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PREFACE. 


THE  following  wovk  is  intended  for  the  instruction  of  general  readers,  to  direct 
their  attention  to  the  study  of  the  heavens,  and  to  prese.it  to  their  view  sublime  ob- 
jects of  contemplation.  With  this  view  the  author  has  avoided  entering  on  the  more 
abstruse  and  recondite  portions  of  astronomical  science,  and  confined  his  attention 
chiefly  to  the  exhibition  of  facts,  the  foundation  on  which  they  rest,  and  the  reason- 
ings by  which  they  are  supported.  All  the  prominent  facts  and  discoveries  connected 
with  descriptive  astronomy,  in  so  far  as  they  relate  to  the  planetary  system,  are  here 
recorded,  and  many  of  them  exhibited  in  a  new  point  of  view ;  and  several  new  facts 
and  observations  are  detailed  which  have  hitherto  been  either  unnoticed  or  unrecorded. 

The  results  of  hundreds  of  tedious  calculations  have  been  introduced  respecting 
the  solid  and  superficial  contents  of  the  different  planets,  their  satellites,  and  the 
rings  of  Saturn ;  their  comparative  magnitudes  and  motions,  the  extent  of  their 
orbits,  the  apparent  magnitudes  of  bodies  in  their  respective  firmaments,  and  many 
other  particulars  not  contained  in  books  of  astronomy,  in  order  to  produce  in  the 
minds  of  common  readers  definite  conceptions  of  the  magnitude  and  grandeur  of  the 
solar  system.  The  mode  of  determining  the  distances  and  magnitudes  of  the  celes- 
tial bodies  is  explained,  and  rendered  as  perspicuous  and  popular  as  the  nature  of 
the  subject  will  admit;  and  the  prominent  arguments  which  demonstrate  a  plurality 
of  worlds  are  considered  in  all  their  bearings,  and  illustrated  in  detail. 

One  new  department  of  astronomical  science,  which  has  hitherto  been  overlooked, 
has  been  introduced  into  this  volume,  namely,  the  scenery  of  the  heavens  as  exhibited 
from  the  surfaces  of  the  different  planets  and  their  satellites,  which  forms  an  interesting 
object  of  contemplation,  and,  at  the  same  time,  a  presumptive  argument  in  favour  of 
the  doctrine  of  a  plurality  of  worlds. 

The  author,  having  for  many  years  past  been  a  pretty  constant  observer  of  celes- 
tial phenomena,  was  under  no  necessity  of  adhering  implicitly  to  the  descriptions 
given  by  preceding  writers,  having  had  an  opportunity  of  observing,  through  some 
of  the  best  reflecting  and  achromatic  telescopes,  the  greater  part  of  the  phenomena 
of  the  solar  system  which  are  here  described. 

Throughout  the  volume  he  has  endeavoured  to  make  the  facts  he  describes  bear 
upon  the  illustration  of  the  Power,  Wisdom,  Benevolence,  and  the  Moral  Govern- 
ment of  the  Almighty,  and  to  elevate  the  views  of  the  reader  to  the  contemplation  of 
HIM  who  sits  on  the  throne  of  the  universe,  "  by  whom  the  worlds  were  framed," 
and  who  is  the  Source  and  Centre  of  all  felicity. 

In  prosecuting  the  subject  of  Celestial  Scenery,  the  author  intends,  in  another 
volume,  to  carry  forward  his  survey  to  the  STARRY  HEAVENS  and  other  objects  con- 
nected with  astronomy.  That  volume  will  embrace  discussions  relative  to  the 
number,  distance,  and  arrangement  of  the  stars  ;  periodical  and  variable  stars ;  new 
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and  temporary  stars  ;  double  and  triple  stars ;  binary  systems ;  stellar  and  planetary 
nebulae ;  the  comets,  and  other  particulars ;  accompanied  with  such  reflections  as 
the  contemplation  of  such  august  objects  may  suggest.  The  subject  of  a  plurality 
of  worlds  will  likewise  be  prosecuted,  and  additional  arguments,  derived  both  from 
reason  and  Revelation,  will  be  adduced  in  support  of  this  position.  The  practical 
utility  of  astronomical  studies,  their  connexion  with  religion,  and  the  views  they 
unfold  of  the  perfections  and  the  empire  of  the  Creator,  will  also  be  the  subject  of 
consideration.  And  should  the  limits  of  a  single  volume  permit,  some  hints  may 
be  given  in  relation  to  the  desiderata  in  astronomy,  and  the  means  by  which  the 
progress  of  the  science  may  be  promoted,  together  with  descriptions  of  the  telescope, 
the  equatorial,  and  other  instruments,  and  the  manner  of  using  them  for  celestial 
investigation. 

BROUGHTY  FERRY,  near  DUNDEE, 
December,  1837. 
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ASTBONOMY  is  that  department  of  know- 
ledge which  has  for  its  object  to  investigate 
the  motions,  the  magnitudes,  and  distances  of 
the  heavenly  bodies ;  the  laws  by  which  their 
movements  are  directed,  and  the  ends  they  are 
intended  to  subserve  in  the  fabric  of  the  uni- 
verse. This  is  a  science  which  has  in  all  ages 
engaged  the  attention  of  the  poet,  the  philoso- 
pher, and  the  divine,  and  been  the  subject  of 
their  study  and  admiration.  Kings  have  de- 
scended from  their  thrones  to  render  it  homage, 
and  have  sometimes  enriched  it  with  their  la- 
bours ;  and  humble  shepherds,  while  watching 
their  flocks  by  night,  have  beheld  with  rapture 
the  blue  vault  of  heaven,  with  its  thousand 
shining  orbs,  moving  in  silent  grandeur,  till 
the  morning  star  announced  the  approach  of 
'  Jay.  The  study  of  this  science  must  have 
been  coeval  with  the  existence  of  man ;  for 
there  is  no  rational  being  who  has  for  the  first 
time  lifted  his  eyes  to  the  nocturnal  sky,  and 
beheld  the  moon  walking  in  brightness  amidst 
the  planetary  orbs  and  the  host  of  stars,  but 
must  have  been  struck  with  admiration  and 
wonder  at  the  splendid  scene,  and  excited  to 
inquiries  into  the  nature  and  destination  of 
those  far-distant  orbs.  Compared  with  the 
splendour,  the  amplitude,  the  august  motions, 
and  the  ideas  of  infinity  which  the  celestial 
vault  presents,  the  most  resplendent  terrestrial 
scenes  sink  into  inanity,  and  appear  unworthy 
of  being  set  in  competition  with  the  glories 
of  the  sky. 

When,  on  a  clear  autumnal  evening,  after 
.inset,  we  take  a  serious  and  attentive  view 
of  the  celestial  canopy ;  when  we  behold  the 
moon  displaying  her  brilliant  crescent  in  the 
western  sky ;  the  evening  star  gilding  the 
shades  of  night ;  the  planets  moving  in  their 
several  orbs;  the  stars,  one  after  another, 
emerging  from  the  blue  ethereal,  and  gradually 
lighting  up  the  firmament  till  it  appear  all 
over  spangled  with  a  brilliant  assemblage  of 
shining  orbs;  and  particularly  when  we  be- 
hold one  cluster  of  stars  gradually  descending 
below  the  western  horizon,  and  other  clusters 
emerging  from  the  east,  and  ascending,  in 
unison,  the  canopy  of  heaven ;  when  we  con- 
template the  whole  celestial  vault,  with  all  the 


shining  orbs  it  contains,  moving  in  silent 
grandeur,  like  one  vast  concave  sphere,  around 
this  lower  world  and  the  place  on  which  we 
stand — such  a  scene  naturally  leads  a  reflect- 
ing mind  to  such  inquiries  as  these :  Whence 
come  those  stars  which  are  ascending  from 
the  east  ]  Whither  have  those  gone  which 
have  disappeared  in  the  west?  What  be- 
comes of  the  stars  during  the  day  which  are 
seen  in  the  night  1  Is  the  motion  which  ap- 
pears in  the  celestial  vault  real,  or  does  a  mo- 
tion in  the  earth  itself  cause  this  appearance  1 
What  are  those  immense  numbers  of  shining 
orbs  which  appear  in  every  part  of  the  sky  ? 
Are  they  mere  studs  or  tapers  fixed  in  the 
arch  of  heaven,  or  are  they  bodies  of  im- 
mense size  and  splendour  1  Do  they  shine 
with  borrowed  light,  or  with  their  own  native 
lustre?  Are  they  placed  only  a  few  miles 
above  the  region  of  the  clouds,  or  at  immense 
distances,  beyond  the  range  of  human  com- 
prehension 1  Can  their  distance  be  ascer- 
tained ?  Can  their  bulk  be  computed  ?  By 
what  laws  are  their  motions  regulated  ?  and 
what  purposes  are  they  destined  to  subserve 
in  the  great  plan  of  the  universe  ?  These, 
and  similar  questions,  it  is  the  great  object  of 
astronomy  to  resolve,  in  so  far  as  the  human 
mind  has  been  enabled  to  prosecute  the  path 
of  discovery. 

For  a  long  period,  during  the  infancy  of 
science,  comparatively  little  was  known  of  the 
heavenly  bodies  excepting  their  apparent  mo- 
tions and  aspects.  Instead  of  investigating 
with  care  their  true  motions,  and  relative  dis- 
tances and  magnitudes,  many  of  our  ances- 
tors looked  up  to  the  sky  either  with  a  brute 
unconscious  gaze,  or  viewed  the  heavens  as 
the  book  of  fate,  in  which  they  might  read 
their  future  fortunes,  and  learn,  from  the  signs 
of  the  zodiac,  and  the  conjunctions  and  other 
aspects  of  the  planets,  the  temperaments  and 
destinies  of  men  and  the  fate  of  empires. 
And  even  to  this  day,  in  many  countries,  the 
fallacious  art  of  prognosticating  fortunes  by 
the  stars  is  one  of  the  chief  uses  to  which  the 
science  of  the  heavens  is  applied.  In  the 
ages  to  which  I  allude,  the  world  in  which 
we  dwell  was  considered  as  the  largest  body 
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in  the  universe.  It  was  supposed  to  be  an 
immense  plane,  diversified  with  a  few  ine- 
qualities, and  stretching  in  every  direction  to 
an  indefinite  extent.  How  the  sun  penetrated 
or  surmounted  this  immense  mass  of  matter 
every  morning,  and  what  hecame  of  him  in 
the  evening — whether,  as  the  poets  assert,  he 
extinguished  himself  in  the  western  ocean, 
and  was  again  lighted  up  in  the  eastern  sky 
in  the  morning— many  of  them  could  not  de- 
termine. Below  this  mass  of  matter  we  call 
the  earth,  it  was  conceived  that  nothing  but 
darkness  and  empty  space,  or  the  regions  of 
Tartarus,  could  exist.  The  stars  which  gild 
the  concave  of  the  firmament  above  were  con- 
sidered only  as  so  many  bright  studs  fixed  in 
a  crystalline  sphere,  which  carried  them  round 
every  day  to  emit  a  few  glimmering  rays,  and 
to  adorn  the  ceiling  of  our  terrestrial  habita- 
tion. Above  the  visible  firmament  of  heaven, 
and  far  beyond  the  ken  of  mortal  eye,  the 
Deity  was  supposed  to  have  fixed  his  special 
residence,  among  myriads  of  superior  intelli- 
gences. The  happiness,  the  preservation,  and 
the  moral  government  of  the  human  race 
were  supposed  to  be  the  chief  business  and 
object  of  the  Deity,  to  which  all  his  decrees 
in  eternity  past,  and  all  his  arrangements  in 
relation  to  eternity  to  come,  had  a  special  and 
almost  exclusive  reference.  Such  ideas  are 
still  to  be  found,  even  in  the  writings  of  Chris- 
tian divines,  at  a  period  no  further  back  than 
the  sixteenth  century. 

To  hazard  the  opinion  that  the  plans  of  the 
Almighty  embraced  a  much  more  extensive 
range — that  other  beings,  analogous  to  men, 
inhabited  the  planetary  or  the  starry  orbs,  and 
that  such  beings  form  by  far  the  greater  part 
of  the  population  of  the  universe — would  have 
been  considered  as  a  heresy  in  religion,  and 
would  probably  have  subjected  some  of  those 
who  embraced  it  to  the  anathemas  of  the 
church,  as  happened  to  Spigelius,  bishop  of 
Upsal,  for  defending  the  doctrine  of  the  anti- 
podes, and  to  Galileo,  the  philosopher  of  Tus- 
cany, for  asserting  the  motion  of  the  earth. 
The  ignorance,  the  intolerance,  and  the  con- 
tracted views  to  which  I  allude,  are,  however, 
now,  in  a  great  measure,  dissipated.  The 
light  of  science  has  arisen,  and  shed  its  benign 
influence  on  the  world.  It  has  dispelled  the 
darkness  of  former  ages,  extended  our  pros- 
pects of  the  grandeur  and  magnificence  of  the 
scene  of  creation,  and,  in  conjunction  with 
the  discoveries  of  revelation,  has  opened  new 
views  of  the  perfections  and  moral  govern- 
ment of  the  Almighty.  In  the  progress  of 
astronomical  science,  the  distances  and  mag- 
nitudes of  many  of  the  celestial  bodies  began 
to  be  pretty  nearly  ascertained ;  and  the  in- 
vention of  the  telescope  enabled  the  astrono- 
mer to  extend  his  views  into  regions  far 
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beyond  the  limits  of  the  unassisted  eye,  and 
to  discover  myriads  of  magnificent  globes  for- 
merly hid  in  the  unexplored  regions  of  im- 
mensity. The  planetary  orbs  were  found  to 
bear  a  certain  resemblance  to  the  earth,  having 
spots  and  dark  streaks  of  different  shades 
upon  theu:  surfaces ;  and  it  was  not  long  in 
being  discovered  that,  notwithstanding  their 
apparent  brilliancy,  they  are,  in  reality,  opaque 
globes,  which  derive  all  their  light  and  lustre 
from  the  sun.  The  planet  Venus,  in  different 
parts  of  its  orbit,  was  observed  to  exhibit  a 
gibbous  phase,  and  the  form  of  a  crescent 
similar  to  the  moon,  plainly  indicating  that  it 
is  a  dark  globe,  enlightened  only  on  one  side 
by  the  rays  of  the  sun.  The  moon  was  per- 
ceived to  be  diversified  with  hills  and  valleys, 
caverns,  rocks,  and  plains,  and  ranges  of 
mountains  of  every  shape,  but  arranged  in  a 
manner  altogether  different  from  what  takes 
place  in  our  sublunary  sphere.  The  sun, 
which  was  generally  supposed  to  be  a  ball  of 
liquid  fire,  was  found  to  be  sometimes  covered 
with  large  dark  spots,  some  of  them  exceeding 
in  size  the  whole  surface  of  the  terraqueous 
globe,  and  giving  indications,  by  their  frequent 
changes  and  disappearance,  of  vast  operations 
being  carried  on  upon  the  surface  and  in  the 
interior  of  that  magnificent  luminary.  Hun- 
dreds of  stars  were  descried  where  scarcely 
one  could  be  perceived  by  a  common  observer ; 
and  as  the  powers  of  the  telescope  were  in- 
creased, thousands  more  were  brought  to 
vie-y,  extending  in  every  direction,  from  the 
limits  of  unassisted  vision  throughout  the 
boundless  extent  of  space. 

It  is  natural  for  an  intelligent  observer  of 
the  universe  to  inquire  into  the  final  causes 
of  the  various  objects  which  exist  around 
him.  When  he  beholds  the  celestial  regions 
filled  with  bodies  of  an  immense  size,  arranged 
in  beautiful  and  harmonious  order,  and  per- 
forming their  various  revolutions  with  regu- 
larity and  precision,  the  natural  inquiry  is, 
For  what  end  has  the  Deity  thus  exerted  his 
wisdom  and  omnipotence  1  What  is  the  ulti- 
mate destination  of  those  huge  globes  which 
appear  in  the  spaces  of  the  firmament]  Are 
these  vast  masses  of  matter  suspended  in  the 
vault  of  heaven  merely  to  diversify  the  voids 
of  infinite  space,  or  to  gratify  a  few  hundreds 
of  terrestrial  astronomers  in  peeping  at  them 
through  their  glasses'?  Is  the  Almighty  to  be 
considered  as  taking  pleasure  in  beholding  a 
number  of  splendid  lamps,  hung  up  through- 
out the  wilds  of  immensity,  which  have  no 
relation  to  the  accommodation  and  happiness 
of  intelligent  minds  1  Has  he  no  end  •  in 
view  corresponding  to  the  magnificence  and 
grandeur  of  the  means  he  has  employed  !  Or, 
are  we  to  conclude  that  his  wisdom  and  good- 
ness are  no  less  conspicuously  displayed  than 
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Ills  omnipotence  in  peopling  those  vast  bodies 
with  myriads  of  intelligent  existences  of  va- 
rious orders,  to  share  in  his  beneficence  and 
to  adore  his  perfections'?  This  last  deduc- 
tion is  the  only  one  which  appears  compatible 
with  any  rational  ideas  we  can  entertain  of 
the  wisdom  and  intelligence  of  the  Eternal 
Mind,  and  the  principles  of  the  Divine  govern- 
ment. 

This  opinion  is  now  very  generally  enter- 
tained by  those  who  have  turned  their  atten- 
tion to  the  subject.  But  it  is  frequently  ad- 
mitted on  grounds  that  are  too  general  and 
vague  ;  on  the  authority  of  men  of  science,  or 
on  the  mere  ground  that  the  planets  and  stars 
are  bodies  of  immense  size ;  and  hence  it  is 
only  considered  as  a  probable  opinion,  and  a 
thorough  conviction  of  its  truth  is  seldom  pro- 
duced in  the  mind. 

In  the  following  work  it  shall  be  our  en- 
deavour to  show  that  the  arguments  which 
may  be  brought  forward  to  establish  the  doc- 


trine of  a  plurality  of  words  have  all  the  force 
of  a  moral  demonstration  ,•  that  they  throw  a 
lustre  on  the  perfections  of  the  Divinity  ;  and 
that  the  opposite  opinion  is  utterly  inconsis- 
tent with  every  idea  we  ought  to  entertain  of 
an  Allwise  and  Omnipotent  Intelligence. 

In  order  to  the  full  illustration  of  this  sub- 
ject, it  will  be  necessary  to  take  a  pretty 
minute  and  comprehensive  view  of  all  the 
known  facts  in  relation  to  the  heavenly  bodies  ; 
and  while  these  facts  will  be  made  to  bear 
upon  the  object  now  proposed,  they  will  like- 
wise tend  to  exhibit  the  scenery  of  the  heavens, 
and  to  elucidate  many  of  the  prominent  truths 
and  principles  connected  with  descriptive  as- 
tronomy. In  the  progress  of  our  discussions, 
we  shall  descend  into  many  minute  particu- 
lars which  are  generally  overlooked  by  writers 
on  the  subject  of  astronomy,  and  shall  intro- 
duce several  original  observations  and  views 
on  this  subject  which  have  not  hitherto  been 
particularly  detailed. 


CHAPTER  I. 

On  the  general  appearance  and  apparent  motions  of  the  Starry  Heavens. 


BEFOKE  proceeding  to  a  particular  descrip- 
tion of  the  real  magnitudes,  motions,  and  phe- 
nomena of  the  heavenly  bodies,  it  may  not  be 
improper  to  take  a  brief  survey  of  the  general 
appearance  and  apparent  motions  of  the  celes- 
tial vault,  as  they  present  themselves  to  the 
eye  of  a  common  observer. 

It  is  of  importance  to  every  one  who  wishes 
to  acquire  a  clear  idea  of  the  principles  of  as- 
tronomy and  the  phenomena  of  the  heavens, 
that  he  contemplate  with  his  own  eyes  the 
apparent  aspects  and  revolutions  of  the  celes- 
tial bodies  before  he  proceeds  to  an  investiga- 
tion of  the  real  motions,  phenomena,  and 
arrangements  which  the  discoveries  of  science 
have  led  us  to  deduce.  From  want  of  atten- 
tion to  this  circumstance,  there  are  thousands 
of  smatterers  in  the  science  of  astronomy  who 
never  acquire  any  clear  or  comprehensive  ideas 
on  this  subject ;  and  who,  instead  of  clearly 
perceiving  the  relations  of  the  heavenly  orbs 
from  their  own  observation,  rely  chiefly  on 
the  assertions  of  their  instructors,  or  the  vague 
descriptions  to  be  found  in  elementary  books. 
It  is  amazing  how  many  intelligent  men  there 
are  among  us  who  would  not  wish  to  be  con- 
sidered altogether  ignorant,  of  modern  astro- 
nomy, have  never  looked  up  to  the  celestial 
vault  with  fixed  attention  ;  have  never  made 
repeated  observations  to  discover  its  pheno- 
mena ;  and  cannot  tell,  from  their  own  survey, 
what  are  the  various  motions  it  exhibits. 
There  are  thousands  and  ten  thousands  who 
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have  gazed  on  a  clear  evening  sky,  at  certain 
intervals,  during  a  period  of  many  years,  yet 
can  tell  no  more  about  the  glorious  scene 
around  them  than  that  they  behold  a  number 
of  shining  points  twinkling  in  every  direc- 
tion in  the  canopy  above.  Whether  these 
bodies  shift  their  positions  with  regard  to  each 
other,  or  remain  at  the  same  relative  distances ; 
whether  any  of  them  appear  in  motion,  while 
others  appear  at  rest ;  whether  the  whole  celes- 
tial canopy  appears  to  stand  still,  or  is  carried 
round  with  some  general  motion  ;  whether  all 
the  stars  which  are  seen  at  six  o'clock  in  the 
evening  are  also  visible  at  twelve  at  midnight ; 
whether  the  stars  rise  and  set,  as  the  sun  and 
moon  appear  to  do ;  whether  they  rise  in  the 
east,  or  north-east,  or  in  any  other  quarter ; 
whether  some  rise  and  set  regularly,  while 
others  never  descend  below  the  horizon  ;  whe- 
ther any  particular  stars  are  occasionally 
moving  backward  or  forward,  and  in  what 
parts  of  the  heavens  they  appear;  whether 
there  are  stars  in  our  sky  in  the  daytime  as 
well  as  well  as  during  night;  whether  the 
same  clusters  of  stars  are  to  be  seen  in  sum- 
mer as  in  winter  1  To  these  and  similar  ques- 
tions there  are  multitudes  who  have  received 
a  regular  education,  and  who  are  members  of  a 
Christian  church,  who  could  give  no  satisfac- 
tory answers.  And  yet  almost  every  one  of 
these  inquiries  could  be  satisfactorily  an- 
swered, in  the  course  of  a  few  evenings,  by 
any  man  of  common  understanding  who  di- 
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reeled  his  attention  for  a  few  hours  to  the  sub- 
ject, and  that,  too,  without  the  knowledge  of 
a  single  scientific  principle.  He  has  only  to 
open  his  eyes,  and  to  make  a  proper  use  of 
them  ;  to  fix  his  attention  on  the  objects  before 
him ;  to  make  one  observation  after  another, 
and  compare  them  together  ;  and  to  consider 
that  "  the  works  of  the  Lord  are  great"  and 
that  they  ought  "  to  be  sought  out  [or  serious- 
ly investigated]  by  all  those  who  have  plea- 
sure therein." 

If  this  representation  be  admitted  as  just, 
what  a  striking  idea  does  it  present  of  the 
apathy  and  indifference  of  the  greater  part  of 
mankind  in  regard  to  the  most  astonishing 
and  magnificent  display  which  the  Creator 
has  given  of  himself  in  his  works !  Had  we 
an  adequate  conception  of  all  the  scenes  of 
grandeur,  and  the  displays  of  intelligence  and 
omnipotent  power,  which  a  serious  contem- 
plation of  a  starry  sky  is  calculated  to  convey, 
all  the  kingdoms  of  this*world  would  sink  into 
comparative  insignificance,  and  all  their  pomp 
and  splendour  appear  as  empty  as  the  bubbles 
of  the  deep.  It  is  amazing  that  Christians, 
in  particular,  should,  in  so  many  instances, 
be  found  overlooking  such  striking  displays  of 
Divine  perfection  as  the  firmament  opens  to 
our  view,  as  if  the  most  august  works  of  the 
Creator,  and  the  most  striking  demonstration 
of  his  "  eternal  power  and  godhead,"  were  un- 
worthy of  their  regard ;  while  we  are  com- 
manded, in  scripture,  to  "  lift  up  our  eyes  on 
high,  and  consider  Him  who  hath  created 
these  oxbs,  who  bringeth  forth  their  hosts  by 
number,"  and  who  guides  them  in  all  their 
motions  "by  the  greatness  of  his  strength." 
"  The  heavens,"  says  the  psalmist,  "  declare 
the  glory  of  the  Lord,  and  the  firmament 
showeth  his  handiwork."  Though  these  lu- 
minaries "have  no  speech  nor  language," 
though  "  their  voice  is  not  heard"  in  articulate 
sounds,  yet,  as  they  move  along  in  silent  gran- 
deur, they  declare  to  every  reflecting  beholder 
that  "the  hand  that  made  them  is  Divine." 

One  great  cause  of  this  indifference  and 
inattention  is  to  be  found  in  the  want  of  those 
habits  of  observation  and  reflection  which 
ought  to  be  formed  in  early  life  by  the  instruc- 
tions imparted  in  the  family  circle  and  at  pub- 
lic seminaries.  Children,  at  a  very  early  age, 
are  endowed  with  the  principle  of  curiosity, 
and  manifest  an  eager  desire  to  become 
acquainted  with  the  properties  and  movements 
of  the  various  objects  which  surround  them ; 
but  their  curiosity  is,  in  most  instances,  im- 
properly directed ;  they  are  seldom  taught  to 
make  a  right  use  of  their  senses ;  and  when 
they  make  inquiries  in  reference  to  the  appear- 
ances of  nature,  their  curiosity  is  too  frequently 
repressed,  till,  at  length,  habits  of  inattention 
jid  indifference  take  possession  of  their  minds. 
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A  celebrated  author  represents  his  pupil  as 
expressing  himself  in  the  following  manner  :— 
"  I  shall  freely  tell  you  the  things  which  fre- 
quently occur  to  my  mind,  and  often  perplex 
my  thoughts.  I  see  the  heavens  over  my  head, 
and  tread  on  the  earth  with  my  feet ;  but  1 
am  at  a  loss  what  to  think  of  that  might]:/ 
concave  above  me,  or  even  of  this  vory  earth 
I  walk  upon.  I  often  think  whether  the  earth 
may  not  stretch  out  in  breadth  to  immensity, 
so  as,  if  one  was  to  travel  it  over,  one  should 
never  be  able  to  get  to  the  end  of  the  earth, 
but  always  find  room  to  continue  the  journey  ; 
nor  can  I  satisfy  myself  as  to  the  depth  of  the 
earth,  whether  it  has  any  bottom  ;  and,  if  so, 
what  it  can  be  that  is  below  the  earth.  As  to 
the  heaven,  I  need  say  nothing :  every  change 
that  happens,  and  every  object  seen  there, 
perplex  me  with  doubts  and  fruitless  guesses. 
I  often  wonder  how  the  sun  moves  over  so 
large  a  space  every  day,  and  yet  seems  not  to 
stir  out  of  his  place.  I  would  know  where  he 
goes  beyond  the  mountains  in  the  evening  ; 
what  becomes  of  him  in  the  nighttime  ;  whe- 
ther he  makes  his  way  through  the  thickness 
of  the  earth,  or  the  depth  of  the  sea,  and  so 
always  shows  himself  again  from  the  east 
next  morning.  It  seems  strange  that,  being 
so  small  a  body  as  he  is,  he  should  still  be 
seen  every  where,  and  still  of  the  same  bigness. 
The  various  nature  of  the  moon  seems  yet 
more  perplexing ;  to-night,  perhaps,  you  can 
scarce  discern  her ;  but,  in  a  few  days,  she 
becomes  larger  than  the  body  of  the  sun  itself. 
In  a  little  time  after,  she  decays,  and,  at  last, 
wears  quite  away ;  yet  she  recovers  again.  In 
a  word,  she  is  never  the  same,  and  yet  still 
becoming  what  she  was  before.  What  means 
that  multitude  of  stars  scattered  over  the  face 
of  the  whole  sky,  whose  number  is  so  great 
that  it  is  become  proverbial  ?  There  are  other 
things  I  want  to  be  informed  of,  but  these  are 
the  main  difficulties  which  exercise  my 
thoughts,  and  perplex  my  mind  with  endless 
doubting." 

Were  the  young,  or  any  other  class  of  per- 
sons, led  to  such  reflections  as  these,  and 
were  their  doubts  and  inquiries  resolved,  so 
far  as  our  knowledge  extends,  we  should  have 
a  hundred  intelligent  observers  of  the  pheno- 
mena of  the  universe  for  one  that  is  found  in 
the  present  state  of  society.  But,  instead  of 
answering  their  inquiries  and  gratifying  their 
natural  curiosity,  we  not  unfrequently  tell 
them  that  they  arc  troublesome  with  their 
idle  questions ;  that  they  ought  to  mind  their 
grammar  and  parts  of  speech,  and  not  meddle 
with  philosophical  matters  till  they  be  many 
years  older;  that  such  subjects  cannot  be 
understood  till  they  become  men;  and  that 
they  must  be  content  to  remain  in  ignorance 
for  ten  or  twelve  years  to  come.  Thus  we 
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frequently  display  our  own  ignorance  and  in- 
attention, and  thus  we  repress  the  natural  de- 
sire for  knowledge  in  the  young,  till  they 
become  habituated  to  ignorance,  and  till  the 
uneasy  sense  arising  from  curiosity  and  un- 
satisfied desire  has  lost  its  edge,  and  a  desire 
for  sensual  or  vicious  pleasure  usurps  its 
place.  I  recollect,  when  a  boy  of  about  seven 
or  eight  years  of  age,  frequently  musing  on 
such  subjects  as  those  to  which  we  have 
now  alluded.  I  sometimes  looked  out  from 
a  window,  in  the  daytime,  with  fixed  atten- 
tion, on  a  pure  azure  sky,  and  sometimes 
stretched  myself  on  my  back  on  a  meadow, 
or  in  a  garden,  and  looked  up  to  the  zenith 
to  contemplate  the  Wue  ethereal.  On  such 
occasions  «  variety  of  strange  ideas  sometimes 
passed  through  my  mind.  1  wondered  how  far 
the  blue  vault  of  heaven  might  extend ;  whe- 
ther it  was  a  solid  transpaient  arch,  or  empty 
space ;  what  would  be  seen  could  I  transport 
myself  to  the  highest  point  1  perceived ;  and 
what  display  the  Almighty  made  of  himself 
in  those  regions  so  far  removed  from  mortal 
view.  I  asked  myself  whether  the  heavens 
might  be  bounded  on  all  sides  by  a  solid  wall ; 
how  far  this  wall  might  extend  in  thickness ; 
or  whether  there  was  nothing  but  empty 
space,  suppose  we  could  fly  for  ever  in  any 
direction.  I  then  entered  into  a  train  of  in- 
quiries as  to  what  would  have  been  the  con- 
sequences had  neither  heaven  nor  earth  been 
made,  and  nad  God  alone  existed  in  the  bound- 
less void.  Why  was  the  world  created  1  What 
necessity  was  there  why  God  hfmself  should 
exist!  And  why  was  not  all  one  vast 
blank,  devoid  of  matter  and  intelligence  ? 
My  thoughts  ran  into  wild  confusion ;  they 
were  overwhelming,  and  they  became  even 
oppressive  and  painful,  so  as  to  induce  me  to 
put  a  check  to  them,  and  to  hasten  to  my  play- 
ful associates  and  amusements.  But  although 
my  relatives  were  more  intelligent  than  many 
of  their  neighbours,  I  never  thought  of  broach- 
ing such  ideas,  or  of  making  any  inquiries  of 
them  respecting  the  objects  which  had  per- 
plexed my  thoughts ;  and,  even  if  I  had,  it  is 
not  likely  I  should  have  received  much  satis- 
faction. Such  views  and  reflections  are,  per- 
haps, not  uncommon  in  the  case  of  thousands 
of  young  people.  I  mention  these  things  to 
show  that  the  youthful  mind,  in  consequence 
of  the  innate  desire  of  knowledge  with  which 
it  is  endowed,  is  often  in  a  state  peculiarly 
adapted  for  receiving  instruction  on  many 
important  subjects,  and  for  becoming  an  in- 
telligent observer  of  the  economy  of  nature, 
were  it  not  that  our  methods  of  instruction 
hitherto,  both  in  public  and  in  private,  instead 
of  gratifying  juvenile  curiosity,  have  frequently 
tended  to  counteract  the  natural  aspirations  of 
the  opening  mind. 


But,  leaving  such  reflections  and  digres- 
sions, let  us  now  take  a  general  view  of  the 
motions  and  phenomena  of  the  nocturnal 
heavens. 

Let  us  suppose  ourselves  u-nder  the  open 
canopy  of  heaven  in  a  clear  night,  at  six 
o'clock  in  the  evening,  about  the  first  of 
November.  I  fix  upon  this  period,  because 
the  Pleiades,  or  seven  stars,  which  are  known 
to  every  one,  are  then  visible  during  the 
whole  night,  and  because,  at  this  season  of 
the  year,  the  most  brilliant  fixed  stars,  and 
the  more  remarkable  constellations,  are  above 
the  horizon  in  the  evening.  Turning  our 
eyes,  in  the  first  place,  towards  the  eastern 
quarter  of  the  heavens,  we  shall  see  the  seven 
stars  just  risen  above  the  horizon,  in  a  direc- 
tion about  halfway  between  the  east  and  the 
north-east  points,  or  east-north-east.  North- 
west from  the  seven  stars,  at  the  distance 
of  thirty  degrees,  a  very  bright  star,  named 
Capella,  may  be  perceived  at  an  elevation  of 
about  eighteen  degrees  above  the  horizon. 
Directing  our  view  towards  the  south,  we 
shall  perceive  a  pretty  bright  star,  with  a 
small  star  on  the  north  and  another  on  the 
south  of  it,  which  has  just  passed  the  meridian. 
This  star  is  called  Altair,  and  belongs  to  the 
constellation  Aquila.  It  is  nearly  south,  at 
an  elevation  of  forty-six  degrees,  or  about 
half  way  between  the  horizon  and  the  zenith. 
About  thirty-three  degrees  north  from  Altair, 
and  a  little  farther  to  the  west,  is  the  brilliant 
star  Lyra,  belonging  to  the  Harp.  Looking 
to  the  west,  a  bright  star,  named  Arcturus, 
will  be  seen  about  fifteen  degrees  above  the 
horizon,  a  very  little  to  the  north  of  the  western 
point.  Turning  our  eyes  in  a  northerly  direc- 
tion, the  constellation  Ursa  Major,  or  the 
Great  Bear,  presents  itself  to  view.  This 
cluster  of  stars  is  sometimes  distinguished  by 
the  name  of  the  Plough,  or  Charles's  Wain, 
and  is  known  to  almost  every  observer.  The 
relative  positions  of  the  prominent  stars  it 
contains  are  represented  in  the  following 
figure.  At  the  time  of  the  evening  now  sup- 
posed, it  appears  a  little  to  the  westward  of 
the  northern  point  of  the  heavens,  the  two 
eastern  stars  of  the  square  being  about  eight- 
teen  degrees  west  from  that  point.  These 
two  stars,  the  uppermost  of  which  is  named 
Dubhe,  and  the  lower  one  Merak,  are  generally 
distinguished  by  the  name  of  the  Pointers,  be- 
cause they  point,  or  direct  our  eye  towards  the 
pole-star. 

The  seven  stars  in  the  lower  part  of  the 
figure  are  the  prominent  stars  which  consti- 
tute the  tail  and  the  body  of  the  Great  Bear. 
The  first  of  these,  reckoning  from  the  left, 
is  termed  Benetnasch,  the  second  Mizar,  the 
third  Alioth,  the  fourth  Mcgrez,  immediately 
below  which  is  Phad.  The  other  two  star* 
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to  the  right  are  the  Pointers  alluded  to  above. 
If  a  line  connecting  these  two  stars  be  con- 
sidered as  prolonged  upward  to  a  considerable 
distance  till  it  meet  the  first  bright  star,  it 
directs  us  to  the  pole-star,  which  is  the  one 
nearest  to  the  pole,  and  which,  to  a  common 
observer,  never  seems  to  shift  its  position. 
The  uppermost  star  in  the  figure  towards  the 
right  hand  represents  the  pole-star  in  its  rela- 
tive distance  and  position  to  the  Great  Bear. 
The  distance  between  the  two  pointers,  Dubhe 
and  Merak,  is  about  five  degrees;  and  the 
distance  between  Dubhe,  the  uppermost  of 
the  pointers,  and  the  pole-star,  is  about  twenty- 
nine  degrees  ;  so  that  the  space  between  Dubhe 
and  the  pole-star  is  nearly  six  times  the  dis- 
tance between  the  two  pointers.  By  attending 
to  these  circumstances,  the  distance  between 
any  two  stars,  when  expressed  in  degrees,  may 
be  nearly  ascertained  by  the  eye.  The  six 
small  stars  in  the  upper  part  of  the  figure 
represent  the  constellation  Ursa  Minor,  or 
the  Lesser  Bear,  of  which  the  pole-star  forms 
the  tip  of  the  tail.  They  resemble  the  con- 
figuration of  the  stars  in  the  Great  Bear,  only 

Fig.  1. 


shall  then  find  that  the  seven  stars  have  liscc 
to  a  considerable  elevation,  and  are  nearly 
half  way  between  the  eastern  horizon  and  the 
south ;  that  the  Bull  's-eye,  a  bright  ruddy 
star,  which  was  before  invisible  is  now  seen  a 
little  to  the  eastward  of  the  Pleaides;  and 
that  the  brilliant  constellation  Orion,  which  in 
the  former  observation  was  below  the  horizon, 
is  now  distinctly  visible  in  the  east  and  south- 
east; and  the  star  Capella  midway  between 
the  horizon  and  the  zenith.  The  stars  Altair 
and  Lyra,  which  were  before  nearly  south, 
have  descended  more  than  half  way  towards 
the  western  horizon.  The  star  Arcturus  is 
no  longer  visible,  having  sunk  beneath  the 
horizon  ;  and  many  stars  in  the  eastern  quar- 
ter of  the  heavens,  which  were  formerly  un- 
seen, now  make  their  appearance  at  different 
elevations.  The  stars  of  the  Great  Bear,  par- 
ticularly the  two  pointers,  which  were  formerly 
to  the  west  of  the  north  point,  have  now 
passed  to  the  east  of  it.  At  twelve  o'clock, 
midnight,  their  .position  may  be  thus  repre- 
sented. 

Fig.  2. 
North. 


they  are  on  a  smaller  scale,  and  in  a  reversed 
position.* 

Having  now  fixed  on  certain  stars  or  points 
in  the  heavens  as  they  appear  about  six  in  the 
evening,  and  marked  their  relative  positions, 
let  us  take  another  view  of  the  celestial  vault 
as  it  appears  about  ten  o'clock  the  same  even- 
ing, or  the  first  clear  evening  afterward.  We 

*  In  t  hepe  observations,  the  observer  is  supposed 
to  be  plawd  nearly  in  5*2°  north  latitude,  which  is 
nearly  the  latitude  of  London.  Those  who  reside 
tn  latitudes  between  40°  and  4.r)°.  as  the  inhabit- 
ants of  Philadelphia.  Now  York,  Hartford.  Boston, 
Montreal,  Madrid,  Rome,  &c..  would  require  to 
postpone  their  observatious  till  a  little  after  half 
past  six  in  the  eveninsr,  and  to  make  a  sm.'.ll 
.rJlowance  for  the  elevations,  above  stated,  of 
certain  stars  above  the  horizon.  In  most  other 
repects,  the  appearance  of  the  heavens,  to  the 
inhabitants  of  such  pbces,  will  be  the  same  as 
here  described. 
(356) 


The  pointers  now  appear  considerably  to 
the  eastward  of  the  north  point,  and  consi- 
derably more  elevated  than  before,  while  the 
stars  in  the  tail  appear  much  lower.  About 
three  o'clock  next  morning  the  pointers  will 
appear  nearly  due  east  from  the  pole-star,  and 
at  the  same  elevation  above  the  horizon ;  and 
the  other  stars  in  that  constellation  will  be 
seen  hanging,  as  it  were,  nearly  perpendicular 
below  them.  At  this  hour  the  Pleiades,  or 
seven  stars,  will  appear  to  have  moved  twenty- 
five  degrees  past  the  meridian  to  the  west,  ami 
the  brilliant  constellation  Orion  will  be  seen 
nearly  due  south.  The  bright  star  Capellu 
now  appears  nearly  in  the  zenith,  or  point  di- 
rectly over  our  heads;  Lyra  i«  in  the  horizon, 
nearly  due  north,  and  Altair  has  descended 
below  the  western  horizon.  At  six  in  the 
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mortiing,  the  seven  stars  will  be  seen  in  the 
west,  only  a  short  distance  above  the  horizon  ; 
and  all  the  other  stars  to  the  eastward  of  them 
will  be  found  to  have  made  a  considerable  pro- 
gress towards  the  west  At  this  hour  the 
stars  of  the  Great  Bear  will  appear  near  the 
upper  part  of  the  heavens,  and  the  pointers 
not  far  from  the  zenith.  Their  position  at 
this  time  is  shown  in  the  following  figure. 

Fig.  3. 


Here  the  pointers  appear  elevated  a  great 
way  above  the  pole-star,  whereas,  in  the  ob- 
servation at  six  in  the  evening,  the  whole  con- 
stellation appeared  far  below  it.  At  eight  in 
the  morning,  the  whole  of  the  constellation 
would  be  seen  nearly  overhead,  were  the  stars 
then  visible  ;  at  twelve,  noon,  it  would  appear 
towards  the  west,  at  a  considerable  elevation ; 
and  at  six  in  the  evening  it  would  again  re- 
turn to  its  former  position,  as  noted  in  our 
first  observation.  The  following  figure  repre- 
sents the  position  of  Ursa  Minor,  or  the  Lesser 
Bear,  at  four  different  periods  during  twenty- 
four  hours. 


At  six  in  the  evening,  about  the  beginning 
of  November,  Ursa  Minor  will  be  nearly  in 


the  position  represented  on  the  left  at  A, 
nearly  straight  west  from  the  pole-star,  which 
appears  in  the  centre.  Six  hours  afterward, 
or  at  twelve,  midnight,  it  will  appear  below 
the  pole,  in  the  position  marked  B ;  at  six 
next  morning  it  will  appear  opposite  to  iu 
first  position,  as  represented  on  the  right  at 
C  ;  at  twelve,  noon,  it  will  appear  above  the 
pole,  as  represented  at  D ;  but  in  this  position 
it  cannot  be  seen  in  November,  or  during  the 
winter  months,  as  the  stars  at  that  time  of  the 
day  are  eclipsed  by  the  light  of  the  sun.  At 
six  in  the  evening  it  again  returns  to  its  for- 
mer position.  Such  are  the  general  appear- 
ance and  apparent  motions  of  all  the  stars  in 
the  northern  hemisphere,  within  fifty -two  de- 
grees of  the  pole,  to  a  spectator  situated  in 
52°  of  north  latitude.  They  all  appear  to 
perform  a  circuit,  in  the  course  of  twenty-four 
hours,  around  a  point  which  is  the  centre  of 
their  motion,  near  to  which  is  the  pole-star. 
All  the  stars  within  this  range  never  set,  but 
appear  to  describe  complete  circles,  of  different 
dimensions,  around  the  pole  and  above  the 
horizon.  When  they  are  in  the  lower  part 
of  their  course,  or  beneath  the  pole,  they  ap- 
pear to  move  from  west  to  east ;  but  wrhen  in 
the  higher  part  of  their  course,  their  apparent 
motion  is  from  east  to  west ;  and  all  their  cir- 
cuits are  completed  in  exactly  the  same  period 
of  time,  namely,  twenty-three  hours,  fifty-six 
minutes,  and  four  seconds. 

Let  us  now  consider  the  appearances  which 
present  themselves  in  the  other  quarters  of 
the  heavens.  If  we  turn  our  eyes  a  little  to 
the  left  of  the  south,  near  to  that  point  of  the 
compass  called  south-south-east,  and  observe  a 
star  near  the  horizon,  such  as  the  star  Fomal- 
haut,  in  the  Southern  Fish,  it  will  appear  to 
rise  to  a  very  small  altitude  when  it  comes  to 
the  meridian,  only  about  six  degrees,  and  in 
about  five  hours  it  will  set  near  the  point 
south-south-west,  having  described  a  very  small 
arc  of  a  circle  above  the  horizon.  If  we  di- 
rect our  attention  to  the  south-east,  and  ob- 
serve any  bright  star,  such  as  Sirius,  or  the 
Dog-star,  in  the  horizon,  it  will  make  a  larger 
circuit  over  the  southern  sky,  and  will  remain 
about  nine  hours  above  the  horizon  before  it 
sets  in  the  south-west.  If  we  look  due  east, 
and  see  a  star,  such  as  Procyon  in  the  con- 
stellation of  the  Lesser  Dog,  rising,  it  will  re- 
main about  twelve  hours  above  the  horizon, 
and  will  set  in  the  west.  If  we  look  to  the 
north-east,  and  perceive  any  stars,  such  as 
Castor  and  Pollux,  beginning  to  appear,  they 
will  make  a  large  circuit  round  the  heavens, 
such  as  the  sun  describes  in  the  month  of 
June,  and,  after  the  period  of  about  eighteen 
hours,  will  set  in  the  north-west. 

Such  are  the  general  appearances  and  the 
apparent  motions  of  the  heavens  which  pre- 
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sent  themselves  when  viewed  from  our  north- 
ern latitude.  Were  we  to  take  our  station 
near  the  Gulf  of  Guinea,  in  the  island  of  Su- 
matra, or  Borneo,  in  the  Gallipago  Isles,  in  the 
city  of  Quito  in  South  America,  or  on  any 
Other  point  of  the  globe  near  the  equator,  the 
motions  of  the  stars  would  appear  somewhat 
different.  The  pole-star,  instead  of  being  at 
a  high  elevation,  as  in  our  latitude,  would  be 
in  the  horizon.  All  the  stars  would  appear  to 
rise  and  set,  and  the  time  of  their  continuance 
above  the  horizon  would  be  precisely  the  same. 
The  stars  which  rise  in  the  east  would  ascend 
to  the  zenith,  and  pass  directly  overhead,  in 
the  course  of  six  hours ;  and  in  another  six 
hours  they  would  descend  to  the  horizon,  and 
set  in  the  western  point.  The  stars  near  the 
northern  and  southern  points  would  appear  to 
describe  small  semicircles  above  the  horizon 
during  the  same  time,  and  their  motion  would 
appear  much  slower.  The  Great  Bear,  which 
never  sets  in  our  latitude,  would  be  above  the 
horizon  only  during  the  one  half  of  its?  circuit. 
Many  stars  and  constellations  would  appear 
in  the.  southern  quarter  of  the  sky  which  we 
never  see  in  our  latitude.  Every  star  would 
be  found  to  remain  exactly  twelve  hours  above 
and  twelve  hours  below  the  horizon,  and  all 
the  visible  stars  in  the  firmament  might,  from 
such  a  position,  be  perceived  in  the  course  of 
a  year.  Were  we  to  take  our  station  in  the 
southern  hemisphere,  in  Valdivia,  Botany  Bay, 
or  Van  Diemen's  Land,  the  heavens  would 
present  a  different  aspect  from  any  of  those 
we  have  yet  contemplated.  The  north  pole- 
star,  the  Great  Bear,  and  other  neighbouring 
constellations,  would  never  appear  above  the 
horizon.  Many  of  the  stars  which  we  now 
see  in  the  south  would  appear  in  the  north. 
The  south  pole  would  appear  elevated  about 
forty  degrees  above  the  horizon,  and  various 
clusters  of  stars  would  be  seen  revolving  round 
it,  as  the  Great  Bear  and  other  constellations 
do  around  the  north  pole.  In  fine,  could  we 
take  our  station  at  ninety  degrees  of  north 
latitude,  or,  in  other  words,  at  the  north  pole 
of  the  world,  we  should  just  see  one  half  of 
the  stars  of  heaven,  and  no  portion  of  the 
other  half  would  ever  be  visible.  These  stars 
would  appear  neither  to  rise  nor  set,  nor  yet 
to  stand  still.  They  would  appear  to  move 
round  the  whole  heavens,  in  circles  parallel 
to  the  horizon,  every  twenty  four  hours  ;  and 
on  very  clear  evening  all  the  stars  that  are 
ever  visible  in  that  hemisphere  may  be  seen. 
The  stars,  however,  that  appear  in  a  certain 
direction  at  any  particular  hour  will  appear 
at  the  same  elevation  in  the  opposite  direction 
twelve  hours  afterward  ;  and  during  nearly 
six  months  no  stars  will  be  seen  in  the  sky. 
The  apparent  motion  of  the  heavens  may 
at  any  time  be  perceived  by  fixing  on  any 


star  that  appears  nearly  in  a  line  with  a  tree, 
a  spire,  or  any  other  fixed  object,  and  in  the 
course  of  a  few  minutes  its  motion  will  bs 
perceptible  ;  or,  fix  a  common  telescope  upon 
a  pedestal,  and  direct  it  to  any  star,  and  in 
three  or  four  minutes  it  will  be  seen  to  have 
passed  out  of  the  field  of  view.  In  the  de- 
scription now  given,  I  have  spoken  of  the 
pole-star  as  if  it  were  actually  the  pole,  or 
the  most  northerly  point  of  the  heavens.  But 
it  may  be  proper  to  state,  that  though  it  is  the 
nearest  large  star  to  that  point,  it  is  not  actually 
in  the  pole ;  it  is  somewhat  more  than  a  de- 
gree and  a  half  from  the  polar  point,  and 
revolves  around  that  point,  in  a  small  circle, 
every  twenty-four  hours.  This  motion  may 
be  perceived  by  directing  a  telescope  of  a 
moderate  magnifying  power  to  this  star,  and 
fixing  it  in  that  position,  when,  in  the  course 
of  an  hour  or  two,  it  will  be  found  to  have 
moved  beyond  the  field  of  view. 

All  the  observations  above  stated  (except- 
ing those  supposed  to  have  been  made  at  the 
equator,  arid  in  southern  latitudes)  may  be 
accomplished  in  the  course  of  two  or  three 
evenings,  without  incurring  the  loss  of  a 
couple  of  hours ;  for  each  observation  may  be 
made  in  the  space  of  five  or  ten  minutes. 
Every  inhabitant  of  the  globe  has  an  oppor- 
tunity, if  he  choose,  of  observing  the  aspect 
of  the  heavens  in  the  manner  now  described, 
excepting,  perhaps,  those  who  live  in  dark 
and  narrow  lanes,  in  large  cities,  where  the 
sky  is  scarcely  visible;  the  most  unnatural 
situations  in  which  human  beings  can  be 
placed,  and  which  ought  no  longer  to  remain 
as  the  abodes  of  men.  And  the  man  who 
will  not  give  himself  the  trouble  of  making 
such  observations  on  the  starry  heavens  de- 
serves to  remain  in  ignorance  of  the  most 
sublime  operations  of  the  Creator. 

Let  us  now  consider  what  is  the  conclusion 
we  ought  to  deduce  from  our  observations 
respecting  the  apparent  motion  of  the  heavens. 
All  the  phenomena  which  we  have  described, 
when  duly  considered  and  compared  together, 
conspire  to  show  that  the  whole  cekstlal  vault 
performs  an  apparent  revolution  round  the 
earth,  carrying,  as  it  were,  all  the  stars  along 
with  it,  in  the  space  of  twenty-four  hours. 
This  may  be  plainly  demonstrated  by  means 
of  a  celestial  globe,  on  which  all  the  visible 
stars  are  depicted.  When  the  north  pole  is 
elevated  fifty-two  degrees  above  the  northern 
horizon,  and  the  globe  turned  round  on  its 
axis,  all  the  variety  of  phenomena  formerly 
described  may  be  clearly  perceived. 

Here,  then,  we  have  presented  to  view  a 
scene  the  most  magnificent  and  sublime.  All 
the  bright  luminaries  of  the  firmanent  revolving 
in  silent  grandeur  around  our  world  ;  not  only 
the  stars  visible  to  the  unassisted  eye,  but  all 
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the  ten  thousands  and  millions  of  stars  which 
the  telescope  has  enabled  us  to  descry  in  every 
region  of  the  heavens,  for  they  all  seem  to 
partake  of  the  same  general  motion.  If  we 
could  suppose  this  motion  to  be  real,  it  would 
convey  to  the  mind  the  most  magnificent  and 
impressive  idea  which  could  possibly  be  formed 
of  the  incomprehensible  energies  of  Omnipo- 
tence. For  here  we  have  presented  to  view, 
not  only  ten  thousand  times  ten  thousands  of 
immense  globes,  for  superior  to  the  whole 
earth  in  magnitude,  but  the  greater  part  of 
them  carried  round  in  their  revolutions  with 
a  velocity  that  baffles  the  power  of  the  most 
capacious  mind  to  conceive.  In  this  case, 
there  would  be  millions  of  those  vast  lumina- 
ries, which  behooved  to  move  at  the  rate  of 
several  thousands  of  millions  of  miles  in  the 
space  of  a  second  of  time.  For  in  proportion 
to  the  distances  of  any  of  these  bodies  would 
be  the  rapidity  of  their  motions.  The  nearest 
star  would  move  more  than  fourteen  hundred 
millions  of  miles  during  the  time  in  which  the 
pendulum  of  a  clock  moves  from  one  side  to 
another;  but  there  are  thousands  of  stars 
visible  through  our  telescopes  at  least  a  hun- 
dred times  more  distant,  and  whose  distance 
cannot  be  less  than  2,000,000,000,000,000,  or 
two  thousand  billions  of  miles.  This  forms 
the  radius,  or  half  diameter  of  a  circle  whose  cir- 
cumference is  about  12,500,000,000,000,000, 
or  twelve  thousand  five  hundred  billions  of 
miles.  Around  this  circumference,  therefore, 
the  star  behooved  to  move  every  day.  In  a 
sidereal  day  of  twenty-three  hours,  fifty-six 
minutes,  and  four  seconds,  there  are  86,164 
seconds.  Divide  the  number  of  miles  in  the 
circumference  by  the  number  of  seconds  in  a 
day,  and  the  quotient  will  be  somewhat  more 
than  145,000,000,000,  or  one  hundred  and 
forty-five  thousand  millions,  which  is  the 
number  of  miles  that  such  a  star  would  move 
in  the  space  of  a  second,  or  during  the  pulsa- 
tion of  an  artery,  were  the  celestial  vault  to 
be  considered  as  really  in  motion  ;  a  rate  of 
motion  more  than  a  hundred  thousand  mil- 
lions of  times  greater  than  that  of  a  cannon 
ball,  and  seven  hundred  thousand  times  more 
rapid  than  the  motion  of  light  itself,  which  is 
considered  the  swiftest  motion  in  nature. 

The  idea  of  such  astonishing  velocities 
completely  overpowers  the  human  imagina- 
tion, and  is  absolutely  inconceivable.  We 
perceive  no  objects  or  motions  connected  with 
our  globe  that  can  assist  our  imagination  in 
forming  any  definite  conceptions  on  this  sub- 
ject. The  swiftest  impulse  that  was  ever 
given  to  a  cannon  ball,  or  any  other  projectile, 
sinks  into  nothing  in  the  comparison,  Were 
we  transported  to  the  planet  Saturn,  and 
placed  on  its  equatorial  regions,  we  should 
behold  a  stupendous  arch,  thirty  thousand 


miles  in  breadth,  and  more  than  six  hundred 
thousand  miles  in  circumference,  revolving 
around  us  every  ten  hours,  at  the  rate  of  a 
thousand  miles  in  a  minute,  and  sixty  thousand 
miles  every  hour.  But  even  this  astonishingly 
rapid  motion  would  afford  us  little  assistance 
in  forming  our  conceptions,  as  it  bears  no  com- 
parison with  the  motions  to  which  we  have 
now  adverted.  It  becomes  those  persons, 
therefore,  who  refuse  to  admit  the  motion  of 
the  earth,  to  consider,  and  to  ponder  with 
attention,  the  only  other  alternative  which 
must  be  admitted,  namely,  that  all  the  bodies 
of  the  firmament  move  round  the  earth  every 
day  with  such  amazing  velocities  as  have  now 
been  stated.  If  it  appear  wonderful  that  this 
globe  of  the  land  and  water,  with  all  its  mighty 
cities  and  vast  population,  moves  round  its 
axis  every  day  at  the  rate  of  a  thousand  miles 
an  hour,  how  much  more  wonderful,  and  pas- 
sing all  comprehension,  that  myriads  of  huge 
globes  should  move  round  the  earth  in  the 
same  time  with  such  inconceivable  rapidity. 
If  we  reject  the  motion  of  the  earth  because  it 
is  incomprehensible  and  contrary  to  all  our 
preconceived  notions,  we  must,  on  the  same 
ground,  likewise  reject  the  motion  of  the 
heavens,  which  is  far  more  difficult  to  be  con- 
ceived, and  consequently  fall  into  downright 
skepticism,  and  reject  even  the  evidence  of  our 
senses  as  to  what  appears  in  the  economy  of 
nature.  Such  views  and  considerations,  how- 
ever, teach  us  that,  in  whatever  point  of  view 
we  contemplate  the  works  of  the  Almighty, 
particularly  the  scenery  of  the  heavens,  the 
mind  is  irresistibly  inspired  with  sentiments 
of  admiration  and  wonder.  To  the  vulgar 
eye  as  well  as  to  the  philosophic,  "  the  heavens 
declare  the  glory  of  God."  Their  harmony 
and  order  evince  his  wisdom  and  intelligence  ; 
and  the  numerous  bodies  they  contain,  and 
the  astonishing  motions  they  exhibit,  on 
whatever  hypothesis  they  are  contemplated, 
demonstrate  both  to  the  savage  and  the  sage 
the  existence  of  a  power  which  no  created 
being  can  control. 

"  View  the  amazing  canopy! 

The  wide,  the  wonderful  expanse! 

Let  each  bold  infidel  agree 

That  God  is  there,  unknown  to  chance." 

We  cannot,  however,  admit,  in  consistency 
with  the  dictates  of  enlightened  reason,  that 
the  apparent  diurnal  movements  of  the  stars 
are  the  real  motions  with  which  these  bodies 
are  impelled.  For,  in  the  first  place,  such 
motions  are  altogether  unnecessary  to  produce 
the  effect  intended,  namely,  the  alternate  suc- 
cession of  day  and  night  with  respect  to  our 
globe  ;  and  we  know  that  the  Almighty  does 
nothing  in  vain,  but  employs  the  most  simple 
means  to  accomplish  the  most  astonishing  and 
important  ends.  The  succession  of  day  and 
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night  can  be  accomplished  by  a  simple/rotation 
of  the  earth  from  west  to  cast  every  twenty- 
four  hours,  which  will  completely  account  for 
the  apparent  motion  of  the  heavens,  in  the 
Bame  time,  from  east  to  west.  This  we  find 
to  be  the  case  with  Jupiter  and  Saturn,  which 
are  a  thousand  times  larger  than  the  earth,  as 
well  as  with  the  other  planets,  which  have  a 
rotation  round  their  axes,  some  in  ten  hours, 
some  in  twenty-three,  and  some  in  ten  hours 
and  a  half;  and,  consequently,  from  the  sur- 
faces of  these  bodies  the  heavens  will  appear 
to  revolve  around  them  in  another  direction 
from  what  they  do  to  us,  and,  in  certain  in- 
stances, with  a  much  greater  degree  of  velocity. 
We  must  therefore  conclude  that  our  motion 
every  day  towards  the  east  causes  the  heavens 
to  appear  as  if  they  moved  towards  the  west ; 
just  as  the  trees  and  houses  on  the  side  of  a 
narrow  river  appear  to  move  to  the  west  when 
we  are  sailing  down  its  current  in  a  steamboat 
towards  the  east. 

2.  Because  it  is  impossible  to  conceive  that 
so  many  bodies  of  different  magnitudes,  and 
at  different  distances  from  the  earth,  could  all 
have  the  same  period  of  diurnal  revolution. 
The  sun  is  four  hundred  times  further  from  us 
than  the  moon,  and  is  sixty  millions  of  times 
larger.     Saturn  and  Herschel  are  still  further 
from  the  earth ;  the  comets  are  of  different 
sizes,  and  traverse  the  heavens  in  all  directions 
and  at  different  distances ;  the  fixed  stars  are 
evidently  placed  at  different  distances  from  the 
earth  and  from  each  other ;  yet  all  these  bodies 
have  exactly  the  same  period  of  revolution, 
even  to  a  single  moment,  if  the  heavens  re- 
volve around  the  earth,  and  that,  too,  notwith- 
standing the  other  motions,  in  various  direc- 
tions, which  many  of  them  perform.     It  is, 
therefore,  much  more  natural  and  reasonable 
to  suppose  that  the  earth  revolves  around  its 
axis,  since  this   circumstance  solves  all  the 
phenomena  and  removes  every  difficulty. 

3.  Because  such  a  rate  of  motion  in  the 
heavenly  bodies,  if  it  could  be  supposed  to  ex- 
ist, would  soon  shatter  them  to  atoms.    Were 
a  ball  of  wood  to  be  projected  from  a  canon  at 
the  rate  of  a  thousand  miles  an  hour,  in  a 
few  moments  it  would  be  reduced  to  splinters ; 
and  hence  the  forage  and  other  soft  substances 
projected  from  a  musket  or  a  piece  of  ordnance 
are   instantly   torn  to  pieces.     What,   then, 
might  be  supposed  to  be  the  consequence,  were 
a  body  impelled  through  the  regions  of  space 
with  a  velocity  of  a  hundred  and  forty  thou- 
sand millions  of  miles  in  a  moment  of  time  ? 
It  would  most  assuredly  reduce  to  atoms  the 
most  compact  bodies  in  the  universe,  although 
they  were  composed  of  substances  harder  than 
adamant.     But  as  the  fixed  stars  appear  to  be 
bodies  of  a  nature  somewhat  similar  to  the 
fun,  and  as  the  sun  is  much  less  dense  than 
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the  earth,  and  only  a  little  denser  than  water, 
it  is  evident  that  they  could  not  withstand 
such  a  rapidity  of  motion,  which  would  in- 
stantly shatter  their  constitution,  and  dissipate 
every  portion  of  their  substance  through  the 
voids  of  space. 

4.  Because  there  is  no  known  instance  in  the 
universe  (if  that  to  which  we  are  now  advert- 
ing be  excepted)  of  a  larger  body  revolving 
around  a  smaller.     The  planet  Jupiter  does 
not  revolve  around  his  satellites,  which  are  a 
thousand  times  less  than  that  ponderous  globe, 
but  they  all  revolve  around  him ;  nor  does  the 
earth,  which    is  fifty   times   larger   than   the 
moon,  revolve  around  that  nocturnal  luminary, 
but  she  regularly  revolves  about  the  earth,  as 
the   more  immediate  centre   of  her   motion. 
The   sun  does   not  perform    his    revolution 
around  Venus  or  Mercury,  but , these  planets, 
which  are  small,  compared  with  that  mighty 
orb,   continually   revolve   about  him   as   the 
centre  of  their  motions.     Neither  on  earth  nor 
in  the  heavens  is  there  an  instance  to  be  found 
contrary  to  this  law,  which  appears  to  pervade 
the  whole  system  of  universal  nature  ;  but  if 
the  diurnal  revolution  of  the  stars  is  to  be  con- 
sidered as  their  proper  motion,  then  the  whole 
universe,  with  all  the  myriads  of  huge  globes 
it  contains,  is  to  be  considered  as  daily  revolv- 
ing  around    an    inconsiderable    ball,   which, 
when  compared  with  these  luminaries,  is  only 
as  an  atom  to  the  sun,  or  as  the  smallest  parti- 
cle of  vapour  to  the  vast  ocean. 

5.  The   apparent   motion   of  the   heavens 
cannot  be  admitted  as  real,  because  it  would 
confound  all  our  ideas  of  the  intelligence  of 
the  Deity.     While  it  tended  to  exalt  our  con- 
ceptions of  his  omnipotence   to   the   highest 
pitch,  it  would  convey  to  us  a  most  unworthy 
and  distorted  idea  of  his  wisdom.     Wisdom 
is  that  perfection  of  an  intelligent  agent  which 
enables  him  to  proportionate  one  thing  to  an- 
other, and  to  devise  the  most  proper  means 
in  order  to  accomplish  important  ends.     We 
infer  that  an  artist  is  a  wise  man  from  the  na- 
ture of  his  workmanship,  and  the  methods  he 
employs   to   accomplish   his   purposes.     We 
should  reckon  that  person  foolish  in  the  ex- 
treme who  should  construct,  at  a  great  expense, 
a   huge  and  clumsy  piece  of  machinery  for 
carrying  round   a   grate,  and   the  wall  of  a 
house  to  which  it  is  attached,  for  the  purpose 
of  roasting  a  small  fowl  placed  in  the  centre 
of  its  motion,  instead   of  making    the   fowl 
turn  round  its  different  sides  to  the  fire.     We 
should  consider  it  as  the  most  preposterous 
project  that  was  ever  devised  were  a  commu- 
nity to  attempt,  by   machinery,   to   make   a 
town  and  its  harbour  move  forward  to  meet 
every  boat  and  small  vessel  that  entered  the 
liver  on  which  it  was  situated,  instead  of  al- 
lowing such  vehicles  to  move  onward  as  they 
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ilo  at  present.  But  none  of  these  schemes 
would  be  half  so  preposterous  as  to  suppose 
that  the  vast  universe  moves  daily  round  an 
inconsiderable  ball,  when  no  end  is  accom- 
plished by  such  a  revolution  but  what  may  be 
effected  in  the  most  simple  manner.  Such  a 
device,  therefore,  cannot  be  any  part  of  the 
arrangements  of  Infinite  Wisdom.  It  would 
tend  to  lessen  our  ideas  of  the  intelligence  of 
that  adorable  Being  who  is  "  wonderful  in 
counsel  and  excellent  in  working,"  who  "  esta- 
blished the  world  by  his  wisdom,  and  stretched 
out  the  heavens  by  his  understanding,"  and 
whose  wisdom  as  far  excels  that  of  man  as  the 
"  heaven  in  its  height  surpasses  the  earth." 
This  argument  alone  I  consider  as  demon- 
strative of  the  position  we  are  now  attempting 
to  support. 

The  above  are  a  few  arguments  which, 
when  properly  weighed,  ought  to  carry  con- 
viction to  the  mind  of  every  rational  inquirer, 
that  the  general  motion  which  appears  in  the 
starry  heavens  is  not  real,  but  is  caused  by  the 
rotation  of  the  earth  round  its  axis  every  day, 
by  which  we  and  all  the  inhabitants  of  the 
globe  are  carried  round  in  a  regular  and  uni- 
form motion  from  west  to  east.  When  this 
conclusion  is  admitted,  it  removes  every  diffi- 
culty and  every  disproportion  which  at  first 
appeared  in  the  motions  and  arrangements 
of  the  celestial  orbs,  and  reduces  the  system 
of  the  universe  to  a  scene  of  beauty,  harmony, 
and  order  worthy  of  the  infinite  wisdom  of 
Him  who  formed  the  plan  of  the  mighty 
fabric,  and  who  settled  "the  ordinances  of 
heaven."  Instead,  then,  of  remaining  in  a 
state  of  absolute  rest,  as  we  are  at  first  apt  to 
imagine,  we  are  transported  every  moment 
towards  the  east  with  a  motion  ten  times  more 
rapid  than  has  ever  been  effected  by  steam- 
carriages  or  air-balloons.  It  is  true,  we  do 
not  feel  this  motion,  because  it  is  smooth  and 
uniform,  and  is  never  interrupted.  The  earth 
is  carried  forward  in  its  course,  not  like  a  ship 
in  the  midst  of  a  tempestuous  ocean,  but 
through  a  smooth  ethereal  sea,  where  all  is 
calm  and  serene,  and  where  no  commotions  to 
disturb  its  motion  ever  arise.  Carried  along 
with  a  velocity  which  is  common  to  every 
thing  around  us,  we  are  in  a  state  somewhat 
similar  to  that  of  a  person  in  a  ship  which  is 
sailing  with  rapidity  in  a  smooth  current ;  he 
feels  no  motion  except  when  a  large  wave  or 
other  body  happens  to  dash  against  the  vessel ; 
he  fancies  himself  at  rest,  while  the  shore,  the 
buildings,  and  the  hills  appear  to  him  to  move ; 
but  the  smallness  of  the  vessel,  compared 
with  the  largeness  of  the  objects  which  seem 
to  move,  convinces  him  that  the  motion  is 
connected  with  the  ship  in  which  he  sails : 
and  on  similar  principles  we  infer  that  the 
apparent  motion  of  the  heavens  is  caused  by 
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the  real  motion  of  the  earth,  which  carries  us 
along  with  it  as  a  ship  carries  its  passengers 
along  the  sea.  With  regard  to  motion,  it 
may  be  observed  that,  strictly  speaking,  we  do 
not  perceive  any  motion  either  in  the  earth  or 
in  the  heavens.  When  we  look  at  a  star  with 
the  utmost  steadiness,  we  perceive  no  motion, 
although  we  keep  our  eye  fixed  upon  it  for  a 
few  minutes ;  but,  if  we  mark  the  position 
of  the  star  with  regard  to  a  tree  or  a  chimney 
top,  and,  after  an  hour  or  two,  view  the  star 
from  the  same  station,  we  shall  find  that  it 
then  appears  in  a  different  direction.  Hence 
we  infer  that  motion  has  taken  place  ;  but 
whether  the  motion  be  in  the  star  or  in  the 
persons  who  have  been  observing  it,  remains 
still  to  be  determined.  We  perceive  no  motion 
in  the  star  any  more  than  we  feel  the  motion 
of  the  earth.  All  that  we  perceive  is,  that 
the  two  objects  have  changed  their  relative 
positions ;  and,  therefore,  the  body  that  is 
really  in  motion  must  be  determined  by  such 
considerations  as  we  have  stated  above. 

Besides  the  apparent  diurnal  revolution  of 
the  heavens,  there  is  another  apparent  motion 
which  requires  to  be  considered.  It  is  well 
known  to  every  one  who  has  paid  the  least 
attention  to  this  subject,  that  we  do  not  per- 
ceive the  same  clusters  of  stars  at  every  sea- 
son of  the  year.  If,  for  example,  we  take  a 
view  of  the  starry  heavens  on  the  first  of  Oc- 
tober, at  ten  o'clock  in  the  evening,  and 
again,  at  the  same  hour,  on  the  first  of  April, 
we  shall  find  that  the  clusters  of  stars  in  the 
southern  parts  of  the  heavens  are,  at  the  lat« 
ter  period,  altogether  different  from  those 
which  appeared  in  the  former ;  and  those 
which  are  in  the  neighbourhood  of  the  pole 
will  appear  in  a  different  position  in  April 
from  what  they  did  at  the  same  hour  in  the 
month  of  October.  The  square  of  the  Great 
Bear,  for  example,  will  appear  immediately 
below  the  pole-star  in  October ;  whereas  in 
April  it  will  appear  as  far  above  it,  and  near 
to  the  zenith.  In  the  former  case,  the  two 
stars  called  the  Pointers  will  point  upward 
to  the  pole,  in  the  latter  case  they  will  point 
downward.  In  October  this  constellation  will 
appear  nearly  in  the  position  represented  in 
fig.  1  (p.  14)  ;  in  April  it  will  appear  nearly 
as  represented  in  fig.  3  (p.  15).  These  varia- 
tions in  the  appearance  of  the  stars  lead  us 
to  conclude  that  there  is  an  apparent  annual 
motion  in  these  luminaries.  This  motion  may 
be  observed,  if  we  take  notice,  for  a  few  days  or 
weeks,  of  those  stars  which  are  situated  near 
the  path  of  the  sun.  When  we  see  a  bright 
star  near  the  western  horizon,  a  little  elevated 
above  the  place  where  the  sun  went  down,  if 
we  continue  our  observation  we  shall  find  that 
every  day  it  appears  less  elevated  at  the  same 
hour,  and  seems  to  be  gradually  approaching 
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to  the  point  of  the  heavens  in  which  the  sun 
is  situated,  till,  in  the  course  of  a  week  or 
two,  it  ceases  to  be  visible,  being  overpowered 
by  the  superior  brightness  of  the  sun.  In 
the  course  of  a  month  or  two  the  same  star 
which  disappeared  in  the  west  will  be  seen 
rising  some  time  before  the  sun  in  the  east, 
having  passed  from  the  eastern  side  of  the 
sun  to  a  distance  considerably  westward  of 
him.  The  stars  in  the  western  quarter  of  the 
heavens  which  appeared  more  elevated  will 
be  found  gradually  to  approximate  to  the  sun, 
till  they  likewise  disappear ;  and  in  this  man- 
ner all  the  stars  of  heaven  seem  to  have  a 
revolution,  distinct  from  their  diurnal,  from 
east  to  west,  which  is  accomplished  in  the 
course  of  a  year. 

The  different  positions  of  the  Pleiades,  or 
seven  stars,  at  different  seasons  of  the  year, 
will  afford  every  observer  an  opportunity  of 
perceiving  this  motion.  About  the  middle  of 
September  these  stars  will  be  seen,  about 
eight  o'clock  in  the  evening,  a  little  to  the 
south  of  the  north-east  point  of  the  horizon  ; 
about  the  middle  of  January,  at  the  same 
hour,  they  will  be  seen  on  the  meridian,  or 
due  south ;  on  the  first  of  March  they  will  be 
seen  half  way  between  the  zenith  and  the 
western  horizon;  about  the  middle  of  April 
they  will  appear  very  near  the  horizon  ;  soon 
after  which  they  will  be  overpowered  by  the 
solar  rays,  and  will  remain  invisible  for  nearly 
two  months,  after  which  they  will  reappear  in 
the  east,  early  in  the  morning,  before  the  ris- 
ing sun. 

This  annual  motion  of  the  stars  evidently 
indicates  that  the  sun  has  an  apparent  mo- 
tion every  day  from  west  to  east,  contrary  to 
his  apparent  diurnal  motion,  which  is  from 
east  to  west.  This  apparent  motion  is  at  the 
rate  of  nearly  a  degree  every  day,  a  space 
nearly  equal  to  twice  the  sun's  apparent 
diameter.  In  this  way  the  sun  appears  to  de- 
scribe a  circle  around  the  whole  heavens,  from 
west  to  cast,  in  the  course  of  a  year.  This 
apparent  motion  of  the  sun  is  caused  by  the 
annual  revolution  of  the  earth  around  the 
sun  as  the  centre  of  its  motion,  which  com- 
pletely accounts  for  all  the  apparent  move- 
ments in  the  sun  and  stars  to  which  we  have 
now  adverted.  If  we  place  a  candle  upon  a 
table  in  the  midst  of  a  room,  and  walk  round 
it  in  a  circle,  and,  as  we  proceed,  mark  the 
different  parts  of  the  opposite  walls  with 
which  the  candle  appears  coincident,  when 
we  have  completed  our  circle  the  candle  will 
appear  to  have  made  a  revolution  round  the 
room.  If  the  walls  be  conceived  to  represent 
the  starry  heavens,  and  the  candle  the  sun,  it 
will  convey  a  rude  idea  of  the  apparent  mo- 
tion of  the  sun,  and  the  different  clusters  of 
stars  which  appear  at  different  seasons  of  the 
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year  in  consequence  of  the  annual  motion  of 
the  earth.  But  tins  subject  will  be  more  par- 
ticularly  explained  in  the  sequel. 

From  what  we  have  now  stated  in  relation 
to  the  apparent  motions  of  the  heavens,  we 
are  necessarily  led  to  conceive  of  the  earth  as 
a  body,  placed,  as  it  were,  in  the  midst  of  in- 
finite space,  and  surrounded  in  every  direc- 
tion, above,  below,  on  the  right  hand  and 
on  the  left,  with  the  luminaries  of  heaven, 
which  display  their  radiance  from  every  quar- 
ter at  immeasurable  distances;  and  that  its 
annual  and  diurnal  motions  account  for  all 
the  movements  which  appear  in  the  celestial 
sphere.  Hence  it  is  a  necessary  conclusion, 
that  we  are  surrounded  at  all  times  with  a 
host  of  stars,  in  the  daytime  as  well  as  in 
the  night,  although  they  are  then  imper- 
ceptible. The  reason  why  they  are  invisible 
during  the  day  is  obviously  that  their  fainter 
light  is  overpowered  by  the  more  vivid  splen- 
dour of  the  sun  and  the  reflective  power  of 
the  atmosphere.  But  although  they  are  then 
imperceptible  to  the  unassisted  eye,  they  can 
be  distinctly  perceived,  not  only  in  the  morn- 
ings and  evenings,  but  even  at  noonday,  while 
the  sun  is  shining  bright,  by  means  of  tele- 
scopes adapted  to  an  equatorial  motion  ;  and 
in  this  way  almost  every  star  visible  to  the 
naked  eye  at  night  can  be  pointed  out,  even 
amid  the  effulgence  of  day,  when  it  is  within 
the  boundary  of  our  hemisphere.  When  the 
stars  which  appear  in  our  sky  at  night  have, 
in  consequence  of  the  rotation  of  the  earth, 
passed  from  our  view,  in  about  twelve  hours 
afterward  they  will  make  their  appearance 
nearly  in  the  same  manner  to  those  who  live 
on  the  opposite  side  of  the  globe ;  and  when 
they  have  cheered  the  inhabitants  of  those 
places  with  their  radiance,  they  will  again  re- 
turn to  adorn  our  nocturnal  sky. 

On  the  whole,  the  starry  heavens  present, 
even  to  the  vulgar  eye,  a  scene  of  grandeur 
and  magnificence.  We  know  not  the  par- 
ticular destination  of  each  of  those  luminous 
globes  which  emit  their  radiance  to  us  from 
afar,  or  the  specific  ends  it  is  intended  to  sub- 
serve in  the  station  which  it  occupies,  though 
we  cannot  doubt  that  all  of  them  answer  pur- 
poses in  the  Creator's  plan  worthy  of  his  per- 
fections and  of  their  magnitude  and  grandeur ; 
but  we  are  certain  that  they  have,  at  least,  a 
remote  relation  to  man,  as  well  as  to  other 
beings  far  removed  from  us,  in  the  decorations 
they  throw  around  his  earthly  mansion.  They 
serve  as  a  glorious  ceiling  to  his  habitation. 
Like  so  many  thousand  sparkling  lustres,  they 
are  hung  up  in  the  magnificent  canopy  which 
covers  his  abode.  He  perceives  them  shining 
and  glittering  on  every  hand,  and  the  dark 
azure  which  surrounds  them  contributes  to 
augment  their  splendour.  The  variety  of 
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lustre  which  appears  in  every  star,  from  those 
of  the  sixth  magnitude  to  those  of  the  first, 
and  the  multifarious  figures  of  the  different 
constellations,  present  a  scene  as  diversified  as 
it  is  brilliant.  What  are  all  the  decorations 
of  a  Vauxhall  Garden,  with  its  thousands  of 
variegated  lamps,  compared  with  ten  thou- 
sands of  suns,  diffusing  their  beams  over  our 
habitation  from  regions  of  space  immeasurably 
distant  ]  A  mere  gewgaw  in  comparison ; 
and  yet  there  are  thousands  who  eagerly  flock 
to  such  gaudy  shows  who  have  never  spent 
an  hour  in  contemplating  the  glories  of  the 
firmament,  which  may  be  beheld  "  without 
money  and  without  price."  That  man  who 
has  never  looked  up  with  serious  attention  to 
the  motions  and  arrangements  of  the  heavenly 
orbs  must  be  inspired  with  but  a  slender  de- 
gree of  reverence  for  the  Almighty  Creator, 
and  devoid  of  taste  <br  enjoying  the  beautiful 
and  the  sublime. 

The  stars  not  only  adorn  the  roof  of  our 
sublunary  mansion,  but  they  are  also  in  many 
respects  useful  to  man.  Their  influences 
are  placid  and  gentle.  Their  rays,  being  dis- 
persed through  spaces  so  vast  and  immense, 
are  entirely  destitute  of  heat  by  the  time  they 
arrive  at  our  abode ;  so  that  we  enjoy  the  view 
of  a  more  numerous  assemblage  of  luminous 
globes  without  any  danger  of  their  destroying 
the  coolness  of  the  night  or  the  quiet  of  our 
repose.  They  serve  to  guide  the  traveller 
both  by  sea  and  land ;  they  direct  the  naviga- 
tor in  tracing  his  course  from  one  continent 
to  another  through  the  pathless  ocean.  They 
serve  "  for  signs  and  for  seasons,  and  for  days 
and  years."  They  direct  the  labours  of  the 
husbandman,  and  determine  the  return  and 
conclusion  of  the  season.  They  serve  as  a 
magnificent  "  timepiece"  to  determine  the  tvue 
length  of  the  day  and  of  the  year,  and  to 
mark  with  accuracy  all  their  subordinate  divi- 
sions. They  assist  us  in  our  commerce,  and 
in  endeavouring  to  propagate  religion  among 
the  nations,  by  showing  us  our  path  to  every 
region  of  the  earth.  They  have  enabled  us 
to  measure  the  circumference  of  the  globe, 
to  ascertain  ^he  density  of  the  materials  of 
which  it  is  composed,  and  to  determine  the 
exact  position  of  all  places  upon  its  surface. 
They  cheer  the  long  nights  of  several  months 
in  the  polar  regions,  which  woulcL^therwise 
be  overspread  with  impenetrable  darkness. 
Above  all,  they  open  a  prospect  into  the  re- 
gions of  other  worlds,  and  tend  to  amplify 
our  views  of  that  Almighty  Being  who  brought 
them  into  existence  by  his  power,  and  "  whose 
kingdom  ruleth  over  all."  In  these  arrange- 
ments of  the  stars  in  reference  to  our  globe, 
the  Divine  wisdom  and  goodness  may  be 
clearly  perceived.  We  enjoy  all  the  advan- 
tages to  which  we  have  alluded  as  much  as  if 


the  stars  had  been  created  solely  for  the  use 
of  our  world,  while,  at  the  same  time,  they 
serve  to  diversify  the  nocturnal  sky  of  other 
planets,  and  to  diffuse  their  light  and  influence 
over  ten  thousands  of  other  worlds  with 
which  they  are  more  immediately  connected ; 
so  that,  in  this  respect,  as  well  as  in  every 
other,  the  Almighty  produces  the  most  sub- 
lime and  diversified  effects  by  means  the  most 
simple  and  economical,  and  renders  every 
part  of  the  universe  subservient  to  another, 
and  to  the  good  of  the  whole. 

Before  proceeding  further,  it  may  be  expedient 
to  explain  the  measures  by  which  astrono- 
mers estimate  the  apparent  distances  between 
any  two  points  of  the  heavens.  Every  circle 
is  supposed  to  be  divided  into  360  equal  parts. 
A  circle  which  surrounds  the  concavity  of  the 
heavens,  as  that  which  surrounds  an  artificial 
globe,  is  divided  into  the  same  number  of 
parts.  The  number  360  is  entirely  arbitrary, 
and  any  other  number,  had  mathematicians 
chosen,  might  have  been  fixed  upon :  and 
hence  the  French,  in  their  measures  of  the 
circle,  divide  it  into  400  equal  parts  or  de- 
grees ;  each  degree  into  100  minutes,  and 
each  minute  into  100  seconds.  The  reason 
why  the  number  360  appears  to  have  been 
selected  is,  that  this  number  may  be  divided 
into  halves,  quarters,  and  eighths,  without  a 
fraction  ;  and,  perhaps,  because  the  year  was, 
in  former  times,  supposed  to  contain  about 
360  days.  Each  degree  is  divided  into  sixty 
minutes,  each  minute  into  sixty  seconds,  each 
second  into  sixty  thirds,  &c.  'Degrees  are 
marked  thus,  °  ;  minute, '  ;  seconds, ff ;  thirds, 
'".  Thus  the  obliquity  of  the  ecliptic  for 
January  1st,  1836,  was  twenty-three  degrees, 
twenty-seven  minutes,  forty-two  seconds, 
which  are  thus  expressed,  23°  27'  42". 

It  may  not  be  improper  to  remark,  that 
when  we  state  the  number  of  degrees  between 
two  objects,  either  on  the  earth  or  in  the 
heavens,  it  is  not  intented  to  express  the  real 
distance,  but  only  the  relative  or  apparent 
distance  of  the  objects.  Thus,  when  we  say 
that  two  places  on  the  earth,  which  lie  direct- 
ly north  and  south  of  each  other,  are  twenty 
degrees  distant,  it  does  not  convey  an  idea  of 
the  actual  distance  of  these  places  from  each 
other,  but  only  what  proportion  of  the  earth's 
circumference  intervenes  between  them.  If, 
however,  we  know  the  number  of  yards  or 
miles  contained  in  that  circumference,  or  in  a 
single  degree  of  it,  we  can  then  find  the  actual 
distance,  by  multiplying  the  number  of  de- 
grees by  the  number  of  miles  in  a  degree. 
But  this  supposes  that  the  extent  of  a  degree 
on  the  earth's  surface  has  been  measured,  and 
the  number  of  yards  or  miles  it  contains  ascer- 
tained. In  like  manner,  when  we  say  that 
two  stars  in  the  heavens  are  fifteen  degrees 
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from  each  other,  this  merely  expresses  their 
relative  position,  or  what  portion  of  a  great 
circle  of  the  celestial  sphere  intervenes  between 
them,  but  determines  nothing  as  to  their  real 
distance,  which  is  far  surpassing  our  compre- 
hension. The  real  magnitude  of  objects  or 
spaces  in  the  heavens  depends  upon  their  dis- 
tance. Thus,  the  apparent  breadth  or  diame- 
ter of  the  moon  is  about  half  a  degree,  or 
nearly  thirty -two  minutes,  and  that  of  the  sun 
nearly  the  same ;  but  as  the  moon  is  much 
nearer  to  us  than  the  sun,  a  minute  of  a 
degree  on  her  surface  is  equal  only  to  about 
seventy  miles,  while  a  minute  on  the  sun's 
surface  is  equal  to  more  than  28,000  miles, 
which  is  four  hundred  times  greater.  The 
greatest  apparent  diameter  of  Saturn  is  twenty 
seconds,  or  one  third  of  a  minute  the  greatest 
diameter  of  Venus  is  fifty-eight  seconds,  or 
nearly  a  minute  ;  but  as  Saturn  is  much  fur- 
ther from  us  than  Venus,  his  real  diameter  is 
79,000  miles,  while  that  of  Venus  is  only 
7,700.  Before  the  real  diameter  of  any  ob- 
ject in  the  heavens  can  be  determined,  its  dis- 
tance must  be  first  ascertained. 

Those  who  have  never  been  in  the  practice 
of  applying  angular  instruments  to  the  heavens 
may  aquire  a  tolerably  correct  idea  of  the  ex- 
tent of  space  which  is  expressed  by  any  num- 
'  her  of  degrees  by  considering  that  the  apparent 
diameters  of  the  sun  and  moon  are  about  half 
a  degree  ,•  that  the  distance  between  the  two 
pointers  in  the  Great  Bear  is  about  five  de- 
grees ;  that  the  distance  between  the  pole-star 
and  the  nearest  pointer  is  twenty -nine  degrees  ; 
that  the  distance  between  the  Pleiades  and 
the  ruddy  star  Aldebaran,  which  lies  to  the 


eastward  of  these  stars,  is  fourteen  degrees ; 
that  the  distance  between  Castor  and  Pollux 
is  five  degrees ;  and  the  distance  between  Bel» 
latrix  and  Betelguese,  the  stars  in  the  right 
and  left  shoulder  of  Orion,  is  eight  degrees. 
Perhaps  the  most  definite  measure  for  a  com- 
mon observer  is  that  which  is  to  be  found  iu 
the  three  stars  in  a  straight  line  which  form 
the  belt  of  Orion,  which  are  known  to  every 
one,  and  which  are  distinguished  in  England 
by  the  name  of  the  Three  Kings,  or  the -Ell 
and  Yard,  and  in  Scotland  by  "  The  Lady's 
Elwand"  The  line  which  unites  these  three 
stars  measures  exactly  three  degrees,  and,  con- 
sequently, there  is  just  one  and  a  half  degree 
between  the  central  star  and  the  one  on  each 
side  of  it.  By  applying  this  rule  or  yard  to 
any  of  the  spaces  of  the  firmament,  the  num- 
ber of  degrees  which  intervenes  between  any 
two  objects  may  be  nearly  ascertained.  Orion 
is  the  most  striking  and  splendid  of  all  the 
constellations ;  and  as  the  equator  runs  through 
the  middle  of  it,  it  is  visible  from  all  the  habit- 
able parts  of  the  globe.  About  the  middle 
of  January  it  is  nearly  due  south  at  nine 
o'clock  in  the  evening. 

I  have  been  somewhat  particular  in  the 
above  sketches  of  the  apparent  motions  and 
phenomena  of  the  heavens,  because  such  de- 
scriptions are  seldom  or  never  given  in  element- 
ary treatises ;  because  I  wish  every  lover  of 
the  science  of  astronomy  to  contemplate  with 
his  own  eyes  the  scenery  of  the  sky;  and  be- 
cause such  views  and  observations  of  the 
general  aspect  of  the  heavens  are  necessary 
in  order  to  understand  the  true  system  of  the 
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On  the  general  arrangement  of  the  Planetary  System. 


WHEX  we  take  an  attentive  view  of  the 
nocturnal  heavens  at  different  periods,  we 
find  that  the  stars  never  shift  their  positions 
with  respect  to  each  other.  The  stars,  for 
instance,  that  form  the  constellation  of  Orion, 
preserve  the  same  relative  positions  to  each 
other  every  succeeding  day,  and  month,  and 
year.  They  exhibit  the  same  general  figure 
which  they  presented  in  the  days  of  our 
fathers,  and  even  in  the  times  of  Amos  and 
of  Job.  We  never  see  the  three  stars  in  the 
belt,  which  Job  calls  "  the  bands  of  Orion," 
move  nearer  to,  or  farther  from,  each  other. 
We  never  see  the  pointers  in  the  Great  Bear 
directed  on  any  other  line  than  towards  the 
pole-star,  nor  do  we  see  Aldebaran  to  the 
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north  or  south,  or  to  the  west,  of  the  seven 
stars ;  and  the  same  may  be  said,  with  two  or 
three  exceptions,  in  regard  to  all  the  stars  in 
the  heavens,  which  preserve  invariably  the 
same  general  relations  to  each  other  from  one 
year  and  century  to  another.  Hence  they 
have  been  denominated  fixed  stars.  But  when 
an  attentive  observer  surveys  the  heavens  with 
minuteness,  he  will  occasionally  perceive  some 
bodies  that  shift  their  positions.  When  the 
movements  of  these  bodies  are  carefully 
marked,  they  will  be  found  to  direct  their 
course  sometimes  to  the  east,  at  other  times 
to  the  west,  and  at  certain  times  to  remain  in 
a  fixed  position ;  but  on  the  whole,  their 
motion  is  generally  from  west  to  east.  Their 
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motion  is  perceived  by  their  appearing  some- 
times on  one  side  of  a  star  arid  sometimes  on 
another.  They  appear  to  partake  of  the  ge- 
neral diurnal  motion  of  the  heavens,  and  rise 
and  set  with  the  stars  to  which  they  are  adja- 
cent. These  bodies  have  received  the  name 
of  planets,  that  is  wandering  stars  ,•  and,  in- 
deed, were  their  real  motions  such  as  they 
appear  to  a  common  observer,  the  name  would 
be  exceedingly  appropriate.  For  their  appa- 
rent motions  are  in  many  instances  exceed- 
ingly irregular ;  and,  were  they  delineated  on 
paper,  or  attempted  to  be  exhibited  by  machi- 
nery, they  would  appear  an  almost  inextricable 
maze.  Ten  bodies  of  this  description  have 
been  discovered  in  the  heavens,  five  of  which 
are  invisible  to  the  naked  eye,  and  can  only 
be  perceived  by  means  of  telescopes.  •  They 
were,  of  course,  unknown  to  the  ancients. 
The  names  of  the  five  which  have  been  known 
in  all  ages  are,  Mercury,  Venus,  Mars,  Jupiter, 
and  Saturn.  The  names  of  the  other  five, 
which  have  been  discovered  within  the  last 
sixty  years,  are,  Vesta,  Juno,  Ceres,  Pallas, 
and  Uranus,  or  Herschel. 

It  was  long  before  the  true  magnitudes  and 
real  motions  of  these  globes  were  fully  ascer- 
tained. Most  of  the  ancient  astronomers  sup- 
posed that  the  earth  was  a  quiescent  body  in 
the  centre  of  the  universe,  and  that  the  planets 
revolved  around  it  in  so  many  different  heavens, 
which  were  nearly  concentric,  and  raised  one 
above  another  in  a  certain  order.  The  first  or 
lowest  sphere  was  the  Moon,  then  Mercury, 
and,  next  in  order,  Venus,  the  Sun,  Mars, 
Jupiter,  Saturn,  and  then  the  sphere  of  the 
fixed  stars.  They  found  it  no  easy  matter  to 
reconcile  the  daily  motion,  which  carries  the 
stars  from  east  to  west,  with  another  peculiar 
and  slow  motion,  which  carries  them  round 
the  poles  of  the  ecliptic,  and  from  west  to  east, 
in  the  period  of  25,000  years ;  and,  at  the  same 
time,  with  a  third  motion,  which  carries  them 
along  from  cast  to  west  in  a  year,  around  the 
poles  of  the  ecliptic.  They  were  no  less  at  a 
loss  how  to  reconcile  the  annual  and  daily 
motions  of  the  sun,  which  are  directly  contrary 
to  each  other.  An  additional  difficulty  was 
found  in  the  particular  course  pursued  by  each 
individual  planet.  It  required  no  little  inge- 
nuity to  invent  celestial  machinery  to  account 
for  all  the  variety  of  motions  which  appeared 
among  the  heavenly  orbs.  After  the  first 
mobiles,  or  powers  of  motion,  they  placed 
some  very  large  heavens  of  solid  crystal, 
which,  by  rolling  one  over  another,  and  by  a 
mutual  and  violent  clashing,  communicated 
to  each  other  the  universal  motion  received 
from  the  primum  mobile,  or  first  mover ; 
while,  by  a  contrary  motion,  they  resisted  this 
general  impression,  and,  by  degrees,  carried 
away,  each  alter  its  own  manner,  the  planet 


for  the  service  of  which  it  was  designed. 
These  heavens  were  conceived  to  be  solid  f 
otherwise  the  upper  ones  could  have  had  no 
influence  on  the  lower  to  make  them  perform 
their  daily  motion,  and  they  behooved  to  be 
of  the  finest  crystal,  because  the  light  of  the 
stars  could  not  otherwise  penetrate  the  thick- 
ness of  these  arches  applied  one  over  another, 
nor  reach  our  eyes.  Above  the  sphere  of  the 
fixed  stars  were  placed  the  first  and  second 
crystalline  heavens,  and  above  these  the  pri- 
mum* mobile,  which  carried  round  all  the 
subordinate  spheres.  They  imagined  that  the 
primum  mobile  was  circumscribed  by  the 
empyreal  heaven,  of  a  cubic  form,  which  they 
supposed  to  be  the  blessed  abode  of  departed 
souls.  Some  astronomers  were  contented  with 
seven  or  eight  different  spheres,  while  others 
imagined  no  less  than  seventy  of  them 
wrapped  up  one  within  another,  and  all  in 
separate  motions.  They  no  sooner  discovered 
some  new  motion  or  effect,  formerly  unknown, 
that  they  immediately  set  to  work  and  patched 
up  a  new  sphere,  giving  it  such  motions  and 
directions  as  were  deemed  requisite.  Cycles, 
epicycles,  deferents,  centric  and  eccentric 
circles,  solid  spheres,  and  other  celestial 
machinery,  were  all  employed  to  solve  the  in- 
tricate motions  of  the  heavens,  which  seemed 
to  baffle  all  the  efforts  of  human  ingenuity. 
After  their  system  was  supposed  to  be  com- 
pleted, new  anomalies  were  detected,  which 
required  new  pieces  of  machinery  to  be  applied 
to  solve  appearances.  But  after  all  the  in- 
genuity displayed  in  their  patchings  and  re- 
patchings,  the  celestial  spheres  could  never 
be  got  to  move  onward  in  harmony,  and 
in  accordance  with  the  phenomena  of  the 
heavens.* 

It  would  be  no  easy  task  to  describe  how 
their  epicycles  could  be  made  to  move  through 
the  thick  crusts  of  crystal  of  which  their 
spheres  were  made.  They,  however,  found 
some  means  or  other  to  extricate  themselves 
from  every  difficulty,  as  they  always  had 
recourse  to  geometrical  lines,  which  never 
found  any  obstacle  to  their  passage  on  paper. 
To  make  all  the  pieces  of  their  machinery 
move  with  as  much  smoothness  and  as  little 
inconsistency  as  possible,  they  were  forced  to 
delineate  certain  furrows,  or  to  notch  on  the 
arches  certain  grooves,  in  which  they  jointed 
and  made  the  tenons  and  mortises  of  their 
epicycles  to  slide.  All  this  celestial  joiner's 
work,  to  which  succeeding  astronomers  added 
several  pieces  to  produce  balancings,  or  per- 
petual goings  backward  and  forward,  had  no 
other  tendency  lhan  to  conceal  the  sublime 
and  beautiful  simplicity  of  nature,  and  to  pre- 
vent mankind,  for  many  ages,  from  recognizing 
the  true  system  of  the  world.  With  all  their 

*  See  La  Pluche's  "  Spectacle  de  la.  Nature." 
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cumbrous  and  complicated  machinery,  they 
never  could  account  for  the  motions  and  other 
phenomena  of  Mercury  and  Venus,  and  the 
different  apparent  magnitudes  which  the 
planets  present  in  different  parts  of  their 
orbits.  Without  admitting  the  motion  of  the 
earth,  it  would  surpass  the  wisdom  of  an 
angel,  on  any  rational  principles,  to  solve  the 
phenomena  of  the  heavens.  This  is  the  sys- 
tem which  has  been  denominated  the  Ptole- 
maic, from  Ptolemy,  an  astronomer  in  Egypt, 
who  first  gave  a  particular  explanation  of  its 
details ;  but  it  is  understood  to  have  been 
received  by  the  ancient  Greek  philosophers, 
except  the  Pythagoreans.  It  was  supported 
by  Aristotle,  who  wrote  against  the  motion 
of  the  earth ;  and  as  the  authority  of  this 
philosopher  was  thought  sufficient  to  establish 
the  opinion  of  the  earth  being  a  quiescent 
body,  it  was  generally  received  by  the  learned 
in  Europe  till  the  sixteenth  century,  or  a  little 
after  the  period  of  the  Reformation.  This  is 
the  system  to  which  almost  all  our  theological 
writers,  even  of  the  seventeenth  century,  uni- 
formly refer,  when  alluding  to  the  heavenly 
bodies  and  to  the  general  frame  of  the  world ; 
and,  in  consequence  of  admitting  so  absurd 
and  untenable  a  theory,  their  reflections  and 
remarks  in  reference  to  the  objects  of  the 
visible  world,  and  many  of  their  comments 
on  scripture,  are  frequently  injudicious  and 
puerile,  and,  in  many  instances,  worse  than 
useless.  That  such  a  clumsy  and  bungling 
system  was  so  long  in  vogue,  is  a  disgrace  to 
the  ages  in  which  it  prevailed,  and  shows  that 
even  the  learned  were  more  prone  to  frame 
hypotheses  and  to  submit  to  the  authority  of 
Aristotle,  than  to  follow  the  path  of  observa- 
tion, and  to  contemplate  with  their  own  eyes 
the  phenomena  of  the  universe.  To  suppose 
that  the  Architect  of  nature  was  the  author 
of  such  a  complex  and  clumsy  piece  of  ma- 
chinery  was  little  short  of  a  libel  on  his  per- 
fections, and  a  virtual  denial  of  his  infinite 
wisdom  and  intelligence. 

"Oh  how  unlike  the  complex  works  of  man, 
Heaven's  ensy,  artless,  unencumber'd  plan!" 

From  this  brief  sketch  of  the  Ptolemaic  sys- 
tem, we  may  learn  into  how  many  absurdities 
we  involve  ourselves  by  the  denial  of  a  single 
important  fact  and  the  admission  of  a  single 
false  principle;  and  the  importance  of  sub- 
stantiating every  fact  and  proving  every  prin- 
ciple in  all  our  investigations  of  the  system 
of  nature  and  the  order  of  the  universe. 

The  first  among  the  moderns  who  had  the 
boldness  to  assail  the  ancient  system  which 
had  so  long  prevailed  was  the  famous  Nico- 
laus  Copernicus,  who  was  born  at  Thorn,  in 
Polish  Prussia,  in  1472,  and  died  at  Worms, 
where  he  had  been  made  a  canon  of  the 
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church  by  his  mother's  brother,  who  wan 
bishop  of  that  place.  His  attention  was  early 
directed  to  the  sciences  of  mathematics  and 
astronomy.  Having  travelled  into  Italy  for 
the  purpose  of  enlarging  his  knowledge  on 
such  subjects,  he  remained  some  time  at 
Belogna  with  Dominicus  Maria,  an  eminent 
professor  of  astronomy,  and  afterward  went 
to  Rome,  where  he  soon  acquired  so  great  a 
reputation  that  he  was  chosen  professor  of 
mathematics,  which  he  taught  for  a  long  time 
with  great  applause.  At  the  same  time  he 
was  unwearied  in  making  celestial  observa- 
tions. Returning  to  his  own  country,  he 
began  to  apply  his  vast  knowledge  in  mathe- 
matics to  correct  the  system  of  astronomy 
which  then  prevailed.  Having  applied  him- 
self with  assiduity  to  the  study  of  the  heavens, 
he  soon  perceived  that  the  hypothesis  of  the 
ancient  astronomers  was  conformable  neither 
to  harmony,  uniformity,  nor  reason.  With  a 
bold  independent  spirit,  and  a  daring  hand, 
he  dashed  the  crystalline  spheres  of  Ptolemy 
to  pieces,  swept  away  his  cycles,  epicycles, 
and  deferents,  stopped  the  rapid  whirl  of  the 
primum  mobile,  fixed  the  sun  in  the  centre 
of  the  planetary  orbs,  removed  the  earth  from 
its  quiescent  state,  and  set  it  in  motion  through 
the  ethereal  void  along  with  the  other  planets, 
and  thus  introduced  simplicity  and  harmony 
into  the  system  of  the  universe.  But  such  a 
bold  attack  on  ancient  systems,  which  had 
been  so  long  venerated,  could  not  be  made 
without  danger.  Even  the  learned  set  them- 
selves in  opposition  to  such  bold  innovations 
in  philosophy;  the  vulgar  considered  such 
doctrines  as  chimeras,  contrary  to  the  evidence 
of  their  senses,  and  allied  to  the  ravings  of  a 
maniac ;  and  the  church  thundered  its  anathe- 
mas against  all  such  opinions  as  most  dan- 
gerous heresies.  When  only  about  thirty-five 
years  of  age,  Copernicus  wrote  his  book  "  On 
the  Revolution  of  the  Celestial  Orbs ;"  but, 
fearing  the  obloquy  and  persecution  to  which 
his  opinions  might  expose  him,  he  withheld 
its  publication,  and  communicated  his  views - 
only  to  a  few  friends.  For  more  than  thirty 
years  he  postponed  the  publishing  of  this 
celebrated  work,  in  which  his  system  is  de- 
monstrated ;  and  it  was  with  the  utmost  diffi- 
culty, even  in  the  latter  part  of  his  life,  that 
he  could  be  prevailed  upon  to  usher  it  into 
the  world.  Overcome,  at  length,  by  the  im- 
portunity of  his  friends,  he  put  the  work  in 
order,  and  dedicated  it  to  Pope  Paul  III. ;  in 
which  dedication,  not  to  shock  received  pre- 
judices, he  presented  his  system  under  the 
form  of  a  hypothesis.  "Astronomers,"  said 
he,  "being  permitted  to  imagine  circles  to 
explain  the  motion  of  the  stars,  I  thought 
myself  equally  entitled  to  examine  if  the  sup- 
position of  the  motion  of  the  earth  would 
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render  the  theory  of  these  appearances  more 
exact  and  simple."  The  work  was  printed  at 
Nuremberg  at  the  expense  of  his  friends,  who 
wrote  a  preface  to  it,  in  order  to  palliate,  as 
much  as  possible,  so  extraordinary  an  innova- 
tion. But  its  immortal  author  did  not  live 
to  behold  the  success  of  his  work.  He  was 
attacked  by  a  bloody  flux,  which  was  suc- 
ceeded by  a  palsy  in  his  left  side ;  and  only 
a  few  hours  before  he  breathed  his  last  he 
received  a  copy  of  his  work,  which  had  been 
sent  him  by  one  of  his  scientific  friends.  But 
he  had  then  other  cases  upon  his  mind,  and 
composedly  resigned  his  soul  to  God  on  the 
23d  of  May,  1543,  in  the  seventy-first  year 
of  his  age.  His  remains  were  deposited  in 
the  cathedral  of  Frauenberg;  and  spheres  cut 
in  relief  on  his  tomb  were  the  only  epitaph 
that  recorded  his  labours.  Not  many  years 
ago  his  bones  were  wantonly  carried  off  to 
gratify  the  impious  curiosity  of  two  Polish 
travellers.*  « 

The  system  broached  by  Copernicus,  not- 
withstanding much  opposition,  soon  made  its 
way  among  the  learned  in  Europe.  It  was 
afterwards  powerfully  supported  by  the  ob- 
servations and  reasonings  of  Galileo,  Kepler, 
Halley,  Newton,  La  Place,  and  other  cele- 
brated philosophers,  and  now  rests  on  a  foun- 
dation firm  and  immutable  as  the  laws  of  the 
universe.  The  introduction  of  this  system 
may  be  considered  an  era  as  important  in 
philosophy  as  that  of  the  Reformation  was  in 
politics  and  religion.  It  had  even  a  bearing 
upon  the  progress  of  religion  itself,  and  upon 
the  views  we  ought  to  take  of  the  character 
and  operations  of  the  ereat  Creator.  It  paved 
the  way  for  a  rational  contemplation  of  his 
works,  and  for  all  those  brilliant  discoveries  in 
the  celestial  regions  which  have  expanded  our 
views  of  his  adorable  perfections,  and  of  the 
boundless  extent  of  his  universal  empire.  It 
was  promulgated  nearly  at  the  same  period 
when  the  superstitions  of  the  dark  ages  were 
beginning  to  be  dissipated ;  when  the  power 
of  the  Romish  church  had  lost  its  ascendency ; 
when  the  art  of  printing  had  begun  to  illumi- 
nate the  world  ;  when  the  mariner's  compass 
was  applied  to  the  art  of  navigation ;  when 
the  western  contjnent  was  discovered  by 
Columbus ;  and  when  knowledge  was  begin- 
ning to  diffuse  its  benign  influence  over  the 
nations ;  and,  therefore,  it  may  be  considered 
as  connected  with  that  series  of  events  which 
are  destined,  in  the  moral  government  of  God, 
to  enlighten  and  renovate  the  world. 

I  shall  now  proceed  to  consider  the  arrange- 
ment of  the  planetary  or  Copernican  system, 

*  A  fac-simile  of  one  of  the  loiters  of  Copernicus 
may  be  seen  in  No.  IX.  of  the  "  Edinburgh  Philo- 
sophical Journal"  for  July,  1821 ;  and  an  engraving 
of  the  house  in  which  he  lived  in  No.  XIII.  of  the 
same  Journal  for  July,  1823. 


and  some  of  the  arguments  by  which  it  is 
supported. 

In  this  system  the  sun  is  considered  as 
placed  near  the  centre.  Around  this  central 
luminary  the  planets  perform  their  revolutions 
in  the  following  order : — First,  the  planet 
Mercury,  at  the  distance  from  the  sun's  centre 
of  about  37  millions  of  miles.  Next  to  Mer- 
cury is  Venus,  distinguished  by  the  name  of 
the  morning  and  evening  star,  at  the  distance 
of  31  millions  of  miles  from  the  orbit  of  Mer- 
cury, and  68  millions  from  the  sun.  The 
Earth  is  considered  as  the  planet  next  in 
order,  which  revolves  at  the  distance  of  95 
millions  of  miles  from  the  sun,  and  27  millions 
from  the  orbit  of  Venus.  Farther  from  the 
sun  than  the  Earth  is  the  planet  Mars,  which 
is  145  millions  of  miles  from  the  sun,  and  50 
millions  beyond  the  orbit  of  the  Earth.  Next 
to  the  orbit  of  Mars  are  four  small  planetary- 
bodies,  sometimes  named  Asteroids,  which 
were  discovered  at  different  times  about  the 
beginning  of  the  present  century.  They  are 
named  Vesta,  Juno,  Ceres,  and  Pallas.  Of 
these,  the  first  in  order  from  the  sun  is  Vesta, 
at  the  distance  of  225  millions  of  miles ;  the 
next,  Juno,  at  the  distance  of  253  millions. 
Ceres,  at  260  millions;  and  Pallas,  at  266 
millions  of  miles.  The  planet  Jupiter  is  the 
next  in  order,  and  performs  its  revolution  in 
an  orbit  495  millions  of  miles  from  the  sun, 
and  400  from  the  orbit  of  the  earth.  Saturn 
is  nearly  double  the  distance  of  Jupiter  from 
the  sun,  being  distant  from  that  orb  above  900 
millions  of  miles.  The  most  distant  planet  in 
the  system  which  has  yet  been  discovered  is 
Uranus,  or  Herschel,  which  is  removed  from 
the  sun  at  more  than  double  the  distance  of 
Saturn  ;  namely,  above  1800  millions  of  miles. 
The  orbit  of  this  planet  includes  the  orbits  of 
the  whole  of  the  bodies  of  the  solar  system 
that  have  hitherto  been  discovered,  and  is 
eleven  thousand  three  hundred  millions  of 
miles  in  circumference,  and  three  thousand 
six  hundred  millions  in  diameter.  To  move 
round  this  circumference  at  the  rate  of  thirty 
miles  every  hour  would  require  above  forty- 
two  thousand  nine  hundred  years.  Such  ia 
the  order,  and  such  are  the  ample  dimensions 
of  that  system  of  which  we  form  a  part ;  and 
yet  it  is  but  a  mere  speck  in  the  map  of  the 
universe.  The  following  diagram  exhibits 
the  order  of  the  planets  in  thevgolar  system. 

In  the  following  figure  the  small  central  star 
represents  the  sun,  and  the  circles  represent  the 
orbits  of  Mercury,  Venus,  the  Earth,  Mars, 
Vesta,  Juno,  Ceres,  Pallas,  Jupiter,  Saturn, 
and  Uranus,  in  the  order  here  enumerated. 
The  orbits  of  the  new  planets,  Vesta,  Juno,  Ce- 
res, and  Pallas,  are  represented  as  crossing  each 
other,  as  they  do  in  nature ;  and  the  portion 
of  a  long  ellipse  which  crosses  the  orbits  o» 
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Fig.  5. 


cert  with  other  planets,  are,  1.  It  is  most 
simple  and  agreeable  to  the  general  arrange- 
ments of  the  Creator  Jhat  such  an  order 
as  we  have  now  stated  should  exist  in  the 
planetary  system.  For,  by  the  motion  of  the 
earth,  all  the  phenomena  of  the  heavens  are 
resolved  and  completely  accounted  for,  which 
they  cannot  be  on  any  other  system,  without 
the  supposition  of  clumsy  and  complex  machi- 
nery and  motions  altogether  repugnant  to  rea- 
son and  to  what  we  know  of  the  other  opera- 
tions of  the  all-wise  Creator.  Besides,  it  is 
contrary  to  the  first  rule  laid  down  in  philoso- 
phy— "  That  more  causes  of  natural  things 
are  not  to  be  admitted  than  are  both  true  and 
sufficient  to  explain  the  phenomena."  But 
the  Ptolemaic,  or  vulgar  system  of  the  world, 
assumes  the  existence  of  facts  which  can 
never  be  established,  and  introduces  cumbrous 
and  complicated  motions  which  arc  quite  un- 
necessary for  explaining  the  phenomena. 
2.  Because  it  is  more  rational  to  suppose  that 
the  earth  moves  about  the  sun,  than  that  the 
huge  masses  of  the  planets,  some  of  which 
are  a  thousand  times  larger  than  our  globe — 
or  that  the  stupendous  body  of  the  sun,  which 
is  thirteen  hundred  thousand  times  greater — 
should  perform  a  revolution  around  so  com- 
paratively small  a  globe  as  the  earth.  To 
suppose  the  contrary,  would  be  repugnant  to 
all  the  laws  of  motion  that  are  known  to  ex- 
ist in  the  universe.  We  might  as  well  ex- 
pect that  a  sling,  which  contains  a  millstone 
in  it,  may  be  fastened  to  a  pebble,  and  continue 
its  motion  about  that  pebble  without  removing 
it,  as  that  the  sun  can  revolve  about  the  earth 
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all  the  planets  represents  the  orbit 
of  a  comet.  The  proportional  dis- 
tances and  magnitudes  of  the  planets 
are  represented  in  a  subsequent 
chapter. 

I  shall  now  proceed  to  offer  a  few 
arguments  or  demonstrations  of  the 
truth  of  the  solar  system,  as  first 
proposed  by  Copernicus,  and  now 
received  by  all  astronomers.  I  shall 
first  state  those  which  may  be  called 
presumptive  arguments,  or  which 
amount  to  a  high  degree  of  proba- 
bility, and  then  briefly  illustrate 
those  which  I  consider  as  demon- 
strative. Having  already  endea- 
voured to  prove  the  diurnal  rotation 
of  the  earth,  I  shall  consider  that 
point  as  settled,  and  confine  myself, 
at  present,  to  the  consideration  of 
the  earth's  annual  revolution,  and 
the  phenomena  of  the  planets  which 
result  from  this  motion. 

The  presumptive  arguments  that 
the  earth  is  a  planetary  body,  and 
revolves  round  the  sun  in  con- 
while  the  earth  continues  immovable  in  the 
centre  of  that  motion. 

3.  It  was  a  law  discovered  by  Kepler,  by 
which  all  the  planets,  both  primary  and  se- 
condary, are  regulated,  "  That  the  squares  of 
the  periodic  times  of  the  planets'  revolutions 
are  as  the  cubes  of  their  distances  ;"*  but,  if 
the  sun  move  around  the  earth,  that  law, 
which  is  established  on  the  most  accurate  ob- 
servations, is  completely  destroyed,  and  the 
general  order  and  symmetry  of  the  system  of 
nature  are  infringed  upon  and  interrupted. 
For,  according  to  that  law,  the  sun  would  be 
so  far  from  revolving  about  the  earth  in  365 
days,  that  it  would  require  no  less  than  589 
years  to  accomplish  one  revolution,  as  will 
appear  from  the  following  calculation :  The 
moon  revolves  round  the  earth  in  twenty- seven 
days  eight  hours,  at  the  distance  of  240,000 
miles ;  the  sun  is  placed  at  the  distance  of 
95,000,000  miles.  The  period  of  the  revolu- 
tion of  any  body  revolving  at  that  distance 
will  be  found,  according  to  the  law  now  stated, 
by  the  following  proportion :  As  the  cube  of 
the  moon's  distance  :  is  to  the  cube  of  the 
sun's  distance  :  :  so  is  the  square  of  the 
moon's  period  :  to  the  square  of  the  period  of 
any  body  moving  about  the  earth  at  the  dis- 
tance of  the  sun.  Now,  the  cube  of  the 

*  For  example  ;  if  one  planet  were  four  times 
as  distant  as  another,  it  would  revolve  in  a  period 
eight  times  as  long  ;  for  the  cube  of  4=o'4  is  equal 
to  the  square  of  8.  Thus  Mars  is  about  four  times 
as  remote  from  the  sun  as  Mercury,  and  Uranus 
four  times  as  remote  as  Jupiter,  and  their  periods 
of  revolution  correspond  to  this  proportion  of  their 
distances.  This  argument,  when  properly  under- 
stood, is  demonstrative. 
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moon's  distance,  240,000,  is  13,824,000,000 
000,000  ;  the  cube  of  the  sun's  distance,  95, 
000,000,  is  857,375,000,000,000,000,000,000. 
The  square  of  the  moon's  periodical  time, 
twenty-seven  days  eight  hours,  is  747,  which, 
multiplied  by  the  cube  of  the  sun's  distance, 
and  divided  by  the  cube  of  the  moon's  distance, 
is  46,329,508,463,  the  square  root  of  which 
is  215,242  days,  or  589  years  and  257  days. 
This  calculation  is  of  itself  sufficient  to  deter- 
mine the  point  in  question,  for  there  is  no  ex- 
ception known  to  the  law  we  have  stated. 
Besides,  did  the  sun  observe  this  universal 
law,  and  yet  revolve  in  365  days,  his  distance 
ought  to  be  only  about  1,351,000  miles, 
whereas  it  can  be  shown  that  it  is  about  95, 
000,000.  Foi,  as  the  square  of  the  moon's 
period,  747  :  is  te  the  square  of  the  sun's,  365 
X365=  133,225 ::  so  is  the  cube  of  the 
moon's  distance  from  the  earth  13,824,000, 
000,000,000  :  to  2,465,465,050,240,963,855, 
the  cube  root  of  which  is  1,351,295,  or  one 
million,  three  hundred  and  fifty-one  thousand, 
two  hundred  and  ninety-five  miles,  which 
should  be  the  sun's  distance  if  he  revolved 
about  the  earth  in  accordance  with  this  uni- 
versal law,  which  governs  every  moving  body, 
both  primary  and  secondary.* 

4.  It  appears  most  reasonable  to  conclude 
that  the  sun  is  placed  near  the  centre  of  the 
planetary  system,  as  it  is  the  fountain  of  light 
and  heat  for  cheering  and  irradiating  all  the 
worlds  within  the  sphere  of  its  influence  ;  and 
it  is  from  the  centre  alone  that  these  emana- 
tions can  be  distributed,  in  uniform  and  equa- 
ble proportions  to  all  the  planets.  If  the  earth 
were  in  the  centre,  with  the  sun  and  planets 
revolving  around  it,  the  planetary  worlds 
would  be,  at  different  times,  at  very  different 
distances  from  the  sun ;  and,  when  nearest  to 
him,  would  be  scorched  with  excessive  heat, 
and  at  their  greatest  distance  would  be  frozen 
with  excessive  cold  ;  and  as  some  of  the  plan- 
ets would,  on  this  supposition,  be  sometimes 
five  times  the  distance  from  the  source  of  light 
and  heat  which  they  are  at  other  times,  it 
would  produce  the  same  effect  as  if  the  earth 
were  occasionally  to  be  carried  beyond  the  orbit 
of  Jupiter,  four  hundred  and  seventy  millions  of 
miles  from  its  present  position.  But  if  the  sun 
be  considered  as  placed  in  the  centre  of  the 
system,  we  have  then  presented  to  our  view  a 
system  of  universal  harmony  and  order :  the 
planets  all  revolving  around  the  great  central 
orb  by  the  universal  law  or  power  of  gravita- 
tion, and  every  thing  corresponding  to  the 
laws  of  circular  motion  and  central  forces ; 
otherwise  we  are  left  entirely  in  the  dark  as  to 

*  The  primary  planets  are  those  which  revolve 
about  the  sun  as  their  centre,  as  Venus.  Mars,  and 
Jupiter.  The  secondary  planets  are  those  which 
r«votre  around  the  primary,  as  the  moons  of  Jupi- 
ter, S:iVuri),  and  Uranus. 
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the  operations  of  nature  and  the  system  of  the 
universe. 

There  is  no  more  difficulty  in  conceiving 
the  earth  to  move  than  that  it  should  remain 
quiescent  in  the  same  place.  For  if.  the  earth 
remain  at  rest  in  the  centre  of  the  system,  it 
is  supported  upon  nothing,  in  the  midst  of 
infinite  space,  by  the  power  of  Omnipotence  : 
and  we  have  as  little  conception  how  a  ponde- 
rous globe  of  the  size  of  the  earth  should  re- 
main suspended  upon  nothing,  as  that  it 
should  move  through  the  voids  of  space  with 
a  velocity  of  sixty-eight  thousand  miles  an 
hour.  The  Power  that  is  able  to  suspend  it 
in  empty  space  can  as  easily  make  it  fly 
through  the  ethereal  regions,  as  is  the  case 
with  Jupiter  and  Saturn,  which  are  globes  a 
thousand  times  larger ;  and  such  a  motion  is 
necessary  in  order  to  display  the  harmony  and 
proportion  of  the  Creator's  works,  and  to  vin- 
dicate his  all-perfect  wisdom  and  intelligence. 
It  is  even  no  more  difficult  to  conceive  such  a 
motion  than  it  is  to  conceive  how  the  earth 
can  be  inhabited  all  around,  and  that  there  can 
be  no  such  thing  as  up  or  down  in  the  uni- 
verse, absolutely  considered ;  how,  for  exam- 
ple, persons  can  stand  upright  on  the  opposite 
sides  of  the  globe ;  that  our  antipodes,  stand- 
ing with  their  heads  in  an  opposite  direction 
to  ours  can  look  up  to  the  sky  and  down  to 
the  earth  just  as  we  do,  without  any  more 
danger  of  falling  off  from  its  surface  than  we 
are  in  of  being  carried  upward  into  the  air. 
These  are  circumstances  which  necessarily 
flow  from  the  rotundity  of  the  earth  and  its 
attractive  power ;  they  are  known  to  every  one, 
and  cannot  possibly  be  disputed,  unless  we 
deny  the  globular  form  of  the  earth,  or,  in 
other  words,  contradict  the  evidence  both  of 
our  reason  and  our  senses.  But  we  know  as 
little  of  that  power  which  draws  every  thing 
to  the  earth  on  all  sides,  as  we  do  of  a  power 
which  carries  a  planet  round  its  orbit  at  the 
rate  of  a  hundred  thousand  miles  an  hour. 
Both  are  effects  of  that  Almighty  agent  who 
contrived  the  universe,  "  who  is  wonderful  in 
counsel  and  excellent  in  working,"  and 
"  whose  ways,"  in  numerous  instances,  "  are 
past  finding  out."  But,  in  all  cases  where 
the  least  doubt  exists,  we  ought  to  adopt  that 
view  of  the  Creator's  plans  and  operations 
which  is  most  consistent  with  the  ideas  of  a 
Being  of  infinite  perfection. 

The  arguments  now  stated,  although  we 
could  produce  no  other,  would  be  sufficient  to 
corroborate  the  idea  that  the  earth  is  a  plane- 
tary body,  performing  its  motion  through  the 
depths  of  space  ;  but,  happily,  we  are  able  to 
produce  proofs  of  the  sun  occupying  the  centre 
of  the  system,  which  may  be  considered  as 
demonstrative.  Those  proofs  I  shall  now  state 
as  briefly  as  possible. 
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1.  In  the  first  place,  the  planets  Mercury 
and  Venus  are  uniformly  observed  to  have 
two  conjunctions  with  the  sun,  but  no  oppo- 
sition, which  could  not  possibly  happen  unless 
the  orbits  of  those  planets  lay  within  the  orbit 
of  the  earth,  as  delineated  in  the  plan  of  the 
solar  system.  Tin's  circumstance  will  be  more 
particularly  understood  by  the  following  dia- 
gram. 

Fig.  6. 


Let  <S  represent  the  sun  in  the  centre  of  the 
system ;  M,  Mercury ;  V,  Venus ;  E,  Earth ; 
and  G,  Mars.  It  is  evident,  that  when  Mer- 
cury is  at  M  and  Venus  at  V,  they  will  be 
seen  from  the  earth,  .E,  in  the  same  part  of  the 
heavens  as  the  sun ;  namely,  at  B,  where 
Mars  is  represented ;  because  they  are  all 
situated  in  the  same  straight  line,  E  B.  In 
this  position  they  are  between  the  sun  and  the 
earth,  and  this  is  called  their  inferior  con  junc- 
tion. Again,  when  Mercury  and  Venus  come 
to  the  situations  H,  K,  they  are  again  in  the 
straight  line  joining  the  centres  of  the  earth 
and  sun,  and  are  therefore  seen  in  the  same 
part  of  the  heavens  with  that  orb.  In  these 
last  positions  they  are  beyond  the  sun,  which 
is  now  between  them  and  the  earth.  This  is 
called  their  superior  conjunction.  Here  it  is 
evident  that  these  two  planets  must  appear 
twice  in  conjunction  with  the  sun,  in  each 
revolution,  to  a  spectator  on  the  earth  at  E ; 
but  they  can  never  appear  in  opposition  to 
the  Bun,  or,  in  other  words,  they  can  never  be 
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seen  in  the  east  immediately  after  the  sun  hat 
set  in  the  west,  as  is  the  case  with  Mars, 
which  may  be  seen  at  G  when  the  sun  appears 
at  B,  in  the  opposite  direction ;  all  which  ap- 
pearances are  exactly  correspondent  with  ob- 
servation, but  could  never  take  place  if  the 
earth  were  the  centre  of  their  motions. 

2.  The  greatest  elongation  or  distance  of 
Mercury  from  the  sun  is  twenty-nine  degrees, 
and  that  of  Venus  about  forty-seven  degrees, 
which  answers  exactly  to  observation,  and  to 
the  positions  and  distances  assigned  to  them 
in  the  system  ;  but  if  they  moved  round  the 
earth  as  a  centre,  they  would  sometimes  be 
seen  180  degrees  from  the  sun,  or  in  opposi- 
tion to  him.     But  they  have  never  been  seen 
in  such  a  position  by  any  observer,  either  in 
ancient  or  modern  times,  nor  at  greater  dis- 
tances from  the  sun  than  those  now  specified. 
It  is  evident,  from  the  figure,  that  when  Venus 
is  at  D,  the  point  of  its  greatest  elongation,  it 
will  be  seen  at  a,  in  the  direction  of  E  a,  which 
forms  an  angle  of  forty-seven  degrees  with  the 
line  E  B,   or  the  direction  of   the  sun   as 
seen  from  the  earth.     In  like  manner  Mer- 
cury, when  at  its  greatest  elongation,  at  R, 
will  be  seen  at  e,  which  forms  a  less  angle 
than  the  former  with  the  line  of  direction  in 
which  the  sun  is  seen.     Hence  it  is  that  Mer- 
cury is  so  rarely  seen,  and  Venus  only  at  cer- 
tain times  of  the   year  ;  whereas,  were   the 
earth  at  rest  in  the  centre  of  the  planetary 
orbits,  these  planets  would  be  seen  in  all  posi- 
tions and  distances  from  the  sun  in  the  same 
manner  as  the  moon  appears. 

3.  The  planets  Mars,  Jupiter,  Saturn,  Ura- 
nus, and  all  the  other  superior  planets,  have 
each  their  conjunctions  and  oppositions  to  the 
sun,  alternate  and  successively,  which  could 
not  be  unless  their  orbits  were  exterior  to  the 
orbit  of  the  earth.     Thus,  from  the  earth  at 
E  Mars  will  appear  in  conjunction  with  the 
sun  at  B  and  in  opposition  at  G ;  that  is,  in 
a  part  of  the  heavens  180  degrees  distant  from 
the  sun,  or  directly  opposite  to  him  ;  and  the 
same  is  the  case  with  all  the  planets  beyond 
the  orbit  of  Mars,  which  proves  that  they  are 
all  situated  in  orbits  which  include  the  orbit 
of  the  earth. 

4.  In  the  arrangements  of  the  planets  in  the 
system,   as  formerly  stated,  they  will  all  be 
sometimes  much  nearer  to  the  earth  than  at 
other  times ;  and,  consequently,  their  bright- 
ness and  splendour,  and  likewise  their  appa- 
rent diameters,  will  be  proportion  ably  greater 
at  one  time  than  at  another.  This  corresponds 
with  every  day's  observation.     Thus  the  ap- 
parent diameter  of  Venus,  when  greatest,  is 
fifty-eight  seconds,  and  when  least,  about  ten 
seconds ;  of  Mars,  when  greatest  about  twenty- 
five  seconds,  and  when  least,  not  f.bcvo  /esr 
or  five  seconds ;  so  that  in  one  pare  01"  1'iitf 
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orbit  he  is  five  times  nearer  to  the  earth  than 
at  the  opposite  part,  and,  consequently,  ap- 
pears twenty-five  times  larger  in  surface. 
Thus,  when  Mars  is  in  the  point  G,  in  oppo- 
sition to  the  sun,  he  is  the  whole  diameter  of 
the  earth's  orbit,  or  190  millions  of  miles 
nearer  us  than  when  he  is  in  conjunction,  in 
the  point  B.  In  the  one  case  he  is  only  50 
millions  of  miles  distant  from  the  earth,  while 
in  the  other  he  is  no  less  than  240  millions  of 
miles ;  and  his  apparent  magnitude  varies  ac- 
cordingly. But,  according  to  the  system  which 
places  the  earth  in  the  centre,  the  apparent 
magnitude  of  Mars,  and  of  nil  the  other 
planets,  should  always  be  equal,  in  whatever 
points  of  their  orbits  they  may  be  situated. 

5.  When  the  planets  are  viewed  through 
good  telescopes,  they  appear  with  different 
phases ;  that  is,  with  different  parts  of  their 
bodies  enlightened.  Thus,  Mars  sometimes 
appears  round,  or  with  a  full  enlightened  face  ; 
and  at  other  times  he  presents  a  gibbous 
phase,  like  that  of  the  moon  three  or  four  days 
before  the  full.  Venus  presents  all  the  differ- 
ent phases  of  the  moon,  appearing  sometimes 
with  a  gibbous  phase,  sometimes  like  a  half 
moon,  and  at  other  times  like  a  slender  cre- 
scent. Thus,  at  V,  her  dark  side  is  turned  to 
the  earth,  and  she  is  consequently  invisible, 
unless  she  happens  to  pass  across  the  disk  of 
the  sun,  when  she  appears  like  a  round  black 
spot  on  the  surface  of  that  luminary.  At  D 
she  appears  like  a  crescent ;  at  A  like  a  half 
moon,  because  only  the  one  half  of  her  en- 
lightened side  is  turned  towards  the  earth  ; 
and  at  F  she  presents  a  gibbous  phase.  When 
Copernicus  first  proposed  his  system,  it  was 
one  of  the  strongest  objections  which  his  ad- 
versaries brought  against  it,  and  by  which 
they  supposed  they  had  completely  confuted 
him ;  namely,  that  "  if  his  hypothesis  were 
true,  Venus  and  Mercury  must  vary  their 
phases  like  the  moon,  but  that  they  constantly 
appeared  round."  Copernicus  at  once  admit- 
ted that  these  consequences  were  justly  drawn ; 
and  he  attributed  the  cause  of  their  round  ap- 
pearances to  the  structure  of  our  eyes,  to  the 
distance  of  the  objects,  and  to  those  radiating 
crowns  which  hinder  us  from  judging  either 
of  the  size  or  the  exact  form  of  the  stars  and 
planets ;  and  he  is  said  to  have  prophesied 
that  one  day  or  other  these  various  phases 
would  be  discovered  ;  and  little  more  than  half 
a  century  intervened,  when  the  telescope 
(which  was  unknown  in  the  time  of  Coperni- 
cus), in  the  hands  of  Galileo,  determined  to  a 
certainty  the  matter  in  dispute,  and  confirmed 
the  prediction  of  that  eminent  astronomer. 
How  great,  may  we  suppose,  would  have  been 
the  transport  of  that  illustrious  man  had  a 
telescope  been  put  into  his  hands,  and  had  he 
seen,  as  we  now  do,  that  Venus,  when  she 


appears  most  brilliant,  exhibits,  in  reality,  the 
form  of  a  crescent !  so  that  this  formidable 
objection  to  the  truth  of  his  system  has  now 
become  one  of  the  strongest  and  most  palpable 
demonstrations  of  the  reality  of  that  arrange- 
ment which  has  placed  the  sun  in  the  centre, 
and  set  the  earth  in  motion  between  Mars  and 
Venus. 

6.  All  the  planets  in  their  motions  are  seen 
sometimes  to  move  direct  ,•  sometimes  retro- 
grade ;  and  at  other  times  to  remain  station- 
ary, without  any  apparent  motion :  in  other 
words^n  one  part  of  their  course  they  appear 
to  move  to  the  east,-  in  another  part  to  the 
west ;  and  at  certain  points  of  their  orbit  they 
appear  fixed  for  some  time  in  the  same  posi- 
tion.    Thus,  Venus,  when  she  passes  from 
her  greatest  elongation  westward,  at  L,  to  her 
elongation  eastward,  at  D,  through  the  arch 
L  C  K  F  A  D,  will  appear  direct  in  motion, 
of  from  west  to  east ;  but  as  she  passes  from 
D  to  L,  through  the  arch  D  V  L,  she  will 
appear  retrograde,  or  as  if  she  were  moving 
from  east  to  west.     When   she  is  in  those 
parts  of  her  orbit  most  distant  from  the  sun,  as 
at  D  and  L,  she  will  appear  for  some  time  sta- 
tionary, because  the  tangent  line  or  visual  ray 
appears  to  coincide  for  some  time  with  the 
orbit  of  the  planet;  just  as  a  ship  at  a  great 
distance,  when  moving  directly  towards  the 
eye  in  the  line  of  vision,  appears  for  a  little 
time  to  make  no  progress.     All  these  apparent 
diversities  of  motion  are  necessary  results  of 
the    Copernican   system,   and   they  coincide 
with  the  most  accurate  observations ;  but  they 
are  altogether  inexplicable  on  any  other  hy- 
pothesis. 

7.  The   planets   Mercury  and  Venus,  in 
their  superior  conjunctions  with  the  sun,  as  at 
H  and  K,  are  sometimes  hid  behind  the  sun's 
body ;    which   could   never   happen   on   the 
Ptolemaic  hypothesis,  because  in  it  the  orbit 
of  the  sun  is  supposed  to  be  exterior  to  the 
orbits  of  these  two  planets. 

8.  The  times  in  which  these  conjunctions, 
oppositions,  direct  and  retrograde  motions,  and 
stationary  aspects  of  the  planets  happen,  are 
not  such  as  they  would  be  if  the  earth  were 
at  rest  in  its  orbit ;  but  precisely  such  if  the 
earth  move,  and  all  the  other  planets  in  the 
periods  assigned  them.    Thus,  suppose  Venus 
at  any  time  in  conjunction  with  the  sun  at  V\ 
were  the  earth  at  rest  in  E,  the  next  conjunc- 
tion of  the  same  kind  would  happen  again 
when  Venus  had  made  just  one  revolution, 
that  is,  in  224  days.     But  this  is  contrary  to 
experience ;  for  a  much  longer  time  is  found 
to  intervene  between  two  conjunctions  of  the 
same  kind,  as  must  be  if  we  suppose  the  ea^th 
to  have  a  motion  in  the  same  direction.    For, 
when  Venus  comes  to  the  point  V,  the  earth 
will  have  passed  in  that  time  from  E  to  some 
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other  part  of  its  orbit,  and  from  this  part  still  Cassini,  and  published  in  the  Memoirs  of  the 
keeps  moving  on  till  Venus  overtakes  it,  and  Royal  Academy  of  Sciences.  Here  the  mo- 
gets  again  between  it  and  the  sun.  The  tion  of  this  planet  appears  to  describe  a  corn- 
period  which  Venus  will  take  before  she  over-  plicated  curve,  or  a  series  of  loops  or  spirals 
takes  the  earth  and  comes  in  conjunction  with  running  into  each  other,  instead  of  a  regular 
the  sun,  is  found  as  follows :  The  daily  mean  circular  motion  in  an  orbit ;  and  such  irregu- 
motiou  of  the  earth  is  fifty-nine  minutes  eight  lar  curves  must  be  the  real  motion  of  the 
seconds  (which  is  the  same  as  the  apparent  planet,  to  account  for  all  its  appearances,  if 
mean  motion  of  the  sun),  and  the  daily  mean  the  earth  were  considered  as  remaining  "fixed 
motion  of  Venus  is  one  degree,  thirty-six  in  the 'centre  of  its  motion.  On  each  side  of 
minutes,  eight  seconds.  The  difference  of  the  loops  in  the  figure  it  appears  stationary ; 
these  mean  motions  is  thirty-seven  minutes,  in  that  part  of  the  loop  next  the  earth  it  ap- 
Therefore,  as  37' :  is  to  the  number  of  mi-  pears  retrograde ;  and  in  all  the  rest  of  the 
nutes  in  the  whole  circle  of  360  degrees,  path,  which  seems  to  stretch  far  away  from 
namely,  21600' : :  so  is  one  day :  to  583  days,  the  earth,  it  appears  direct,  till  its  course  again 
18  5-4  hours,  which  is  the  time  between  two  appears  to  run  into  a  loop.  Let  the  reader 
conjunctions  of  the  same  kind,  or  one  year  trace  the  whole  of  the  curve  here  delineated, 
and  a  little  more  than  seven  months,  which  is  and  then  ask  himself  whether  such  motions 
somewhat  more  than  two  and  a  half  revolu-  can  possibly  be  real,  or  the  contrivances  of 
tions  of  Venus,  and  which  perfectly  agrees  Infinite  Wisdom.  The  motions  of  Venus, 
with  the  most  accurate  observations.  •  and  of  all  the  superior  planets,  as  seen  from 

In  the  last  place,  if  we  were  to  suppose  the  the  earth,  present  similar  curves  and  anoma- 
earth  at  rest  in  the  centre  of  the  planetary  lies.  Now  it  is  a  fact,  that  when  the  earth  is 
Kystem,  the  motions  of  all  the  planets  would  considered  as  moving  round  the  sun  in  a  year, 
present  a  scene  of  inextricable  confusion,  between  the  orbits  of  Venus  and  Mars,  all 
They  would  appear  so  irregular  and  anoma-  these  apparent  irregularities  are  completely 
lous  that  no  rational  being  would  ever  sup-  accounted  for  by  the  combination  of  motions 
pose  they  could  be  the  contrivances  of  an  produced  by  our  continual  change  of  position, 
all-wise  Being,  possessed  of  every  perfection,  in  consequence  of  the  earth's  progress  in  its 
This  will  appear  at  once  by  casting  the  eye  annual  orbit ;  and  thus  the  movements  of  all 
on  Fig.  7,  which  represents  the  apparent  mo-  the  planets  are  reduced  to  perfect  harmony 
tion  of  the  planet  Mercury,  as  seen  from  the  and  order. 

earth,  from  the  year  1708  to  1715,  as  origi-        Such  is  a  brief  summary  of  the  leading 
nally  delineated  by  the  celebrated  astronomer    proofs  which  may  be  brought  forward  to  esta- 
blish the  fact  of  the  annual  motion  of  the  earth 
Fig.  7.  round  the  sun.     They  all  converge  towards 

the  same  point,  and  hang 
together  in  perfect  harmony. 
It  is  next  to  impossible  that 
euch  a  combination  of  ar- 
guments could  be  found  to 
prove  a  false  position.  When 
thoroughly  understood  and 
calmly  considered,  they  are 
calculated  to  produce  on  the 
mind  of  every  unbiassed  in- 
quirer as  strong  a  conviction 
of  the  point  in  question,  as 
if,  from  a  fixed  position  in 
the  heavens,  we  actually  be- 
held the  earth  and  all  its 
population  sweeping  along 
through  the  ethereal  spaces 
/.$  with  the  velocity  of  sixty- 
T  eight  thousand  miles  every 
hour.  These  arguments  are 
plain  and  easy  to  be  under- 
stood if  the  least  attention 
be  bestowed.  Most  of  them 
require  nothing  more  than 
common  observation,  or,  in 
other  words,  common  sense, 
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in  order  to  understand  and  appreciate  them ; 
and  he  who  will  not  give  himself  the  trouble 
to  weigh  them  witli  attention  must  be  con- 
tented to  remain  in  ignorance.  I  have  stated 
them  with  more-  particularity  than  is  generally 
done  in  elementary  books  on  this  subject,  be- 
cause they  lie  at  the  foundation  of  astronomi- 
cal science,  and  of  all  our  views  of  the  ampli- 
tude and  order  of  the  universe  :  and  because 
many  profess  to  believe  in  the  motion  of  the 
earth  merely  on  the  authority  of  others,  with- 
out examining  the  grounds  of  their  belief,  and, 
consequently,  are  never  fully  and  rationally 
convinced  of  the  important  position  to  which 
we  have  adverted. 

The  motion  of  the  earth  presents  before  us 
a  most  sublime  end  august  object  of  contem- 
plation. We  wonder  at  beholding  a  steam 
carnage,  with  all  its  apparatus  of  wagons  and 
passengers,  carried  forward  on  a  railway  at 
the  rate  of  thirty  miles  an  hour,  or  a  balloon 
sweeping  through  the  atmosphere  with  a  velo- 
city of  sixty  miles  in  the  same  time.  Our 
admiration  would  be  raised  still  higher,  should 
we  behold  Mount  Etna,  with  its  seventy  cities, 
towns,  and  villages,  and  its  hundred  thousand 
inhabitants,  detached  from  its  foundations, 
carried  aloft  through  the  air,  pouring  forth 
torrents  of  red-hot  lava,  and  impelled  to  the 
continent  of  America  in  the  space  of  half  an 
hour.  But  such  an  object,  grand  and  as- 
tonishing as  it  would  be,  could  convey  no 
adequate  idea  of  the  grandeur  of  such  a  body 
as  the  earth  flying  through  the  voids  of  space 
in  its  course  round  the-sun.  Mount  Etna,  in- 
deed, contains  a  mass  of  matter  equal  to  more 
than  800  cubical  miles,  but  the  earth  com- 
prises an  extent  of  more  that  263,000,000,000 
of  solid  miles,  and,  consequently,  is  more  than 
three  hundred  millions  of  times  larger  than 
Etna,  and  of  a  much  greater  density.  The 
comparative  size  of  this  mountain  to  the  earth 
may  be  apprehended  by  conceiving  three  hun- 
dred millions  of  guineas  laid  in  a  straight  line, 
which  would  extend  4700  miles,  or  from  Lon- 
don to  the  equator  or  to  South  America.  The 
whole  line  of  guineas  throughout  this  vast 
extent  would  represent  the  bulk  of  the  earth, 
and  a  single  guinea,  which  is  only  about  an 
inch  in  extent,  would  represent  the  size  of 
Etna  compared  with  that  of  the  earth.  Again : 
Etna,  in  moving  from  its  present  situation  to 
America  in  half  an  hour,  would  move  only 
at  the  rate  of  130  miles  in  a  minute;  while 
the  earth  in  its  annual  course  flies  with  a 


velocity  of  more  than  1130  miles  in  the 
same  space  of  time,  or  about  nine  times  that 
velocity. 

How  august,  then,  and  overpowering  the 
idea,  that  during  every  pulse  that  beats  within 
us  we  are  carried  nearly  twenty  miles  from 
that  portion  of  absolute  space  we  occupied 
before !  that  during  the  seven  hours  we  re- 
pose in  sleep,  we,  and  all  the  inhabitants  of 
the  world,  are  transported  470,000  miles 
through  the  depths  of  space ;  that  during  the 
time  it  would  take  to  read  deliberately  from 
the  beginning  of  the  last  paragraph  to  the 
present  sentence  we  have  been  carried  forward 
with  the  earth's  motion  more  than  4500  miles ; 
and  that,  in  the  course  of  the  few  minutes  we 
spend  in  walking  a  mile,  we  are  conveyed 
through  a  portion  of  absolute  space  to  the  ex- 
tent of  more  than  18,000  miles.  What  an 
astonishing  idea  does  such  a  motion  convey 
of  the  ENERGIES  of  the  Almighty  Creator, 
especially  when  we  consider  that  thousands 
of  rolling  worlds,  some  of  them  immensely 
larger  than  our  globe,  are  impelled  with  simi- 
lar velocities,  and  have,  for  many  centuries 
past,  been  running  without  intermission  their 
destined  rounds  !  Here,  then,  we  have  a  mag- 
nificent scene  presented  to  view,  far  more 
wonderful  than  all  the  enchanted  palaces 
rising  and  vanishing  at  the  stroke  of  the  ma- 
gician's rod,  or  all  the  scenes  which  the 
human  imagination  has  ever  created,  or  the 
tales  of  romance  have  recorded,  which  may 
serve  to  occupy  our  mental  contemplation 
when  we  feel  ennui,  or  are  at  a  loss  for  sub- 
jects of  amusement  or  reflection.  We  may 
view  in  imagination  this  ponderous  globe 
on  which  we  reside,  with  all  its  load  of  con- 
tinents, islands,  oceans,  and  its  millions  of 
population,  wheeling  its  course  through  the 
heavens  at  a  rate  of  motion,  every  day,  ex- 
ceeding 1,600,000  miles;  we  may  transport 
ourselves  to  distant  regions,  and  contemplate 
globes  far*  more  magnificent,  moving  with 
similar  or  even  greater  velocities ;  we  may 
wing  our  flight  to  the  starry  firmament,  where 
worlds  unnumbered  run  their  ample  rounds, 
where  suns  revolve  around  suns,  and  systema 
around  systems,  around  the  throne  of  the 
Eternal ;  till,  overpowered  with  the  immensity 
of  space  and  motion,  we  fall  down  with  re- 
verence, and  worship  HTM  who  presides  over 
all  the  departments  of  universal  nature,  "  who 
created  all  worlds,  and  for  whose  pleasure 
they  are  and  were  created." 
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CHAPTER  III. 

On  the  Magnitudes,  Motions,  and  other  Phenomena  of  the  bodies  connected  with  the 

Solar  System. 


Iw  the  elucidation  of  this  subject  I  shall,  in 
the  first  place,  present  a  few  sketches  of  the 
magnitudes,  motions,  and  other  phenomena 
of  the  primary  planets  belonging  to  the  solar 
system.  These  planets,  as  formerly  stated, 
are,  Mercury,  Venus,  Mars,  Vesta,  Juno, 
Ceres,  Pallas,  Jupiter,  Saturn,  and  Uranus, 
which  are  here  mentioned  in  the  order  of  their 
distance  from  the  sun. 

In  this  order  I  shall  proceed  to  give  a  few 
descriptions  of  the  principal  facts  which  have 
been  ascertained  respecting  each  planet. 

I.    THE  PLANET  MERCURY. 

This  planet  is  the  nearest  to  the  sun  of  any 
that  have  yet  been  discovered,  although  a 
space  of  no  less  than  thirty -seven  millions  of 
miles  intervene  between  Mercury  and  the 
central  luminary.  Within  this  immense  space 
several  planets  may  revolve,  though  they  may 
never  be  detected  by  us,  on  account  of  their 
proximity  to  the  sun.  To  an  inhabitant  of 
Mercury,  such  planets,  if  any  exist,  may  be 
as  distinctly  visible  as  Venus  and  Mercury 
are  to  us ;  because  they  will  appear,  in  certain 
parts  of  their  course,  at  a  much  greater  elonga- 
tion from  the  sun  than  they  can  to  us.  This 
planet,  on  account  of  its  moving  in  the  neigh- 
bourhood of  the  sun,  is  seldom  noticed  by  a 
common  observer.  It  is  only  to  be  seen  by 
the  naked  eye  about  the  period  of  its  greatest 
elongation  from  the  sun,  which  is  sometimes 
only  about  16°  or  17°,  and  never  exceeds 
29°.  These  elongations  happen,  at  a/i  average, 
about  six  or  seven  times  every  year ;  about 
three  times  when  the  planet  is  eastward  of 
the  sun,  and  three  times  when  it  is  to  the 
westward.  This  planet,  therefore,  can  only 
be  seen  by  the  unassisted  eye  for  a  few  days 
about  these  periods,  either  in  the  morning  a 
little  before  sunrise,  or  in  the  evenings  a  little 
after  sunset.  As  it  is  sometimes  not  above 
16°,  even  at  its  greatest  elongation,  from  the 
point  of  sunrise  or  sunset,  ancj  is  likewise 
very  near  the  horizon,  it  is  sometimes  very 
difficult  to  distinguish  it  by  the  naked  eye, 
and  at  all  other  times  it  is  generally  imper- 
ceptible without  a  telescope.  It  is  said  that 
the  celebrated  astronomer  Copernicus  had 
never  an  opportunity  of  seeing  this  planet 
during  the  whole  course  of  his  life.  I  have 
seen  Mercury  three  or  four  times  with  the 
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naked  eye,  and  pretty  frequently  with  a  tele- 
scope. With  a  magnifying  power  of  150 
times  I  have  seen  it  about  the  time  of  its 
greatest  elongation,  more  than  half  an  hour 
after  sunrise,  when  it  appeared  like  a  small 
brilliant  half  moon ;  but  no  spots  could  be 
discovered  upon  it.  To  the  naked  eye,  when 
it  is  placed  in  a  favourable  position,  it  appears 
with  a  brilliant  white  light,  like  that  of  Venus, 
but  much  smaller  and  less  conspicuous.  The 
best  mode  of  detecting  it  is  by  means  of  an 
equatorial  telescope,  which,  by  a  slight  calcu- 
lation and  the  help  of  an  ephemeris,  may  be 
directed  to  the  precise  point  of  the  heavens 
where  it  is  situated.  The  most  favourable 
seasons  of  the  year  for  observing  it  are  when 
its  greatest  elongations  happen  in  the  month 
of  March  or  April,  and  in  August  or  Septem- 
ber. In  winter  it  is  not  easily  perceived,  on 
account  of  its  very  low  altitude  above  the 
horizon  at  sunrise  and  sunset ;  and  in  sum- 
mer, the  long  twilight  prevents  our  perception 
of  any  small  object  in  the  heavens.  From  the 
planets  Saturn  and  Uranus,  Mercury  would 
be  altogether  invisible,  being  completely  im- 
mersed in  the  splendour  of  the  solar  rays ;  so 
that  an  inhabitant  of  these  planets  would 
never  know  that  such  a  body  existed  in  the 
universe,  unless  he  should  happen  to  see  it 
when  it  passed,  like  a  small  dark  point,  across 
the  disk  of  the  sun. 

Mercury  revolves  around  the  sun  in  the 
space  of  eighty-seven  days  twenty -three  hours, 
which  is  the  length  of  its  year ;  but  the  time 
from  one  conjunction  to  the  same  conjunction 
again  is  about  116  days;  for  as  the  earth  has 
moved  about  a  fourth  part  of  its  revolution 
during  this  period,  it  requires  nearly  thirty 
days  for  Mercury  to  overtake  it,  so  as  to  be  in 
a  line  with  the  sun.  During  this  period  of 
about  116  days  it  passes  through  all  the 
phases  of  the  moon,  sometimes  presenting  a 
gibbous  phase,  sometimes  that  of  a  half  moon, 
and  at  other  times  the  form  of  a  crescent; 
which  phases  and  other  particulars  will  be 
more  particularly  explained  in  the  description 
I  shall  give  of  the  planet  Venus.  Mercury, 
at  different  times,  makes  a  transit  across  the 
sun's  disk  ;  and  as  its  dark  side  is  then  turned 
to  the  earth,  it  will  appear  like  a  round  spot 
upon  the  face  of  the  sun  ;  and  when  it  passes 
near  the  centre  of  the  sun  it  will  appear  for 
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the  space  of  from  five  to  seven  hours  on  the 
surface  of  that  orb.  Its  last  transit  happened 
on  the  7th  of  November,  1835,  which  was 
visible  in  the  United  States  of  America,  but 
not  in  Britain,  as  the  sun  was  set  before  its 
commencement.  The  next  transits,  to  the 
end  of  the  present  century,  are  as  follow  : 

hours,  minutes. 

1845,  May  8th 7  54  P.M. 

1848,  November  9th ..  1  38  P.M. 
1861,  November  12th  7  20  P.M. 
1868,  November  5th  ..6  44  A.M. 

1878,  May  6th 6  38  P.M. 

1 881,  November  8th..  0  40  A.M. 

1891,  May  10th 2  45  A.M. 

1894,  November  10th  6  17  P.M. 

The  time  stated  in  the  above  table  is  the 
mean  time  of  conjunction  at  Greenwich,  or 
nearly  the  middle  of  the  transit ;  so  that,  in 
whatever  part  of  the  world  the  sun  is  risen  at 
that  time,  the  transit  will  be  visible  if  no  clouds 
interpose.  The  next  two  transits,  in  1845 
and  1848,  will  be  partly  visible  in  Britain. 

Few  discoveries  have  been  made  on  the 
surface  of  this  planet  by  means  of  the  tele- 
scope, owing  to  the  dazzling  splendour  of  its 
rays,  which  prevents  the  telescope  from  pre- 
senting a  well  denned  image  of  its  disk ; 
owing,  likewise,  to  the  short  interval  during 
which  observations  can  be  made,  and  particu- 
larly to  its  proximity  to  the  horizon,  and  the 
undulating  vapours  through  which  it  is  then 
viewed.  That  unwearied  observer  of  the 
heavens,  Sir  William  Herschel,  although  he 
frequently  viewed  this  planet  with  magnifying 
powers  of  200  and  300  times,  could  perceive 
no  spots  or  any  other  phenomenon  on  its  disk 
from  which  any  conclusions  could  be  deduced 
respecting  its  peculiar  constitution  or  the 
period  of  its  rotation.  Mr.  Schroeter,  an  emi- 
nent German  astronomer,  however,  appears 
to  have  been  more  successful.  This  gentle- 
man has  long  been  a  careful  observer  of  the 
phenomena  of  the  planetary  system,  by  means 
of  telescopes  of  considerable  size,  and  has  con- 
tributed not  a  few  interesting  facts  to  astrono- 
mical science.  He  assures  us  that  he  has 
seen  not  only  spots,  but  even  mountains  on 
the  surface  of  Mercury,  and  that  he  succeeded 
in  ascertaining  the  altitude  of  two  of  these 
mountains.  One  of  them  he  found  to  be  little 
more  than  1000  toises  in  height,  or  about  an 
English  mile  and  372  yards.  The  other  mea- 
sured 8900  toises,  or  ten  miles  and  1378 
yards,  which  is  more  than  four  times  higher 
than  Mount  Etna  or  the  Peak  of  Teneriffe. 
The  highest  mountains  are  said  to  be  situated 
in  the  southern  hemisphere  of  this  planet. 
The  same  observer  informs  us,  that,  by  exam- 
ining the  variation  in  the  daily  appearance  of 


the  horns  or  cusps  of  this  planet,  when  it  ap- 
peared of  a  crescent  form,  he  found  the  period 
of  its  diurnal  rotation  round  its  axis  to  be 
twenty-four  hours,  five  minutes,  and  twenty- 
eight  seconds.     But  these  deductions  require 
still  to  be  confirmed  by  future  observations. 
The  light  or  the  intensity  of  solar  radiation 
which  falls  on  this  planet  is  nearly  seven  times 
greater  than  that  which  falls  upon  the  earth  ; 
for  the  proportion  of  their  distances  from  the 
sun  is  nearly  as  three  to  eight,  and  the  quan- 
tity of  light  diffused  from  a  luminous  body  is 
as  the  square  of  the  distance  from  that  body. 
The  square  of  3  is  9,  and  the  square  of  8,  64, 
which,  divided  by  9,  produces  a  quotient  of  7 
1-9,  which  nearly  expresses  the  intensity  of 
light  on  Mercury  compared  with  that  on  the 
earth.     Or,  more  accurately,  thus :  Mercury 
is  36,880,000  of  miles  from  the  sun,  the  square 
of  which  is  1,360,134,400,000,000  :  the  earth 
is   distant   95,000,000,  the   square  of  which 
is  9,025,000,000,000,000.     Divide  this    last 
square  by  the  first,  and  the  quotient  is  about 
6f ,  which  is  very  nearly  the  proportion  of 
light  on  this  planet.     As  the  apparent  diame- 
ter of  the  sun  is  likewise  in  proportion  to  the 
square  of  the  distance,  the  inhabitants  of  this 
planet  will  behold  in  their  sky  a  luminous  orb, 
giving  light  by  day,  nearly  seven  times  larger 
than  the  sun  appears  to  us  ;  and  every  object 
on  its  surface  will  be  illuminated  with  a  bril- 
liancy seven  times  greater  than  are  the  objects 
around  us  in  a  fine  summer's  day.     Such  a 
brilliancy  of  lustre  on  every  object  would  com- 
pletely dazzle  our  eyes  in  their  present  state 
of  organization  ;  but  in  every  such  case  we 
are  bound  to  believe  that  the  organs  of  vision 
of  the  inhabitants  of  any  world  are  exactly 
adapted  to  the  sphere  they  occupy  in  the  sys- 
tem to  which  they  belong.     Were  we  trans- 
ported to  such  a  luminous  world  as  Mercury, 
we  could  perceive  every  object  with  the  same 
ease  and  distinctness  we  now  do,  provided  the 
pupil  of  the  eye,  instead  of  being  one  eighth 
of  an  inch  in  diameter,  as  it  now  is,  were  con- 
tracted to  the  size  of  one  fiftieth  of  an  inch. 
In  consequence  of  the  splendour  which  is  re- 
flected from  every  object  on  this  planet,  it  is 
likely  that  the  whole  scenery  of  nature  will 
assume  a  most  glorious  and  magnificent  as- 
pect, and  that  the  colours  depicted  on  the  va- 
rious parts  of  the  scenery  of  that  world  will 
be  much  more  vivid  and  splendid  than  they 
appear  on  the  scenery  of  our  terrestrial  man- 
sion ;  and   since  it   appears  highly  probable 
that  there   are   elevated   mountains  on   this 
planet,  if  they  be  adorned  with  a  diversity  of 
colour,  and  of  rural  and  artificial  objects,  they 
must  present  to  the  beholder  a  most  beautiful, 
magnificent,  and  sublime    appearance.     The 
following  figures  will  present  to  the  eye  a 
comparative  view  of  the  apparent  size  of  the 
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sun,  as  beheld  from  Mercury  and  from  the 
earth. 


Fig.  8. 


While  the  intensity  of  the  solar  light  on 
this  planet  is  about  seven  times  greater  than 
on  the  earth,  the  light  on  the  surface  of  Ura- 
nus, the  most  distant  planet  of  the  system,  is 
360  times  less  than  that  on  the  earth  ;  for  the 
square  of  the  earth's  distance,  as  formerly 
stated,  is  9,025,000,000,000,000,  and  the 
square  of  the  distance  of  Uranus  from  the 
sun,  1,800,000,000,  of  miles,  is  3,240,000,- 
000,000,000,000,  which,  divided  by  the  for- 
mer  number,  gives  a  quotient  of  359  and  a 
fraction,  or,  in  round  numbers,  360  ;  the  num- 
ber of  times  that  the  light  on  the  earth  ex- 
ceeds that  on  Uranus.  Yet  we  find  that  the 
light  reflected  from  that  distant  planet,  after 
passing  1,800,000,000  of  miles  from  the  body 
of  the  sun,  and  returning  again  by  reflection 
1,700,000,000  of  miles  to  the  earth,  is  visible 
through  our  telescopes,  and  even  sometimes 
to  the  naked  eye.  Thus  it  appears  that  the 
intensity  of  light  at  the  two  extremes  of  the 
solar  system  is  in  the  proportion  of  2400  to 
1  ;  for  "360x6^=2400,  the  number  of  times 
that  the  quantity  of  light  on  Mercury  exceeds 
that  on  Uranus.  But  we  may  rest  assured, 
from  what  we  know  of  the  plans  of  Divine 
wisdom,  that  the  eyes  of  organic  intelligence, 
both  at  the  extremes  and  in  all  the  interme- 
diate spaces  of  the  system,  are  exactly  adapted 
to  the  sphere  they  occupy  and  the  quantity 
of  light  they  receive  from  the  central  luminary. 
In  regard  to  the  temperature  of  Mercury, 
if  the  intensity  of  heat  were  supposed  to  be 
governed  by  the  same  law  as  the  intensity  of 
light,  the  heat  in  this  planet  would,  of  course, 
be  nearly  seven  times  greater  than  on  the 
earth.  Supposing  the  average  temperature 
of  our  globe  to  be  fifty  degrees  of  Fahren- 
heit's thermometer,  the  average  temperature 
on  Mercury  would  be  333  degrees,  or  121  de- 
grees above  the  heat  of  boiling  water ;  a  de- 
gree of  heat  sufficient  to  melt  sulphur,  to  make 
nitrous  acid  boil,  and  to  dissipate  into  vapour 
every  volatile  compound.  But  we  have  no 
reason  to  conclude  that  the  degree  of  sensible 
heat  on  any  planet  is  in  an  inverse  proportion 
to  its  distance  from  the  sun.  We  have  in- 
•tances  of  the  contrary  on  our  own  globe.  On 
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the  top  of  the  highest  range  of  the  Andes,  hi 
South  America,  there  is  an  intense  cold  at  all 
times,  and  their  summits  are  covered  with  per- 
petual snows,  while  in  the  plains  immediately 
adjacent  the  inhabitants  feel  all  the  effects  of 
the  scorching  rays  of  a  tropical  sun.  The  sun, 
during  our   summer   in  the  northern  hemi- 
sphere, is  more  than  three  millions  of  miles 
further  from  us  than  in  winter  ;  and  although 
the  obliquity  of  his  rays  is  partly  the  cause  of 
the  cold  felt  in  winter  when  he  is  nearest  us, 
yet  it  is  not  the  only  cause  ;  for  we  find  thai 
fthe  cold  in  New  York  and  Pennsylvania  is 
more  i^ense  in  winter  than  in  Scotland,  al- 
though^ie  sun  rises  from  ten  to  sixteen  de- 
grees higher  above  the  horizon  in  the  former 
case  than  in  the  latter.    Besides,  we  find  that 
the  heat  of  summer   in  the  southern  hemi- 
sphere, when  the  sun  is  nearest  to  the  earth,  is 
not  so  great  as  in  the  summer  of  correspond- 
ing latitudes  in  the  northern  hemisphere.     In 
short,  did  heat  depend  chiefly  on  the  nearness 
of  the  sun  or  the   obliquity  of  his  rays,  we 
should  always  have  the  same  degree  of  heat 
or  cold  at  the  same  time  of  the  year,  in  a  uni- 
form circle ;  which  experience  proves  to  be 
contrary  to  fact.     The  degree  of  heat,  there- 
fore, on  any  planet,  and  on  different  portions 
of  the  same  planet,  must  depend  in  part,  and 
perhaps  chiefly,  on  the   nature  of  the  atmo- 
sphere, and  other  circumstances  connected  with 
the  constitution  of  the  planet,  in  combination 
with  the  influence  of  the  solar  rays.     These 
rays  undoubtedly  produce  heat,  but  the  degree 
of  its  intensity  will  depend  on  the  nature  of 
the  substances  on  which  they  fall ;  as  we  find 
that  the  same  degree  of  sensible  heat  is  not 
felt  when  they  fall  on  a  piece  of  iron  or  marble 
as  when  they  fall  on  a  piece  of  wood  or  flannel. 
Mercury  was  long  considered  as  the  small- 
est primary  planet  in  the  system ;  but  the  four 
new  planets  lately  discovered  between  the  or- 
bits  of  Mars   and  Jupiter   are   found  to   be 
smaller.     Its   diameter  is  estimated  at  3200 
miles,  and,  consequently,  its  surface  contains 
above    32,000,000    of  square   miles,  and   its 
solid   contents  are    17,157,324,800,  or  more 
than   seventeen    thousand   millions   of   solid 
miles:  and  if  the  number  of  solid  miles  con- 
tained in  the  earth,  which  are  264,000,000,000, 
be  divided  by  this  sum,  the  quotient  will  be 
somewhat  more  than  fifteen,  showing  that  the 
earth    is    above    fifteen    times    larger    than 
Mercury.    Notwithstanding  the  comparatively 
diminutive   size    of  this  planet,  it  is  capable 
of  containing  a  population  upon  its  surface 
much  greater  than  has  ever  been  supported 
on  the  surface  of  the  earth  during  any  pe- 
riod of  its  history.     In   making  an  estimate 
on  this  point,  I  shall  take  the  population  of 
England  as   a   standard.     England   contains 
50,000  square  miles  of  surface,  and  14,000,000 
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of  inhabitants,  which  is  280  inhabitants  for 
every  square  mile.  The  surface  of  Mercury 
contains  32,000,000  of  square  miles,  which  is 
not  much  less  than  all  the  habitable  parts  of 
our  globe.  At  the  rate  of  population  now 
stated,  it  is  sufficiently  ample  to  contain  8,960, 
000,000,  or  eight  thousand  nine  hundred  and 
sixty  millions  of  inhabitants,  which  is  more 
than  eleven  times  the  present  population  of 
our  globe.  And  although  the  one  half  of  the 
surface  of  this  planet  were  to  be  considered  as 
covered  with  water,  it  would  still  contain 
nearly  six  times  the  population  of  the  earth. » 
Hence  it  appears,  that  small  as  this  planet 
may  be  considered  when  compared  with  others, 
and  seldom  as  it  is  noticed  by  the  vulgar  eye, 
it  in  all  probability  holds  a  far  more  distin- 
guished rank  in  the  intellectual  and  social 
system  under  the  moral  government  of  God, 
than  this  terrestial  world  of  which  we  are  so 
proud,  and  all  the  living  beings  which  traverse 
its  surface. 

I  shall  only  mention  further  the  following 
particulars  in  reference  to  this  planet.  In  its 
revolution  round  the  sun,  its  motion  is  swifter 
than  that  of  any  other  planet  yet  discovered  ; 
it  is  no  less  than  at  the  rate  of  109,800  miles 
every  hour  at  an  average,  although  in  some 
parts  of  its  course  it  is  slower,  and  in  other 
parts  swifter,  since  it  moves  in  an  elliptical 
orbit.  Of  course  it  flies  1830  miles  every 
minute,  and  more  than  thirty  miles  during 
every  beat  of  our  pulse.  The  density  of  this 
planet  is  found  by  certain  physical  calcula- 
tions and  investigations,  founded  on  the  laws 
of  universal  gravitation  to  be  nine  times 
that  of  water,  or  equal  to  that  of  lead  ;  so 
that  a  ball  of  lead  3200  miles  in  diameter 
would  exactly  poise  the  planet  Mercury. 
This  density  is  greater  than  that  of  any  of  the 
other  planets,  and  nearly  twice  the  density  of 
the  earth.  The  mass  of  this  planet,  or  the 
quantity  of  matter  it  contains,  when  compared 
with  the  mass  of  the  sun,  is,  according  to  La- 
Place,  as  1  to  2,025,810,  or  about  the  two 
millionth  part ;  that  is,  it  would  require  two 
millions  of  globes  of  the  size  and  density  of 
Mercury  to  weigh  one  of  the  size  and  density 
of  the  sun.  But  as  Mercury  contains  a  much 
greater  quantity  of  matter  in  the  same  bulk 
than  the  sun,  in  point  of  size  it  would  require 
22,000,000  of  globes  of  the  bulk  of  Mercury 
to  compose  a  body  equal  to  that  of  the  sun. 
In  consequence  of  the  great  density  of  this 
planet,  bodies  will  have  a  greater  weight  on 
its  surface  than  on  the  earth.  It  has  been 
computed,  that  a  body  weighing  one  pound 
on  the  earth's  surface  would  weigh  one  pound 
eight  and  a  half  drachms  on  the  surface  of 
Mercury.  If  the  centrifugal  force  of  this 
planet  were  suspended,  and  its  motion  in  a 
circular  course  stopped,  it  would  fall  towards 
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the  sun,  as  a  stone  when  thrown  upward  falls 
to  the  ground,  by  the  force  of  gravity,  with  a 
velocity  continually  increasing  as  the  square 
of  the  distance  from  the  sun  diminished.  The 
time  in  which  Mercury  or  any  other  planet 
would  fall  to  the  sun  by  the  centripetal  for-^; 
or  the  sun's  attraction,  is  equal  to  its  periodic 
time  divided  by  the  square  root  of  thirty -two ; 
a  principle  deduced  from  physical  and  mathe- 
matical investigation.  Mercury  would  there- 
fore fall  to  the  sun  in  15  days,  13  hours; 
Venus  in  39  days,  17  hours  ;  the  earth  in  64 
days,  13  hours ;  Mars  in  121  days,  10  hours; 
Vesta  in  205  days;  Ceres  in  297  days,  6 
hours;  Pallas  in  301  days,  4  hours  ;  Juno  in 
354  days,  19  hours ;  Jupiter  in  765  days,  19 
hours,  or  above  two  years;  Saturn  in  1901 
days,  or  about  five  years ;  Uranus  in  5425 
days,  or  nearly  fifteen  years  ;  and  the  Moon 
would  fall  to  the  earth,  were  its  centrifugal 
force  destroyed,  in^4  days,  20  hours.  Some 
of  the  deductions  stated  above  may  be  apt  to 
startle  some  readers  as  beyond  the  powers  of 
limited  intellects,  and  above  the  range  of 
human  investigation.  The  discoveries  of 
Newton,  however,  have  now  taught  us  the 
laws  by  which  these  bodies  act  upon  one  an- 
other ;  and  as  the  effects  they  produce  depend 
very  much  upon  the  quantities  of  matter  they 
contain,  by  observing  these  effects  we  are 
able,  by  the  aid  of  mathematical  reasoning,  to 
determine  the  quantities  of  matter  in  most 
of  the  planets  with  considerable  certainty. 
But  to  enter  on  the  demonstration  of  such 
points  would  require  a  considerable  share  of 
attention  and  of  mathematical  knowledge,  and 
would  probably  prove  tedious  and  uninterest- 
ing to  the  general  reader. 

Mercury  revolves  in  an  orbit  which  is  ellip- 
tical, and  more  eccentric  than  the  orbits  of 
most  of  the  other  planets,  except  Juno,  Ceres, 
and  Pallas.  Its  eccentricity,  or  the  distance 
of  the  sun  from  the  centre  of  its  orbit,  is  above 
7,000,000  of  miles.  The  time  between  its 
greatest  elongations  from  the  sun  varies  from 
106  to  130  days.  Its  orbit  is  inclined  to  the 
ecliptic,  or  the  plane  of  the  earth's  orbit,  in  an 
angle  of  seven  degrees*,  which  is  more  than 
double  the  inclination  of  the  orbit  of  Venus. 

II.  OF  THE  PLANET  VEBTUS. 

Of  all  the  luminaries  of  heaven,  the  sun 
and  moon  excepted,  the  planet  Venus  is  the 
most  conspicuous  and  splendid.  She  appears 
like  a  brilliant  lamp  amid  the  lesser  orbs  of 
night,  and  alternately  anticipates  the  morning 
dawn  and  ushers  in  the  evening  twilight. 
When  she  is  to  the  westward  of  the  sun,  in 
winter,  she  cheers  our  mornings  with  her  vivid 
light,  and  is  a  prelude  of  the  near  approach 
of  the  break  of  day  and  the  rising  sun-  When 
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she  is  eastward  of  that  luminary,  her  light 
bursts  upon  us  after  sunset,  before  any  of  the 
other  twinkling  orbs  of  heaven  make  their  ap- 
pearance ;  and  she  discharges,  in  some  mea- 
sure, the  functions  of  the  absent  moon.  The 
brilliancy  of  this  planet  has  been  noticed  in 
all  ages,  and  has  been  frequently  the  subject 
of  description  and  admiration  both  by  shep- 
herds and  by  poets.  The  Greek  poets  distin- 
guished it  by  the  name  of  Phosphor  when  it 
rose  before  the  sun,  and  Hesperus  when  it  ap- 
peared in  the  evening  after  the  sun  retired  ; 
and  it  is  now  generally  distinguished  by  the» 
name  of  the  Morning  and  Evening  Star. 

"Next  Mercury,  Venus  runs  her  larger  round, 
With  softer  beams  and  milder  glory  crown'd  ; 
Friend  to  mankind,  she  glitters  from  afar, 
Now  the  bright  evening,  now  the  morning  star. 
From  rtealms  remote  she  darts  her  pleasing  ray, 
Now  leading  on,  now  closing  up  the  day  ; 
Term'd  Phosphor  when  her  morning  beams  she 

yields, 
And  Hesp'rus  when  her  ray  the  evening-  gilds." 

Before  proceeding  to  a  more  particular  de- 
scription of  this  planet,  I  shall  lay  before  the 
reader  a  brief  explanation  of  the  nature  of  the 
planetary  orbits,  as  I  may  have  occasion  to 
refer  to  certain  particulars  connected  with 
them  in  the  following  descriptions.  All  the 
planets  and  their  satellites  move  in  elliptical 
orbits,  more  or  less  eccentric.  The  following 
figure  exhibits  the  form  of  these  orbits. 
Fig.  9. 


The  figure  A  D  B  E  represents  the  form 
of  a  planetary  orbit,  which  is  that  of  an  oval  or 
ellipse.  The  longest  diameter  is  A  B ;  the 
shorter  diameter  D  E.  The  two  points  F  and 
G  are  called  the  foci  of  the  ellipse,  around 
which,  as  two  central  points,  the  ellipse  is 
formed.  The  sun  is  not  placed  in  C,  the 
centre  of  the  orbit,  but  at  F,  one  of  the  foci 
of  the  ellipse.  When  the  planet,  therefore,  is 
at  A,  it  is  nearest  the  sun,  and  is  said  to  be 
in  its  perihelion  ,•  its  distance  from  the  sun 
gradually  increases  till  it  reaches  the  opposite 
point,  B,  when  it  is  at  its  greatest  distance 
from  the  sun,  and  is  said  to  be  in  its  aphelion  ; 
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when  it  arrives  at  the  points  D  and  E  of  its 
orbit,  it  is  said  to  be  at  the  mean  distance. 
The  line  A  B,  which  joins  the  perihelion  and 
aphelion,  is  called  the  line  of  the  apsides,  and 
also  the  greater  axis  or  the  transverse  axis  of 
the  orbit ;  D  E  is  the  lesser  or  conjugate  axis ; 
F  D,  the  mean  distance  of  the  planet  from 
the  sun ;  F  C,  or  G  C,  the  eccentricity  of  the 
orbit,  or  the  distance  of  the  sun  from  its 
centre ;  F  is  the  lower  focus,  or  that  in  which 
the  sun  is  placed  ;  G  the  higher  focus  ,•  A  the 
lower  apsis,  and  B  the  higher  apsis.  The 
orbits  of  some  of  the  planets  are  more  ellipti- 
cal than  others.  The  eccentricity  of  the  orbit 
of  Mercury  is  above  7,000,000  miles  ;  that  is, 
the  distance  from  the  point  F,  where  the  sun 
is  placed,  to  the  centre,  C,  measures  that 
number  of  miles ;  while  the  eccentricity  of 
Venus  is  only  about  490,000  miles,  or  less 
than  half  a  million.  Most  of  the  planetary 
orbits,  except  those  of  some  of  the  new  planets, 
approach  very  nearly  to  the  circular  form. 

The  orbits  of  the  different  planets  do  not  all 
lie  in  the  same  plane,  as  they  appear  to  do  in 
o'rreries  and  in  the  representations  generally 
given  of  the  solar  system.  If  we  suppose  a 
plane  to  pass  through  the  earth's  orbit,  and  to 
be  extended  in  every  direction,  it  will  trace  a 
line  in  the  starry  heavens  which  is  called  the 
ecliptic,  and  the  plane  itself  is  called  the  plane 
of  the  ecliptic.  The  orbits  of  all  the  other 
planets  do  not  lie  in  this  plane,  one  half  of 
each  orbit  rising  above  it,  while  the  other 
half  falls  below  it.  This  may  be  illustrated 
by  supposing  a  large  bowl  or  concave  vessel 
to  be  nearly  filled  with  water ;  the  surface  of 
the  water  will  trace  a  circular  line  round  the 
inner  surface  of  the  bowl,  which  may  repre- 
sent the  ecliptic,  while  the  surface  of  the 
water  itself  is  the  plane  of  the  ecliptic,  and 
the  bowl  is  the  one  half  of  the  concave  sky. 
If  we  now  immerse  in  the  bowl  a  large  circular 
ring  obliquely,  so  that  one  half  of  it  is  above 
the  surface  of  the  water  and  the  other  half 
below,  this  ring  will  represent  the  orbit  of  a 
planet  inclined  to  the  ecliptic  or  to  the  fluid 
surface ;  or  if  we  take  two  large  rings  or  hoops 
of  nearly  equal  size,  and  place  the  one  within 
the  other  obliquely,  so  that  the  half  of  the  one 
hoop  may  be  above,  and  the  opposite  half 
below  the  other  hoop,  it  will  convey  an  idea 
of  the  inclination  of  a  planet's  orbit  to  the 
plane  of  the  ecliptic.  Thus,  if  the  circle  E  F 
G  H  (Fig.  10)  represent  the  plane  of  the 
earth's  orbit  or  the  ecliptic,  the  circle  ABC 
D  may  represent  the  orbit  of  a  planet  which 
is  inclined  to  it ;  the  semicircle  IABK  being 
below  the  level  of  the  ecliptic,  and  the  other  » 
half  or  semicircle  being  above  it.  The  points 
of  intersection  at  I  and  K,  where  the  circles 
cut  one  another,  are  called  the  nodes.  If  the 
planet  is  moving  in  the  direction  AID,  the 
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point  /,  wheie  it  ascends  above  the  plane,  is 
called  the  ascending  node,  and  the  opposite 

Fig.  10. 


forty-seven  degrees,  or  about  half  the  distance 
from  the  horizon  to  the  zenith.  Of  course,  it 
was  never  seen  rising  in  the  east  or  even 
shining  in  the  south  after  the  sun  had  set  in 
the  west,  as  happens  in  regard  to  all  the 
other  heavenly  bodies,  with  the  exception 
now  stated. 

When  this  planet,  after  emerging  from  the 
solar  rays,  is  first  seen  in  the  evening,  it 
appears  very  near  the  horizon  about  twenty 
minutes  after  sunset,  and  continues  visible 
only  for  a  very  short  time,  and  descends 
below  the  horizon  not  far  from  the  point 
where  the  sun  went  down.  Every  succeeding 
day  its  apparent  distance  from  the  sun  in- 
creases; it  rises  to  a  higher  elevation,  and 
continues  a  longer  time  above  the  horizon. 
Thus  it  appears  to  move  gradually  eastward 
from  the  sun  for  four  or  five  months,  till  it 
arrives  at  the  point  of  its  greatest  elongation, 
which  seldom  exceeds  forty-seven  degrees, 
when  it  appears  for  some  time  stationary ; 

_  after  which  it  appears  to  commence  a  retro- 

which  joins  the  nodes,  is  called  the  line  of  the  grade  motion  from  east  to  west,  but  with  a 
nodes,  which,  in  the  different  planetary  orbits,  much  greater  degree  of  apparent  velocity ; 
points  to  different  parts  of  the  heavens.  It  is  approaching  every  day  nearer  the  sun,  and 
when  Mercury  and  Venus  are  at  or  near  the  continuing  a  shorter  time  above  the  horizon, 

till,  in  the  course  of  two  or  three  weeks,  it 
appears  lost  in  the  splendour  of  the  solar  rays, 
and  is  no  longer  seen  in  the  evening  sky  till 
more  than  nine  or  ten  months  have  elapsed. 
About,  eight  or  ten  days  after  it  has  disappeared 
in  the  evening,  if  we  look  at  the  eastern  sky  in 
the  morning,  a  little  before  sunrise,  we  shall 


point,  K,  the  descending  node.  The  line  IK, 


line  of  the  nodes  that  they  appear  to  make  a 
transit  across  the  sun's  disk.  The  moon's 
orbit  is  inclined  to  the  plane  of  the  earth's 
orbit  in  an  angle  of  about  five  degrees ;  and  it 
is  only  when  the  full  moon  or  change  happens 
at  or  near  the  nodes  that  an  eclipse  can  take 
place,  because  the  sun,  moon,  and  earth  are 

then  nearly  in  the  same  plane ;  at  all  other    see  a  bright  star  very  near  the  horizon,  which 

was  not  previously  to  be  seen  in  that  quarter ; 
this  is  the  planet  Venus,  which  has  passed 
its  inferior  conjunction  with  the  sun,  and  has 
now  moved  to  the  westward  of  him,  to  make 
its  appearance  as  the  morning  star.  It  now 

which  have  received  the  following  names : —  appears  every  succeeding  day  to  move  pretty 
Aries,  Taurus,  Gemini,  Cancer,  Leo,  Virgo,  rapidly  from  the  sun  to  the  westward,  till  it 
Libra,  Scorpio,  Sagittarius,  Capricornus,  arrives  at  the  point  of  its  greatest  elongation, 
Aquarius,  Pisces.  Each  of  these  signs  is  between  45°  and  48°  distant  from  the  sun, 
divided  into  thirty  equal  parts,  called  degrees  ;  when  it  again  appears  stationary ;  and  then 
each  degree  into  sixty  parts,  or  minutes ;  each  returns  eastward,  with  an  apparently  slow 
minute  into  sixty  parts,  or  seconds,  &c.  motion,  till  it  is  again  immersed  in  the  sun's 

Having  stated  the  above  definitions,  which  rays,  and  arrives  at  its  superior  conjunction, 
it  may  be  useful  to  keep  in  mind  in  our  fur-  which  happens  after  the  lapse  of  about  nine 
ther  discussions,  I  shall  proceed  to  a  particular  months  from  the  time  of  being  first  seen  in 
description  of  the  motions  and  other  pheno-  the  morning.  But  the  planet  is  not  risible  to 
mena  of  Venus.  the  naked  eye  all  this  time  on  account  of  its 
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times  of  full  or  change,  the  shadow  of  the 
moon  falls  either  above  or  below  the  earth, 
and  the  shadow  of  the  earth  either  above  or 
below  the  moon.  The  ecliptic  is  supposed  to 
be  divided  into  twelve  signs,  or  360  degrees, 


tions  of  Venus. — This  planet,  as  already  no- 
ticed, is  only  seen  for  a  short  time,  either  after 
sunset  in  the  evening,  or  in  the  morning 
before  sunrise.  It  has  been  frequently  seen 
by  means  of  the  telescope,  and  sometimes  by 
the  naked  eye,  at  noonday,  but  it  was  never 
seen  at  midnight,  as  all  the  other  planets  may 
be,  with  the  exception  of  Mercury.  It  never 


ing  its  superior  conjunction.  After  passing 
this  conjunction  it  soon  after  appears  in  the 
evening,  and  resumes  the  same  course  as 
above  stated.  During  each  of  the  courses 
now  described,  when  viewed  with  a  telescope, 
it  is  seen  to  pass  successively  through  all  the 
phases  of  the  moon,  appearing  gibbous  or 
nearly  round  when  it  is  first  seen  in  the 


appears  to  recede  further  from  the  sun  than    evening ;  of  the  form  of  a  half  moon  when 
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about  the  point  of  its  greatest  elongation;  and 
of  the  figure  of  a  crescent,  gradually  turning 
more  and  more  slender  as  it  approaches  its 
inferior  conjunction  with  the  sun.  Such  are 
the  general  appearances  which  Venus  pre- 
sents to  the  attentive  eye  of  a  common  ob- 
server, the  reasons  of  which  will  appear  from 
the  following  figure  and  explanations. 

Fig.  11. 


tion  it  is  just  27  millions  of  miles  from  tho 
earth  ;  whereas,  at  its  superior  conjunction,  it 
is  no  less  than  163  millions  of  miles  from  the 
earth,  for  it  is  then  further  from  us  by  the 
whole  diameter  of  its  orbit,  which  is  136 
millions  of  miles.  This  is  the  reason  why  it 
appears  much  smaller  at  its  superior  conjunc- 
tion than  when  near  its  inferior ;  although,  in 
the  latter  case,  there  is  only  a  small  crescent 
of  its  light  presented  to  us,  while  in  the  former 
case  its  full  enlightened  hemisphere  is  turned 
to  the  earth. 

The  following  figure  will  exhibit  more 
distinctly  the  phases  of  this  planet  in  the 
different  parts  of  its  course,  and  the  reason  of 
the  difference  of  its  apparent  magnitude  in 
different  points  of  its  orbit.  At  A  it  is  in  the 
superior  conjunction,  when  it  presents  to  our 
view  a  round  full  face.  At  B  it  appears  as 
an  evening  star,  and  exhibits  a  gibbous  phase, 
somewhat  less  than  a  full  moon.  At  D  it 
approaches  somewhat  nearer  to  a  half  moon. 
At  E,  near  the  point  of  its  eastern  elongation, 

Fig.  12. 


Let  the  earth  be  supposed  at  Jf ;  then  when 
Venus  is  in  the  position  marked  A,  it  is  nearly 
in  a  line  with  the  sun  as  seen  from  the  earth, 
in  which  position  it  is  said  to  be  in  its  superior 
conjunction  with  the  sun,  or  beyond  him,  in 
the  remotest  part  of  its  orbit  from  the  earth ; 
in  which  case  the  body  of  the  sun  sometimes 
interposes  between  the  earth  and  Venus ;  at 
other  times  it  is«either  a  little  above  or  below 
the  sun,  according  as  it  happens  to  be  either 
in  north  or  south  latitude.  When  it  is  in 
this  position  the  whole  of  its  enlightened 
hemisphere  is  turned  towards  the  earth.  As 
it  moves  on  its  orbit  from  A  to  B,  which  is 
from  west  to  east,  and  is  called  its  direct  mo- 
tion, it  begins  to  appear  in  the  evening  after 
sunset.  When  it  arrives  at  B,  it  is  seen 
among  the  stars  at  L,  in  which  position  it 
assumes  a  gibbous  phase,  as  a  portion  of  ita 
enlightened  hemisphere  is  turned  from  the 
earth.  When  it  arrives  at  C,  it  appears 
among  the  stars  at  M,  at  a  still  greater  dis- 
tance from  the  sun,  and  exhibits  a  less  gib- 
bous phase,  approaching  to  that  of  a  half 
moon.  When  arrived  at  D,  it  is  at  the  point 
of  its  greatest  eastern  elongation,  when  it  ap- 
pears like  a  half  moon,  and  is  seen  among  the 
stars  at  N;  it  now  appears  for  some  time 
stationary ;  after  which  it  appears  to  move 
with  a  rapid  course  in  an  opposite  direction, 
or  from  east  to  west,  during  which  it  presents 
the  form  of  a  crescent,  till  it  approaches  so 
near  the  sun  as  to  be  overpowered  with  the 
splendour  of  his  rays.  When  arrived  at  E, 
it  is  said  to  be  in  its  inferior  conjunction,  and, 
consequently,  nearest  the  earth.  In  this  posi- 
(380) 


it  appears  like  a  half  moon.  During  all  this 
course  it  moves  from  west  to  east.  From  F 
to  /  it  appears  to  move  in  a  contrary  direc- 
tion, from  east  to  west,  during  which  it  as- 
sumes the  figure  of  a  crescent,  gradually 
diminishing  in  breadth,  but  increasing  in  ex- 
tent, till  it  arrives  at  7,  the  point  of  its  inferior 
conjunction,  when  its  dark  hemisphere  is 
turned  towards  the  earth,  and  is  consequently 
invisible,  being  in  a  situation  similar  to  that 
of  the  moon  at  the  time  of  change.  It  is  seen 
no  longer  in  the  evenings,  but  soon  appears 
in  the  morning  under  the  figure  of  a  slender 
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crescent,  and  passes  through  all  the  other 
phases  represented  in  the  diagram,  at  M,  N, 
0,  &c.,  till  it  arrives  again  at  A,  its  superior 
conjunction.  The  earth  is  here  supposed  to 
be  placed  at  K ;  and  if  it  were  at  rest  in  that 
position,  all  the  changes  now  stated  would 
happen  in  the  course  of  224  days.  But  as 
the  earth  is  moving  forward  in  the  same 
direction  as  the  planet,  it  requires  some  con- 
siderable time  before  Venus  can  overtake  the 
earth,  so  as  to  be  in  the  same  position  as 
before  with  respect  to  the  earth  and  the  sun. 
The  time,  therefore,  that  intervenes  between 
the  superior  conjunction  and  the  same  con- 
junction again  is  nearly  584  days,  during 
which  period  Venus  passes  through  all  the 
variety  of  its  motions  and  phases  as  a  morn- 
ing and  evening  star. 

This  diversity  of  motions  and  phases,  as 
formerly  stated,  serves  to  prove  the  truth  of 
the  system,  now  universally  received,  which 
places  the  sun  in  the  centre,  and  the  earth  be- 
yond the  orbit  of  Venus.  In  order  to  illustrate 
this  point  to  the  astronomical  tyro  in  the  most 
convincing  manner,  I  have  frequently  used 
the  following  plan.  With  the  aid  of  a  planeta- 
rium, and  by  means  of  an  ephemeris  or  a 
nautical  almanac,  I  place  the  earth  and  Venus 
in  their  true  positions  on  the  planetarium,  and 
then  desire  the  learner  to  place  his  eye  in  a 
line  with  the  balls  representing  Venus  and 
the  earth,  and  to  mark  the  phase  of  Venus,  as 
seen  from  the  earth,  whether  gibbous,  a  half 
moon,  or  a  crescent.  I  then  adjust  an  equa- 
torial telescope  (if  the  observation  be  in  the 
daytime),  and,  pointing  it  to  Venus,  show 
him  this  planet  with  the  same  phase  in  the 
heavens  ;  an  experiment  which  never  fails  to 
please  and  to  produce  conviction. 

It  has  generally  been  asserted  by  astrono- 
mers that  it  is  impossible  to  see  Venus  at  the 
time  of  its  superior  conjunction  with  the  sun. 
Mr.  Benjamin  Martin,  in  his  "  Gentleman 
and  Lady's  Philosophy,"  vol.  i.,  says,  "At 
and  about  her  upper  conjunction  Venus  can- 
not be  seen,  by  reason  of  her  nearness  to  the 
sun."  And  in  his  "  Philosophia  Britannica," 
vol.  iii.,  the  same  opinion  is  expressed :  "  At 
her  superior  conjunction  Venus  would  appear 
a  full  enlightened  hemisphere,  were  it  not 
fhat  she  is  then  lost  in  the  sun's  blaze,  or 
hidden  behind  his  body."  Dr.  Long,  in  his 
"  Astronomy,"  vol.  i.,  says,  "  Venus,  in  her 
superior  conjunction,  if  she  could  be  seen, 
would  appear  round  like  the  full  moon."  Dr. 
Brewster,  in  the  article  of  Astronomy  in  the 
"  Edinburgh  Encyclopaedia,"  when  describing 
the  phases  of  Mercury  and  Venus,  says, 
"Their  luminous  side  is  completely  turned 
to  the  earth  at  the  time  of  their  superior  con- 
junction, when  they  would  appear  like  the 
full  moon,  if  they  were  not  then  eclipsed  by 


the  rays  of  the  sun."  The  same  opinion  is 
expressed  in  similar  phrasss  by  Ferguson, 
Gregory,  Adams,  Gravesend,  and  most  other 
writers  on  the  science  of  astronomy,  and  has 
been  copied  by  all  subsequent  compilers  of 
treatises  on  this  subject.  In  order  to  deter- 
mine this  point,  along  with  several  others,  I 
commenced,  in  1813,  a  series  of  observations 
on  the  celestial  bodies  in  the  daytime,  by 
means  of  an  equatorial  instrument.  On  the 
5th  of  June  that  year,  a  little  before  midday, 
when  the  sun  was  shining  bright,  I  saw  Venus 
distinctly  with  a  magnifying  power  of  sixty 
times,  and  a  few  minutes  afterward  with  a 
power  of  thirty,  and  even  with  a  power  of 
fifteen  times.  At  this  time  the  planet  was 
just  3°  in  longitude  and  about  13'  in  time 
east  of  the  sun's  centre,  and,  of  course,  only 
2|°  from  the  sun's  limb.  Cloudy  weather  pre- 
vented observations  when  Venus  was  nearer 
the  sun.*  On  the  16th  of  October,  1819,  an 
observation  was  made,  in  which  Venus  was 
seen  when  only  six  days  and  nineteen  hours 
past  the  time  of  her  superior  conjunction. 
Her  distance  from  the  sun's  eastern  limb  was 
then  only  1°  28'  42".  A  subsequent  observa- 
tion proved  that  she  could  be  seen  when  only 
1°  27'  from  the  sun's  margin,  which  approxi- 
mates to  the  nearest  distance  from  the  sun  at 
which  Venus  is  distinctly  visible.  About  the 
tenth  of  March,  1826,  I  had  a  glimpse  of  this 
planet  within  a  few  hours  of  its  superior 
conjunction,  but  the  interposition  of  clouds 
prevented  any  particular  or  continued  ob- 
servations. It  was  then  about  1°  25^'  from 
the  sun's  centre.  Observations  were  likewise 
made  to  determine  how  near  its  inferior  con- 
junction this  planet  may  be  seen.  The  fol- 
lowing is  the  observation  in  which  it  was  seen 
nearest  to  the  sun.  On  March  llth,  1822,  at 
thirty  minutes  past  twelve,  noon,  the  planet 
being  only  thirty-five  hours  past  the  point  of 
its  inferior  conjunction,  I  perceived  the  cres- 
cent of  Venus  by  means  of  an  equatorial 
telescope,  magnifying  about  seventy  times. 
It  appeared  extremely  slender,  but  distinct 
and  well-defined,  and  apparently  of  a  larger 
curve  than  that  of  the  lunar  crescent  when 


*  The  particulars  connected  with  this  observa 
tion,  and  with  those  made  on  the  other  planets, 
and  on  stars  of  the  first  and  second  magnitudes, 
together  with  a  description  of  the  instrument,  and 
the  manner  of  making  day  observations,  are  re- 
corded in  Nicholson's  "Journal  of  Natural  Philo- 
sophy," &c.,  for  October,  1813,  vol.  xxxvi.  p.  109 
to  128,  in  a  communication  which  occupies  about 
twenty  pages;  and  tilso,  in  an  abridged  form,  in 
the  "Monthly  Magazine,''  "Annals  of  Philoso- 
phy." and  other  periodical  journals  of  that  period. 
During  the  succeeding  winter  the  celebrated  Mr. 
Playfair,  professor  of  natural  philosophy  in  the 
university  of  Edinburgh,  communicated,  in  his 
lectures  to  the  students,  the  principal  details  con- 
tained in  that  communication  as  new  facts  in 
astronomical  science. 
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the  moon  is  about  two  days  old.  The  differ-  figure,  having  its  polar  shorter  than  its  equa- 
ence  of  longitude  between  the  sun  and  Venus  torial  diameter.  Jupiter,  Mars,  and  Saturn 
at  that  time  was  about  2°  19'.  A  gentleman 
who  happened  to  be  present  perceived  the 


have  also  been  ascertained  to  be  oblate  sphe- 
roids, and  the  proportion  between  their  equa- 

sarne  phenomenon  with  the  utmost  ease  and    torial  and  polar  diameters  has  been   pretty 

with  perfect  distinctness.* 

From  the  above  observations,  the  following 

conclusions  are  deduced  :  1.  That  Venus  may 

be  distinctly  seen  at  the  moment  of  her  supe- 


accurately  determined.  As  Venus  is  found 
to  have  a  rotation  round  her  axis,  as  these 
planets  have,  it  is  reasonable,  to  conclude  that 
she  is  of  a  similar  figure.  It  is  impossible, 

rior  conjunction,  with  a  moderate  magnifying  however,  to  determine  this  point  when  she  is 
power,  when  her  geocentric  latitudef  at  the  in  those  positions  in  which  she  has  generally 
time  of  conjunction  exceeds  1£°,  or,  at  most,  been  viewed;  as  at  such  times  she  assumes 
1°  43'.  2.  That  during  the  space  of  584  either  a  gibbous  phase,  the  form  of  a  half 
days,  or  about  nineteen  months,  the  time  moon,  or  that  of  a  crescent,  in  neither  of 
Venus  takes  in  moving  from  one  conjunction  which  cases  can  the  two  diameters  be  mea- 
of  the  sun  to  a  like  conjunction  again,  when  sured.  I  am  therefore  of  opinion  that,  at 
her  latitude  at  the  time  of  her  superior  con-  some  future  conjunction,  when  her  geocentric 
junction  exceeds  1°  43',  she  mayj)e  seen  by  latitude  is  considerable,  with  a  telescope  of  a 
means  of  an  equatorial  telescope  every  dear  high  magnifying  power,  furnished  with  a  mi- 
day  without  interruption,  except  at  the  mo-  crometer,  this  point  might  be  ascertained.  If 
ment  of  her  inferior  conjunction,  and  a  very  the  planet  is  then  viewed  at  a  high  latitude, 
short  time  before  and  after  it,  a  circumstance  and  the  sky  serene,  its  disk  will  appear  suffi- 
which  cannot  be  affirmed  of  any  other  celes-  ciently  luminous  and  well  defined  for  this  pur- 
tial  body,  the  sun  only  excepted.  3.  That  pose ;  free  of  that  glare  and  tremulous  aspect 
from  the  time  when  Venus  ceases  to  be  visible,  it  generally  exhibits  when  near  the  horizon, 
prior  to  her  inferior  conjunction,  on  account  which  makes  it  appear  larger  than  it  ought  to 
of  the  smallness  of  her  crescent  and  her  prox-  do,  and  prevents  its  margin  from  being  accu- 
imity  to  the  sun,  to  the  moment  when  she  rately  dsitinguished. 

may  again  be  perceived  in  the  daytime  by  an  Such  observations  require  a  considerable 
equatorial  telescope,  there  elapses  a  period  of  degree  of  attention  and  care,  and  various  con- 
only  two  days  and  twenty-two  hours ;  or,  in  trivances  for  occasionally  diminishing  the  aper- 
other  words,  Venus  can  never  be  hidden  from  ture  of  the  object  glass,  and  for  preventing 
our  view  about  the  time  of  her  inferior  con-  the  direct  rays  of  the  sun  from  entering  the 
junction,  for  a  longer  period  than  seventy  tube  of  the  telescope.  In  order  to  view  this 
hours.  4.  That,  during  the  space  of  584  planet  to  advantage  at  any  future  conjunction, 
days,  the  longest  period  in  which  Venus  can  when  in  south  latitude,  it  will  be  proper  to 
be  hidden  from  our  view  under  any  circum-  fix  ^  board,  or  any  other  thin  opaque  sub- 
stances, excepting  a  cloudy  atmosphere,  is  stance,  at  a  considerable  distance  beyond  the 
about  sixteen  days  and  a  half.  During  the  object  end  of  the  telescope,  having  such  a  de- 
same  period,  this  planet  sometimes  will  be  gree  of  concave  curvature  as  shall  nearly  cor- 
hidden  from  the  view  of  a  common  observer  respond  with  a  segment  of  the  diurnal  arc  at 
for  the  space  of  five  or  six  months.  that  time  described  by  the  sun,  with  its  lower 

One  practical  use  of  the  above  observations  concave  edge  at  an  elevation  a  small  degree 
is,  that  they  may  lead  to  the  determination  of  above  the  line  of  collimation  of  the  telescope, 
the  difference  (if  any)  between  the  polar  when  adj  usted  for  viewing  the  planet,  in  order 
and  equatorial  diameters  of  this  planet,  which  to  intercept  as  much  as  possible  the  solar  rays, 
point  has  never  yet  been  determined.  It  is  When  the  planet  is  in  north  latitude,  the 
well  known  that  the  earth  is  of  a  spheroidal  curvature  of  the  board  must  be  made  convex. 

*  The  observations  stated  above  are  also  re-    an<^  placed  a  little  below  the  line  of  sight, 
corded  in  scientific  journals.    The  observation  of  •§?:_   iq 

the  Ifith  October,  1819.  is  recorded  in  the  "Edin- 
burgh Philosophical  Journal,"  No.  V.,  for  July, 
1820,  p.  191,  192;  and  in  Dr.  Brewster's  second 
edition  of  "Ferguson's  Astronomy,"  vol.  ii.  p. 
Ill  ;  in  the  "  Monthly  Magazine"  for  August,  1820, 
vol.  i.  p.  02.  The  observation  of  March  11,  1822, 
made  on  Venus  when  near  the  inferior  conjunc- 
tion, is  recorded  at  large  in  the  "  Edinburgh  Philo- 
sophical Journal,"  No.  XIII.,  July,  1822,  p.  177, 
178,  &c. 

t  The  latitude  of  a  heavenly  body  is  its  distance 
from  the  ecliptic,  or  the  apparent  path  of  the  sun, 
either  north  or  south.  Its  gtoctntrir.  latitude  is  its 
latitude  as  seen  from  the  earth.  Its  heliocentric 
latitude  is  its  latitude  as  viewed  from  the  sun. 
These  latitudes  seldom  coincide. 
(382) 


The  above  figure  will  illustrate  my  idea ; 
where  A  B  (Fig.  13,)  represents  the  concave 
curve  of  the  board  to  be  used  when  the  planet 
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is  in  south  latitude ;   C  D,  a  segment  of  the  April  20th,  1667,  about  fifteen  minutes  before 

apparent  diurnal  path  of  the  planet ;  and  E  F,  sunrise,  when  he  saw  upon  the  disk,  now  half 

a  segment  of  the  sun's  diurnal  arc.     Fig  14,  enlightened,  a  bright  part,  distant  from  the 

represents  the  board   to  be   used  when  the  southern  edge  about  a  fourth  part  of  the  di- 


Fig.  14. 


planet  is  in  north  latitude,  which  requires  no 
further  description.  I  have  given  the  above 
brief  statement  of  the  observations  on  Venus 
because  they  are  not  yet  generally  known, 
and  because  compilers  of  elementary  books 
on  astronomy  still  reiterate  the  vague  and  un- 
founded assertion  that  it  is  impossible  to  see 
this  planet  at  its  superior  conjunction,  when  it 
presents  a  full  enlightened  hemisphere.  The 
circumstance  now  ascertained  may  not  be 
considered  as  a  fact  of  much  importance  in 
astronomy.  It  is  always  useful,  however,  in 
every  department  of  science,  to  ascertain  every 
fact  connected  with  its  principles,  however 
circumstantial  and  minute,  as  it  tends  to  give 
precision  to  its  language;  as  it  enables  the 
mind  to  take  into  view  every  particular  which 
has  the  least  bearing  on  any  object  of  investi- 
gation ;  and  as  it  may  ultimately  promote  its 
progress  by  leading  to  conclusions  which  were 
not  at  first  apprehended.  One  of  these  con- 
clusions or  practical  uses  has  been  stated 
above ;  and  another  conclusion  is,  that  such 
observations  as  now  referred  to  may  possibly 
lead  to  the  discovery  of  planets  yet  unknown 
within  the  orbit  of  Mercury,  which  circum- 
stance I  shall  take  occasion  more  particularly 
to  explain  in  the  sequel. 

Discoveries  made  by  the  telescope  in  rela- 
tion to  Venus. — The  first  circumstance  which 
attracted  the  attention  of  astronomers  after 
the  invention  of  the  telescope,  was,  the  variety 
of  phases  which  Venus  appeared  to  assume, 
of  which  I  have  already  given  a  description. 
Nothing  further  was  observed  to  distinguish 
this  planet  till  more  than  half  a  century  had 
elapsed,  when  Cassini,  a  celebrated  French 
astronomer,  in  the  years  1666-7,  discovered 
some  spots  on  its  surface,  by  which  he  endea- 
voured to  ascertain  the  period  of  its  revolu- 
tion round  its  axis.  October,  14th,  1666,  at 
five  hours  forty-five  minutes,  p.  M.,  he  saw  a 
bright  spot  near  the  limits  between  the  light 
and  the  dark  side  of  the  planet,  not  far  from  its 
centre ;  at  the  same  time  he  noticed  two  dark 
oblong  spots  near  the  west  side  of  the  disk, 
as  represented  Fig.  15.  After  this  he  could 
obtain  no  satisfactory  views  of  Venus  till 


ameter  of  the  disk,  and  near  the  eastern  edge. 
He  saw,  likewise,  a  darkish  oblong  spot 
towards  the  northern  edge,  as  in  Fig.  16. 
Fig.  15.  Fig.  16. 


At  sunrise  he  perceived  that  the  bright  part 
was  advanced  farther  from  the  southern  point 
than  when  he  first  observed  it,  as  at  Fig.  17, 
when  he  had  the  satisfaction  of  finding  an 
evident  proof  of  the  planet's  motion.  On  the 
next  day,  at  sunrise,  the  bright  spot  was  a 
good  way  off  the  section,  and  distant  from  the 
southern  point  a  fourth  part  of  the  diameter 
of  the  disk.  When  the  sun  had  risen  six  de- 
grees above  the  horizon  the  spot  had  got  be- 
yond the  centre.  When  the  sun  had  risen 
seven  degrees  the  section  cut  it  in  halves,  as  in 
Fig.  18,  which  showed  its  motion  to  have 
some  inclination  towards  the  centre.*  Seve- 
Fig.  17. 


Fig.  18. 


ral  observations  of  a  similar  kind  were  made 
about  that  time,  which  led  Cassini  to  the  con- 
clusion that  the  planet  revolves  about  its  axis 
in  a  period  somewhat  more  than  twenty  three 
hours.  From  this  time,  for  nearly  sixty  years, 
we  have  no  further  accounts  of  spots  having 
been  observed  on  the  disk  of  Venus. 

In  the  year  1726,  Bianchini,  with  telescopes 
of  90  and  100  Roman  palms,  commenced  a 
series  of  observations  on  Venus,  and  published 
an  account  of  them  in  a  book  entitled,  "  Hes- 

*  See  "Philosophical  Transactions,"  abridged 
by  Drs.  Button,  Shaw,  and  Pearson,  vol.  i.  part 
ii.  p.  217;  "Journal  des  Savans,"  vol.  i.  p.  216; 
and  "Memoires  of  the  Royal  Academy  of  Sciences 
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peri  et  Phosphori  nova  Phenomena."  In 
these  observations,  we  do  not  find  that  anv 
one  of  them  was  continued  long  enough  to 
discover  any  change  of  position  in  the  spots  at 
the  end  of  the  observation  from  what  there 
was  at  the  beginning ;  but  at  the  distance  of 
two  and  of  four  days  he  found  the  same  spot 
advanced  so  far  that  he  concluded  it  must 
have  gone  round  at  the  rate  of  15°  in  a  day. 
This  advance  would  show  that  Venus  turned 
round  either  once  in  about  twenty-four  days 
or  in  little  more  than  twenty-three  hours,  but 
would  not  determine  which  of  these  was  the 
true  period.  For,  if  an  observer  at  a  given 
hour,  suppose  seven  in  the  evening,  were  to 
mark  the  exact  place  of  a  spot,  and  at  the 
same  hour  on  the  next  day  find  the  spot  ad- 
vanced 15°,  he  would  not  be  able  to  determine 
whether  the  spot,  during  that  interval  of 
twenty-four  hours  had  advanced  forward  only 
15°,  or  had  finished  a  revolution,  and  15° 
more  as  part  of  another  rotation.*  Of  these 
two  periods  Bianchini  concluded  that  the  ro- 
tation was  accomplished  in  twenty-four  days, 
eight  hours.  The  following  is  the  chief,  if 
not  the  only  observation,  he  brings  forward  to 
substantiate  his  conclusion.  He  saw  three 
spots,  A,  B,  C,  in  the  situation  represented  in 
Fig.  19,  which  he  and  several  persons  of 

Fig.  19. 


distinction  viewed  for  about  an  hour,  when 
they  could  discover  no  change  of  place  in 
their  appearance.  Venus  being  hidden  be- 
hind the  Barbarini  palace,  their  view  was  in- 
terrupted for  nearly  three  hours,  at  the  end  of 
which  they  found  that  the  spots  had  not  sensi- 
bly changed  their  situation.  But  the  inference 
from  this  observation  is  not  conclusive  for  the 
period  of  twenty-four  days  eight  hours.  For, 
during  the  three  hours  interruption,  the  spot 
C  might  have  gone  off  the  disk,  and  the  spot 
B  moved  into  its  place,  where,  being  near  the 
edge,  it  would  appear  less  than  when  in  the 
middle;  A,  succeeding  into  the  place  of  B, 
would  appear  larger  than  it  did  near  the  edge, 
and  another  spot  might  have  come  into  the 
place  of  A.  For  that  there  were  other  spots, 
particularly  one  which,  by  the  rotation  of  Ve- 
nus, would  have  been  brought  into  the  place 

*  See  some  particular  remarks  on  this  subject, 
illustrated  with  a  figure,  in  my  volume  "On  the 
Improvement  of  (Society,"  section  iii. 
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of  A,  appears  by  the  figures  given  by  Bian- 
chini ;  and,  if  so,  it  would  correspond  with 
the  rotation  of  twenty-three  hours  twenty 
minutes  deduced  by  Cassini.  Besides,  it  is 
impossible  to  make  observations  on  Venus 
for  three  or  four  hours  in  succession,  as  is 
here  supposed,  without  the  help  of  equatorial 
instruments,  which  were  not -then  in  use,  as 
this  planet  is  seldom  more  than  three  hours 
above  the  horizon  after  sunset ;  and  when  it 
descends  within  8°  or  10°  of  the  horizon,  it  is 
impossible  to  see  its  surface  with  any  degree 
of  distinctness,  on  account  of  the  brilliancy 
of  its  light,  and  the  undulating  vapours  near 
the  horizon,  which,  in  some  cases,  prevent 
even  its  phase  from  being  accurately  distin- 
guished. In  the  communication  in  "  Nichol- 
son's Journal"  for  1813,  already  referred  to,  I 
have  shown  how  the  dispute  in  reference  to 
the  rotation  of  Venus  may  be  settled  by  cpm- 
mencing  a  series  of  observations  on  this  planet 
in  the  daytime,  when  its  spots,  if  any  were 
perceived,  could  be  traced  in  their  motion  for 
twelve  hours  or  more.  Mr.  Ferguson,  in  his 
astronomy,  by  adopting  the  conclusion  of  Bi- 
anchini, has  occupied  a  number  of  pages  in 
describing  the  phenomena  on  Venus  on  this  sup- 
position, which  description  is  altogether  useless, 
and  conveys  erroneous  ideas  of  the  circum- 
stances connected  with  this  planet,  if  the  period 
determined  by  Cassini  (as  is  most  probable)  be 
correct. 

Mr.  Schroeter,  formerly  mentioned,  who  has 
been  a  most  diligent  and  accurate  observer  of 
the  heavens,  commenced  a  series  of  observa- 
tions in  order  to  determine  the  daily  period  of 
this  planet.  He  observed  particularly  the 
different  shapes  of  the  two  horns  of  Venus. 
Their  appearance  generally  varied  in  a  few 
hours,  and  became  nearly  the  same  at  the  cor- 
responding time  of  the  subsequent  day,  or, 
rather,  about  half  an  hour  sooner  every  day. 
Hence  he  concluded  that  the  period  must  be 
about  twenty-three  hours  and  a  half;  that  the 
equator  of  the  planet  is  considerably  inclined 
to  the  ecliptic,  arid  its  pole  at  a  considerable 
distance  from  the  point  of  the  horn.  From 
several  observations  of  this  kind  he  found  that 
the  period  of  rotation  must  be  twenty-three 
hours,  twenty-one  minutes,  or  only  one  minute 
more  than  had  been  assigned  by  Cassini ;  and 
this,  we  have  reason  to  believe,  is  about  the 
true  period  of  this  planet's  revolution  round 
its  axis,  being  thirty-five  minutes  less  than 
the  period  of  the  earth's  rotation,  which  is 
twenty-three  hours,  fifty-six  minutes.  I  have 
stated  these  observations  respecting  the  rota- 
tion of  Venus  at  some  length,  because  they 
are  not  generally  known  to  common  readers 
on  this  subject,  or  noticed  in  modern  ele- 
mentary books  on  astronomy,  and  that  the 
general  reader  may  perceive  the  reason  of  the 
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dispute  which  has  arisen  among  astronomers 
on  this  point. 

Mountains  on  Venus. — Mr.  Schroeter,  in 
his  observations,  discovered  several  mountains 
on  this  planet,  and  found  that,  like  those  of 
the  moon,  they  were  always  highest  in  the 
southern  hemisphere  ;  their  perpendicular 
heights  being  nearly  as  the  diameters  of  their 
respective  planets.  From  the  llth  of  De- 
cember, 1789,  to  the  llth  of  January,  1790, 
the  southern  horn,  b  (Fig.  20),  appeared 


Fig.  20. 


Fig.  21. 


much  blunted,  with  an  enlightened  mountain, 
m,  in  the  dark  hemisphere,  which  he  estimated 
at  about  18,300  toises,  or  nearly  twenty -two 
miles  in  perpendicular  height.  It  is  quite  ob- 
vious that  if  such  a  bright  spot  as  here  repre- 
sented was  regularly  or  periodically  seen,  it 
must  indicate  a  very  high  elevation  on  the 
surface  of  the  planet,  and  its  precise  height 
will  depend  upon  its  distance  from  the  illumi- 
nated portion  of  the  disk,  or,  in  other  words, 
the  length  of  its  shadow.  It  is  precisely  in 
such  a  way  that  the  mountains  in  tliQ  moon 
are  distinguished.  Mr.  Schroeter  measured 
the  altitude  of  other  three  mountains,  and  ob- 
tained the  following  results :  height  of  the 
first,  nineteen  miles,  or  about  five  times  the 
height,  of  Chimborazo  ;  height  of  the  second, 
eleven  miles  and  a  half;  and  of  the  third,  ten 
miles  and  three  quarters.  These  estimates 
may,  perhaps,  require  certain  corrections  in 
future  observations. 

Atmosphere  of  Venus. — From  several  of 
Mr.  Schroetcr's  observations,  he  concludes  that 
Venus  has  an  atmosphere  of  considerable  ex- 
tent. On  the  tenth  of  September,  1791,  lie 
observed  that  the  southern  cusp  of  Venus  dis- 
appeared, and  was  bent  like  a  hook  about 
eight  seconds  beyond  the  luminous  semicircle 
into  the  dark  hemisphere.  The  northern  cusp 
had  the  same  tapering  termination,  but  did 
not  encroach  upoo  the  dark  part  of  the  disk. 
A  streak,  however,  of  glimmering  bluish  light 
proceeded  about  eight  seconds  along  the  dark 
line,  from  the  point  of  the  cusp,  from  b  to  e 
49 


(Fig.  21),  b  beino;  the  extremity  of  the  di- 
ameter of  a  b,  and  consequently,  the  natural 
termination  of  the  cusp.  The  streak  b  c, 
verging  to  a  pale  gray,  was  faint  when  com- 
pared with  the  light  of  the  cusp  at  b.  I  wa* 
struck  with  a  similar  appearance  when  ob- 
serving Venus,  when  only  thirty-five  hours 
past  her  inferior  conjunction,  on  March  11, 
1822,  as  formerly  noticed,  (p.  39).  One  of 
the  cusps,  at  least,  appeared  to  project  into  the 
dark  hemisphere,  like  a  fine  lucid  thread,  be- 
yond the  luminous  semicircle.  This  pheno- 
menon Mr.  Schioeter  considers  as  the  twili^hf, 
or  crepuscular  light  of  Venus.  From  these 
and  various  other  observations,  which  it  would 
be  too  tedious  to  detail,  he  concludes,  on  the 
ground  of  various  calculations,  that  the  dense 
part  of  the  atmosphere  of  Venus  is  about  16, 
020  feet,  or  somewhat  above  three  miles  high ; 
that  it  must  rise  far  above  the  highest  moun- 
tains ;  that  it  is  more  opaque  than  that  of  the 
moon;  and  that  its  density  is  a  sufficient  rea- 
son why  we  do  not  discover  on  the  surface  of 
Venus  those  superficial  shades  and  varieties 
of  appearance  which  are  to  be  seen  on  the 
other  planets 

Day  Observations  on  Venus. — The  most 
distinct  and  satisfactory  views  I  have  ever  ob- 
tained of  this  planet  were  taken  at  noonday, 
or  between  the  hours  of  ten  in  the  morning 
and  two  in  the  afternoon,  when  it  happened  to 
be  at  a  high  elevation  above  the  horizon, 
which  is  generally  the  case  during  the  sum- 
mer months.  The  light  of  this  planet  is  so 
brilliant,  that  its  surface  and  margin  seldom 
appear  well  defined  in  the  evening,  even  with 
the  best  telescopes.  But  in  the  daytime  its 
disk  and  margin  present  a  sharp  and  well-de- 
fined aspect  with  a  good  achromatic  telescope, 
and  almost  completely  free  of  those  undula- 
tions which  obscure  its  surface  when  near  the 
horizon.  The  following  figure  (No  1)  repre- 
sents one  of  the  appearances  of  Venus  which 
I  have  frequently  seen  in  the  daytime  when 
viewing  this  p&net  at  a  high  altitude  and  in 
a  serene  sky,  when  near  the  meridian,  by 
means  of  a  three-and-a-half  feet  achromatic 
telescope,  magnifying  about  150  times. 
Fig.  22. 


The  exterior  curve  of  the  planet,  as  here 
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exhibited,  appeared  far  more  lucid  and  bright 
than  the  interior  portion.  It  was  not  a  mere 
stripe  or  luminous  margin,  but  a  broad  semi- 
circle, of  a  breadth  nearly  one  third  of  the 
semidiameter  of  the  planet.  It  appeared  as 
if  it  were  a  kind  of  table-land,  or  a  more  ele- 
vated portion  of  the  planet's  surface,  while  the 
interior  and  darker  part  appeared  more  like  a 
plain,  diversified  with  inequalities,  and  two 
large  spots,  somewhat  darker  than  the  other 
parts,  were  faintly  marked.  The  appearance 
was  somewhat  similar  to  that  of  certain  por- 
tions of  the  level  parts  of  the  moon  which  lie 
adjacent  to  a  ridge  of  mountains  or  a  range  of 
elevated  ground.  I  have  exhibited  this  view 
of  Venus  at  different  times  to  various  indivi- 
duals, and  even  those  not  accustomed  to  look 
through  telescopes  could  plainly  perceive  it. 
I  consider  it  as  a  corroboration  of  the  fact,  that 
mountains  of  great  elevation  exist  on  the  sur- 
face of  this  planet.  There  appeared  likewise 
some  slight  indentations  in  the  boundary 
which  separated  the  dark  from  the  enlightened 
hemisphere,  which  circumstance  leads  to  the 
same  conclusions.  If  the  whole  hemisphere 
of  the  planet  had  been  enlightened,  it  would 
propably  have  appeared  as  in  No.  2.  On  the 
whole,  I  am  of  opinion  that  future  discoveries 
in  relation  to  Venus  will  be  chiefly  made  in 
the  daytime,  by  large  telescopes  adapted  to 
equatorial  machinery,  when  such  instruments 
shall  be  brought  into  use  more  than  they  have 
hitherto  been.  Venus,  however,  is  the  only 
planet  on  which  useful  observations  can  be 
made  in  the  daytime  ;  for  although  several  of 
the  other  planets  can  be  perceived,  even  at 
noonday,  particularly  Jupiter,  yet  they  present 
a  very  obscure  and  cloudy  appearance  com- 
pared with  Venus,  on  account  of  the  compa- 
ratively small  quantity  of  solar  light  which 
falls  upon  their  surfaces. 

Supposed  Satellite  of  Venus. — Several  as- 
tronomers have  been  of  opinion  that  Venus  is 
attended  with  a  satellite,  although  it  is  seldom 
to  be  seen.  It  may  not  be  improper  to  give 
the  reader  an  abridged  view  of  the  observa- 
tions on  which  this  opinion  is  founded,  that 
he  may  be  able  to  judge  for  himself.  The 
celebrated  Cassini,  who  discovered  the  rota- 
tion of  Mars,  Jupiter,  and  Venus,  and  four  of 
the  satellites  of  Saturn,  was  the  first  who 
broached  this  opinion.  The  following  is  his 
account  of  the  observations  on  which  it  is 
founded  : 

"  1686,  August  18,  at  fifteen  minutes  past 
four  in  the  morning,  looking  at  Venus  with  a 
telescope  of  thirty-four  feet.  I  saw  at  the  dis- 
tance of  three  fifths  of  her  diameter,  eastward, 
a  luminous  appearance,  of  a  shape  not  well 
denned,  that  seemed  to  have  the  same  phase 
with  Venus,  which  was  then  gibbous  on  the 
western  side.  The  diameter  of  this  phenome- 
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non  was  nearly  equal  to  a  fourth  part  of  th* 
diameter  of  Venus.  I  observed  it  attentively 
for  a  quarter  of  an  hour,  and,  having  left  off 
looking  at  it  for  four  or  five  minutes,  I  saw  it 
no  more  ;  but  daylight  was  then  advanced. 
I  had  seen  a  like  phenomenon,  which  resem- 
bled the  phase  of  Venus,  on  January  25th, 
1672,  from  fifty -two  minutes  after  six  in  the 
morning  to  two  minutes  after  seven,  when  the 
brightness  of  the  twilight  caused  it  to  disap- 
pear. Venus  was  then  horned,  and  this  phe- 
nomenon, the  diameter  of  which  was  nearly 
a  fourth  part  of  the  diameter  of  Venus  was  of 
the  same  shape.  It  was  distant  from  the  south- 
ern horn  of  Venus,  a  diameter  of  Venus  on  the 
western  side.  In  these  two  observations  I 
was  in  doubt  whether  it  was  not  a  satellite 
of  Venus,  of  such  a  consistence  as  not  to  be 
very  well  fitted  to  reflect  the  light  of  the  sun, 
andwhich,  in  magnitude,  bore  nearly  the  same 
proportion  to.  Venus  as  the  moon  does  to 
the  earth,  being  at  the  same  distance  from  the 
sun  and  the  earth  as  Venus  was,  the  phases 
of  which  it  resembled." 

In  the  year  1740,  October  23,  at  sunrise, 
Mr.  Short,  with  a  reflecting  telescope  of  six- 
teen inches  and  a  half,  which  magnified  about 
sixty  times,  perceived  a  small  star  at  the  dis- 
tance of  about  ten  seconds  from  Venus ;  and, 
putting  on  a  magnifying  power  of  240  times, 
he  found  the  star  put  on  the  phase  of  Venus. 
He  tried  another  magnifying  power  of  140 
times,  and  even  then  found  the  star  to  have 
the  same  phase.  Its  diameter  seemed  about 
a  third  of  the  diameter  of  Venus.  Its  light 
was  not  so  bright  or  vivid,  but  exceedingly 
sharp  and  well  defined.  A  line  passing 
through  the  centre  of  Venus  and  it  made  an 
angle  with  the  equator  of  about  twenty  de- 
grees. He  saw  it,  for  the  space  of  an  hour, 
several  times  that  morning ;  but,  the  light  of 
the  sun  increasing,  he  lost  it  about  a  quarter 
of  an  hour  after  eight.  He  says  he  looked  for 
it  every  clear  morning  after  this,  but  never 
saw  it  again.* 

A  similar  phenomenon  is  described  as 
having  been  seen  by  Bauoouin,  Montaigne, 
Rodkier,  Montbarron,  and  other  astronomers, 
and,  from  their  observations,  the  celebrated 
M.  Lambert,  in  the  "  Memoirs  of  the  Academy 
of  Berlin  "  for  1773,  gave  a  theory  of  the 
satellite  of  Venus,  in  which  he  concludes  that 
its  period  is  eleven  days,  five  hours,  and  thir- 
teen minutes ;  the  inclination  of  its  orbit  to 
the  ecliptic,  63£°  ;  its  distance  from  Venus, 
66£  radii  of  that  planet ;  and  its  magnitude, 
4-27  of  that  of  Venus,  or  nearly  equal  to  that 
of  our  moon.  There  is  a  singular  consistency 
in  these  observations,  which  it  is  difficult  to 
account  for  if  Venus  have  no  satellite.  Astro- 

*  "  Philosophical  Transactions,"  No.  459,  for 
January,  February  and  March,  1741. 
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nomers  expected  that  such  a  body,  if  it  exist- 
ed, would  be  seen  as  a  small  dark  spfct  upon 
the  sun  at  the  time  of  the  transits  of  Venus  in 
1761  and  1769;  but  no  such  phenomenon 
seems  to  have  been  noticed  at  those  times  by 
any  of  the  observers.  Lambert,  however, 
maintains,  from  the  tables  he  calculated  in  re- 
lation to  this  body,  that  the  satellite,  if  it  did 
exist,  might  not  have  passed  over  the  sun's 
disk  at  the  time  of  the  transits,  but  he  expected 
that  it  might  be  seen  alone  on  the  sun  when 
Venus  passed  near  that  luminary.  ^ 

The  following  is  a  particular  account  of  the 
observations  made  by  Mr.  Montaigne  : — May 
3,  1760,  he  perceived,  at  twenty  minutes  dis- 
stances  from  Venus,  a  small  crescent,  with 
the  horns  pointing  the  same  way  as  those  of 
Venus.  Its  diameter  was  a  fourth  of  that  of 
its  primary ;  and  a  line  drawn  from  Venus  to 
the  satellite  made,  below  Venus,  an  angle 
with  the  vertical  of  about  twenty  degrees  to- 
wards the  south,  as  in  Fig.  22,  No.  3,  where 
Z  N  represents  the  vertical,  and  E  C  a  paral- 
Fig.  22.— No.  3. 
North. 


South. 

lei  to  the  ecliptic,  making  then  an  angle  with 
the  vertical  of  forty-five  degrees.  The  num- 
bers 3,  4,  7,  11  mark  the  situations  of  the  sa- 
tellite on  the  respective  days.  May  4th,  at 
the  same  hour,  he  saw  the  same  star,  distant 
from  Venus  about  one  minute  more  than  be- 
fore, and  making  an  angle  with  the  vertical  of 
ten  degrees  below,  but  on  the  north  side ;  so 
that  the  satellite  seemed  to  have  described  an 
arc  of  about  thirty  degrees,  whereof  Venus 
was  the  centre,  and  the  radius  twenty  minutes. 
The  two  following  nights  being  hazy,  Venus 
could  not  be  seen.  But  May  7th,  at  the  same 
hour  as  on  the  preceding  days,  he  saw  the 
satellite  again,  but  above  Venus,  and  on  the 
north  side,  as  represented  at  7,  between  twen- 
ty-five and  twenty-six  minutes,  upon  a  line 
which  made  an  angle  of  forty-five  degrees 
with  the  vertical  towards  the  right  hand.  It 


appears  by  the  figure  that  the  points  3  and  7 
would  have  been  diametrically  opposite  if  the 
satellite  had  gone  fifteen  degrees  more  round 
the  central  point  where  Venus  is  represented. 
May  llth,  at  nine  o'clock  p.  M.,the  only  night 
when  the  view  of  the  planet  was  not  obscured 
by  moonlight,  twilight,  or  clouds,  the  satellite 
appeared  nearly  at  the  same  distance  from 
Venus  as  before,  making  with  the  vertical  an 
angle  of  forty-five  degrees  towards  the  south, 
and  above  its  primary.  The  light  of  the  satel- 
lite was  always  very  weak  ;  but  it  had  always 
the  same  phase  with  its  primary,  whether 
viewed  with  it  in  the  field  of  the  telescope  or 
alone  by  itself.  He  imagined  that  the  reason 
why  the  satellite  had  been  so  freqently  looked 
for  without  success  might  be,  that  one  part  of 
its  globe  was  crusted  over  with  spots,  or  other- 
wise unfit  to  reflect  the  light  of  the  sun  with 
any  degree  of  brilliancy,  as  is  supposed  to  be 
the  case  with  the  fifth  satellite  of  Saturn. 

It  is  evident  that,  if  Venus  have  a  satellite, 
it  must  be  difficult  to  be  seen,  and  can  only 
be  perceived  in  certain  favourable  positions. 
It  cannot  be  seen  when  nearly  the  whole  of 
its  enlightened  hemisphere  is  turned  to  the 
earth,  on  account  of  its  great  distance  at  such 
a  time,  and  its  proximity  to  the  sun ;  nor 
could  it  be  expected  to  be  seen  when  the 
planet  is  near  its  inferior  conjunction,  as  it 
would  then  presetit  to  the  earth  only  a  very 
slender  crescent,  besides  being  in  the  imme- 
diate neighbourhood  of  the  sun.  The  best 
position  in  which  such  a  body  might  be  de- 
tected is  near  the  time  of  the  planet's  greatest 
elongation,  and  when  it  would  appear  about 
half  enlightened.  If  the  plane  of  its  orbit  be 
nearly  coincident  with  the  plane  of  the  planet's 
orbit,  it  will  be  frequently  hidden  by  the  inter- 
position of  the  body  of  Venus,  and  likewise 
when  passing  along  her  surface  in  the  oppo- 
site point  of  its  orbit ;  and  if  one  side  of  this 
body  be  unfitted  for  reflecting  much  light,  it 
will  account  in  part  for  its  being  seldom  seen. 
It  is  not  sufficient  in  this  case,  to  say,  as  Sir 
David  Brewster  has  done,  "that  Mr.  War- 
gentin  had  in  his  possession  a  good  achromatic 
telescope,  which  always  showed  Venus  with 
such  a  satellite,  and  that  the  deception  was 
discovered  by  turning  the  telescope  about  its 
axis."  For  we  cannot  suppose  that  such 
accurate  observers  as  those  mentioned  above 
would  have  been  deceived  by  such  an  optical 
illusion ;  and,  besides,  the  telescopes  which 
were  used  in  the  observations  alluded  to  were 
both  refractors  and  reflectors,  and  it  is  not 
likely  that  both  kinds  of  instruments  would 
produce  an  illusion,  especially  when  three 
different  powers  were  applied,  as  in  Mr. 
Short's  observations.  Were  the  attention  of 
astronomers  more  particularly  directed  to  this 
point  than  it  has  hitherto  been;  were  the 
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number  of  astronomical  observers  increased 
to  a  much  greater  degree  than  at  present; 
and  were  frequent  observations  on  this  planet 
made  in  the  clear  and  serene  sky  of  tropical 
climes,  it  is  not  improbable  that  a  decisive 
opinion  might  soon  be  formed  on  this  point ; 
and,  if  a  satellite  were  detected,  it  would  tend 
to  promote  the  progress  and  illustrate  the 
deductions  of  physical  astronomy.  It  is  some- 
what probable,  reasoning  a  priori,  that  Venus, 
a  planet  nearly  as  large  as  the  earth,  and  in  its 
immediate  neighbourhood,  is  accompanied  by 
a  secondary  attendant. 

Transits  of  Venus. — This  planet,  when  in 
certain  positions,  is  seen  to  pass  like  a  round 
black  spot  across  the  disk  of  the  sun.  These 
transits,  as  they  are  called,  are  of  rare  occur- 
rence, and  take  place  at  intervals  of  8  and  113 
years.  If  the  plane  of  the  orbit  of  Venus  ex- 
actly coincided  with  that  of  the  earth,  a  transit 
would  happen  at  regular  intervals  of  little 
more  than  nineteen  months ;  but  as  one  half 
of  this  planet's  orbit  is  three  degrees  and  a 
half  below  the  plane  of  the  earth's  orbit,  and 
the  other  half  as  much  above  it,  a  transit  can 
only  take  place  when  it  happens  to  be  in  one 
of  the  nodes ,  or  intersections  of  the  orbits, 
abo*it  the  time  of  its  inferior  conjunction. 
These  transits  of  Venus  are  phenomena  of 
very  great  importance  in  astronomy,  as  it  is 
owing  to  the  observations  which  have  been 
made  on  them,  and  the  calculations  founded 
on  these  observations,  that  the  distance  of  the 
sun  has  been  very  nearly  ascertained,  and  the 
dimensions  of  the  planetary  system  determined 
to  a  near  approximation  to  the  truth.  It  would 
be  too  tedious  to  enter  into  a  particular  expla- 
nation of  the  process  and  calculations  con- 
nected with  this  subject,  and  therefore  I  shall 
only,  in  a  few  words,  explain  the  principle 
on  which  the  deductions  are  founded.  Sup- 
pose B  A  (Fig.  23)  to  represent  the  earth ; 
V,  Venus;  and  S  the  sun.  Suppose  two 

Fig.  23. 


spectators,  A  and  B,  at  opposite  extremi- 
ties of  that  diameter,  of  the  earth  which  is 
perpendicular  to  the  ecliptic ;  then,  at  the  mo- 
ment when  the  observer  at  B  sees  the  centre 
of  the  planet  projected  at  D,  the  observer  at 
A  will  see  it  projected  at  C.  If,  then,  the 
two  observers  can  mark  tlie  precise  position 
of  Venus  on  the  sun's  disk  at  any  given  mo- 
ment, or  note  the  precise  time  of  ingress  or 
egress  of  the  planet,  the  angular  measure  of 
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C  D,  as  seen  from  the  earth,  might  be  ascer- 
tained. .  Since  A  C  and  B  D  are  straight 
lines  crossing  each  other  at  v,  they  conse- 
quently make  equal  angles  on  each  side  of 
the  point  v ;  and  C  D  will  be  to  B  A  as  the 
distance  of  Venus  from  the  sun  is  to  her  dis- 
tance from  the  earth ;  that  is,  as  68  to  27,  or 
nearly  as  2$  to  1 :  for  Venus  is  68  millions 
of  miles  from  the  sun,  and  27  millions  from 
the  earth,  at  the  time  of  a  transit  or  an  inferior 
conjunction.  C  D,  therefore,  occupies  a  space 
on  the  sun's  disk  2^  times  as  great  as  the 
earth's  apparent  diameter  at  the  distance  of 
the  sun ;  or,  in  other  words,  it  is  equal  to  five 
times  the  sun's  horizontal  parallax ;  and,  there- 
fore, any  error  that  might  occur  in  measuring 
it  will  amount  to  only  one-firth  of  that  error 
on  the  horizontal  parallax  that  may  be  deduced 
from  it ;  and  it  is  on  the  ground  of  this  parallax 
that  the  distance  of  the  sun  is  determined. 
The  result  of  all  the  observations  made  on  the 
transits  which  happened  in  1761  and  1769 
gives  about  84  seconds  as  the  horizontal  pa- 
rallax of  the  sun,  which  makes  his  distance 
95  millions  of  miles.  The  distance  is  con- 
sidered by  the  most  enlightened  astronomers 
as  within  one-fftieth  part  of  the  true  dis- 
tance of  the  sun  from  the  earth ;  so  that  no 
future  observations  will  alter  this  distance  so 
as  to  increase  or  diminish  it  by  more  than 
two  millions  of  miles. 

The  future  transits  of  Venus  for  the  next 
400  years  are  as  follows : 

hours,  minutes. 

1874,  December  9th 4     8  A.M. 

1882,  December  6th 4  16  P.M. 

2004,  June  8th 8  51  A.M. 

2012,  June  6th 1   17  A.M. 

2117,  December  llth  ...  2  57  A.M. 

2125,  December  8th 3     9  P.M. 

2247,  June  Jlth 0  21  P.M. 

2255,  June  9th 4  44  A.M. 

Some  of  these  transits  will  last  nearly  seven 
hours.  The  next  two  transits  will  not  be 
visible  throughout  their  whole  duration  in 
Britain  or  in  most  countries  in  Europe.  Such 
was  the  importance  attached  to  the  observa- 
tions of  the  last  transits  in  1761  and  1769, 
that  several  of  the  European  states  fitted  out 
expeditions  to  different  parts  of  the  world,  and 
sent  astronomers  with  them,  to  make  the  re- 
quisite observations.  This  was  one  end, 
among  others,  of  the  celebrated  expedition  of 
Captain  Cook,  in  1769,  to  the  islands  of  the 
Pacific  Ocean ;  and  the  transit  was  observed 
in  Tahiti,  now  so  celebrated  on  account  of  the 
moral  revolution  which  has  lately  taken  place 
among  its  inhabitants. 

Magnitude,  and  Extent  of  Surface  on  this 
Planet. — The  diameter  of  Venus  has  been 
computed  at  about  7800  miles;  and,  conse- 
quently, its  surface  contains  191,134,944,  or 
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above  191  millions  of  square  miles.  Taking, 
as  formerly,  the  population  of  England  as  a 
standard,  this  planet  would  contain  a  number 
of  inhabitants  equal  to  more  than  53,500 
millions,  or  nearly  sixty-seven  times  the  popu- 
lation of  our  globe.  It  does  not  appear  that 
any  great  quantity  of  water  exists  upon  this 
planet,  otherwise  there  would  be  a  greater 
contrast  between  the  different  parts  of  its  sur- 
face, the  water  presenting  a  much  darker  hue 
than  the  land.  For,  if  from  a  high  mountain 
we  survey  a  scene  in  which  a  portion  of  a 
large  river  or  of  the  ocean  is  contained,  when 
the  sun  is  shining  on  all  the  objects,  we  shall 
find  that  the  water  presents  a  much  darker 
appearance  than  the  land,  as  it  absorbs  the 
greater  part  of  the  rays  of  light,  except  in  a 
few  points  between  our  eyes  and  the  sun, 
where  his  rays  are  reflected  from  the  surface 
of  the  fluid ;  but  these  partial  reflections 
would  be  altogether  invisible  at  the  distance 
of  the  nearest  planet.  It  is  pretty  evident, 
however,  from  what  has  been  formerly  stated, 
that  there  is  a  great  diversity  of  surface  on 
this  planet ;  and  if  some  of  its  mountains  be 
more  than  twenty  miles  in  elevation,  they  may 
present  to  view  objects  of  sublimity  and 
grandeur,  and  from  their  summits  extensive 
and  diversified  prospects  of  which  we  can 
form  no  adequate  conception.  So  that  Venus, 
although  a  small  fraction  smaller  than  the 
earth,  may  hold  a  rank  in  the  solar  system  and 
in  the  empire  of  the  almighty,  in  point  of 
population  and  sublimity  of  scenery,  far  sur- 
passing that  of  the  world  in  which  we  dwell. 
Having  dwelt  so  long  on  the  phenomena 
of  this  planet,  I  shall  state  only  the  following 
additional  particulars  :  The  quantity  of  light 
on  Venus  is  nearly  twice  as  great  as  that  on 
the  earth,  which  will,  doubtless,  have  the  ef- 
fect of  causing  all  the  colours  reflected  from 
the  different  parts  of  the  scenery  of  that  planet 
to  present  a  more  vivid,  rich,  and  magnificent 
appearance  than  with  us.  Is  is  probable,  too, 
that  a  great  proportion  of  the  objects  on  its  sur- 
face are  fitted  to  reflect  the  solar  rays  with 
peculiar  splendour  ;  for  its  light  is  so  intense 
as  to  be  distinctly  seen  by  telescopes  in  the 
daytime;  and,  during  night,  the  eye  is  so 
overpowered  by  its  brilliancy  as  to  prevent  its 
surface  and  margin  from  being  distinctly  per- 
ceived. Were  we  to  indulge  our  imaginations 
on  this  subject,  this  circumstance  might  lead 
us  to  form  various  conceptions  of  the  glory 
and  magnificence  of  the  diversified  objects 
which  may  be  presented  to  the  view  of  the  in- 
tellectual beings  who  inhabit  this  world  ;  but, 
in  the  mean  time,  we  have  no  sufficient  data 
to  warrant  us  in  indulging  in  conjectural 
speculations.  The  apparent  size  of  the  sun 
as  seen  from  Venus,  compared  with  his  mag- 
nitude as  seen  from  the  earth,  is  represented 


in  fig.  24  ,the  larger  circle  showing  the  size  of 
the  sun  from  Venus. 


Fig.  24. 


With  regard  to  the  heat  in  this  planet,  ac- 
cording to  the  principles  and  facts  formerly 
stated  (page  34),  it  may  be  modified  by  the 
constitution  of  its  atmosphere  and  the  nature 
of  the  substances  which  compose  its  surface, 
so  that  its  intensity  may  not  be  so  great  as  we 
might  imagine  from  its  nearness  to  the  sun. 
Even  on  the  supposition  that  the  intensity  of 
the  heat  of  any  body  is  inversely  as  the  square 
of  its  distance  from  the  sun,  it  has  been  calcu- 
lated that  the  greatest  heat  in  Venus  exceeds 
the  heat  of  St.  Thomas,  on  the  coast  of  Gui- 
nea, or  of  Sumatra,  about  as  much  as  the 
heat  in  those  places  exceeds  that  of  the  Ork- 
ney Islands  or  that  of  the  city  of  Stockholm  ; 
and,  therefore,  at  60  degrees  north  latitude  on 
that  planet,  if  its  axis  were  perpendicular  to 
the  plane  of  its  orbit,  the  heat  would  not  ex- 
ceed the  greatest  heat  of  the  earth,  and,  of 
course,  vegetation  like  ours  could  be  carried 
on,  and  animals  of  a  terrestrial  species  might 
subsist.  But  we  have  no  need  to  enter  into 
such  calculations  in  order  to  prove  the  habita- 
bility  of  Venus,  since  the  Creator  has,  doubt- 
less, in  this  as  well  as  in  every  other  case, 
adapted  the  structure  of  the  inhabitant,  to  the 
nature  of  the  habitation. 

In  addition  to  the  above,  the  following  facts 
may  be  stated  :  Venus  revolves  in  an  orbit 
which  is  433,800,000  of  miles  in  circumference 
in  the  space  of  224  days  1 6  hours  ;  its  rate  of 
motion  is  therefore  about  eighty  thousand  miles 
every  hour,  one  thousand  three  hundred  and 
thirty  miles  every  minute,  and  above  twenty- 
two  miles  every  second.  Its  distance  from  the 
sun  is  68  millions  of  miles ;  and  its  distance 
from  the  earth,  when  nearest  us,  is  about  27 
millions  of  miles,  which  is  the  nearest  ap- 
proach that  any  of  the  heavenly  bodies  (except 
the  moon)  make  to  the  earth.  Yet  this  dis- 
tance, when  considered  by  itself,  is  very  great ; 
for  it  would  require  a  cannon  ball  six  years 
and  three  months  to  move  from  the  earth  to 
the  nearest  point  of  the  orbit  of  Venus,  al- 
though it  were  flying  every  moment  at  the 
rate  of  500  miles  an  hour,  or  12,000  miles  a 
day.  Were  the  enlightened  hemisphere  of  the 
planet  turned  to  the  earth  when  it  is  in  this 
nearest  point  of  its  orbit,  it  would  appear  like 
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a  brilliant  moon,  twenty-five  times  larger  than 
it  generally  does  to  the  naked  eye  ;  but  at 
that  time  its  light  side  is  turned  to  the  sun  and 
away  from  the  earth.  At  its  greatest  distance 
from  us  it  is  163  millions  of  miles  from  the 
earth.  The  period  of  its  greatest  brightness 
is  when  it  is  about  forty  degrees  from  the  sun, 
either  before  or  after  its  inferior  conjunction, 
at  which  time  there  is  only  about  one  fourth 
part  of  its  disk  that  appears  enlightened.  In 
this  position  it  may  sometimes  be  seen  with 
the  naked  eye  even  amid  the  splendours  of 
noonday.  In  the  evening  it  casts  a  distinct 
shadow  on  a  horizontal  plane.  Sir  John 
Herschel  remaiks,  that  this  shadow,  to  be  dis- 
tinguished, "  must  be  thrown  upon  a  white 
ground.  An  open  window  in  a  whitewashed 
room  is  the  best  exposure  ;  in  this  situation  I 
have  observed  not  only  the  shadow,  but  the 
diffracted  fringes  edging  its  outline."  The 
density  of  Venus  compared  with  that  of  the 
sun  is  as  1  to  383,137,  according  to  La 
Place's  calculations,  while  that  of  the  earth  is 
as  1  to  329,630  ;  so  that  the  earth  is  some- 
what denser  than  Venus.  A  body  weighing 
one  pound  on  the  earth  will  weigh  only  15  oz. 
10  dr.  on  the  surface  of  Venus.  The  eccen- 
tricity of  the  orbit  of  Venus  is  less  than  that 
of  any  of  the  other  planets  ;  it  amounts  to 
492,000  miles,  which  is  only  the  1-276  part  of 
the  diameter  of  its  orbit,  which,  consequently, 
approaches  very  nearly  to  a  circle.  The  in- 
clination of  its  orbit  to  the  ecliptic  is  3°  23' 
33".  Its  mean  apparent  diameter  is  17",  and 
its  greatest  about  57$".  Its  greatest  elonga- 
tion from  the  sun  varies  from  45°  to  47°  12'. 
Its  mean  arc  of  retrogradafion,  or  when  it 
moves  from  east  to  west  contrary  to  the  order 
of  the  signs,  is  16°  12',  and  its  mean  dura- 
tion forty-two  days,  commencing  or  ending 
when  it  is  about  28°  48'  distant  from  the  sun. 
Such  is  a  condensed  view  of  most  of  the 
facts  in  relation  so  Venus  which  may  be  con- 
sidered as  interesting  to  the  general  reader. 

III.  OT  THE  EARTH,  CONSIDERED  AS  A  PLATTET. 

In  exhibiting  the  scenery  of  the  heavens, 
it  is  not  perhaps  absolutely  necessary  to  enter 
into  any  particular  description  of  the  earth  ; 
but  as  it  is  the  only  planetary  body  with  which 
we  are  intimately  acquainted,  and  the  only 
standard  by  which  we  can  form  a  judgment  of 
the  other  planetary  globes,  and  as  it  is  con- 
nected with  them  in  the  same  system,  it  may 
be  expedient  to  state  a  few  facts  in  relation  to 
its  figure,  motion,  structure,  and  general  ar- 
rangements. 

The  earth,  though  apparently  a  quiescent 
body  in  the  centre  of  the  heavens,  is  suspend- 
ed in  empty  space,  surrounded  on  all  sides  by 
«.he  celestial  luminaries  and  the  spaces  of  the 
firmament.  Though  it  appears  to  our  view  to 
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occupy  a  space  larger  than  all  the  heavenly 
orbs,  yet  it  is,  in  fact,  almost  infinitely  smaller, 
and  holds  a  rank  only  with  the  smaller 
bodies  of  the  universe ;  and,  although  it  ap- 
pears to  the  eye  of  sense  immovably  fixed  in 
the  same  position,  yet  it  is,  in  reality,  flying 
through  the  ethereal  spaces  at  the  rate  of  more 
than  a  thousand  miles  every  minute,  as  we 
have  already  demonstrated.  The  figure  of 
the  earth  is  now  ascertained  to  be  that  of  an 
oblate  spheroid,  very  nearly  approaching  to 
the  figure  of  a  globe.  An  orange  and  a  com- 
mon turnip  are  oblate  spheriods,  and  are  fre- 
quently exhibited  to  illustrate  the  figure  of 
the  earth.  But  they  tend  to  convey  an  erro- 
neous idea ;  for,  although  a  spheroid  of  ten 
feet  diameter  were  constructed  to  exhibit  the 
true  figure  of  the  earth,  no  eye  could  distin- 
guish the  difference  between  such  a  spheroid 
and  a  perfect  globe,  since  the  difference  of  its 
two  diameters  would  scarcely  exceed  one 
third  of  an  inch ;  whereas,  if  its  diameters 
bore  the  same  proportion  to  each  other  as  the 
two  diameters  of  an  orange  generally  do,  its 
polar  diameter  would  be  nearly  one  foot  three, 
inches  shorter  than  its  equatorial. 

Before  the  time  of  Newton  it  was  never 
suspected  that  the  figure  of  the  earth  differed 
in  any  degree  from  that  of  a  perfect,  sphere, 
excepting  the  small  inequalities  produced  by 
the  mountains  and  vales.  The  first  circum- 
stance which  led  to  the  determination  of  its 
true  figure  was  an  accidental  experiment  made 
with  a  pendulum  near  the  equator.  M.  Richer, 
a  Frenchman,  in  a  voyage  made  to  Cayenne, 
which  lies  near  the  equator,  found  that  the 
pendulum  of  his  clock  no  longer  made  its  vi- 
brations so  frequently  as  in  the  latitude  of 
Paris,  and  that  it  was  absolutely  necessary  to 
shorten  it  in  order  to  make  it  agree  with  the 
times  of  the  stars  passing  the  meridian.  Some 
years  after  this,  Messrs.  Deshayes  and  Varin, 
who  were  sent  by  the  French  king  to  make 
certain  astronomical  observations  near  the 
equator,  found  that  the  pendulum  at  Cayenne 
made  148  vibrations  less  in  a  day  than  at 
Paris,  and  that  his  clock  was  retarded  by  that 
means  two  minutes  twenty-eight  seconds  ;  and 
was  obliged  to  make  his  pendulum  shorter  by 
two  lines,  or  the  sixth  part  of  a  Paris  inch,  in 
order  to  make  the  time  agree  with  that  de- 
duced from  celestial  observations.  Similar 
experiments,  attended  with  the  same  results, 
were  made  at  Martinique,  St.  Domingo,  St. 
Helena,  Goree,  on  the  coast  of  Africa,  and 
various  other  places,  in  all  which  it  was  found 
that  the  alteration  was  the  greatest  under  the 
equator,  and  that  it  diminished  as  the  observer 
approached  the  northern  latitudes.  This  dis- 
covery, trifling  as  it  may  at  first  sight  appear, 
opened  a  new  field  of  investigation  to  philoso- 
phic minds ;  and  there  arc,  perhaps,  few  facts 
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throughout  the  range  of  science  from  which 
so  many  curious  and  important  facts  have 
been  deduced.  Sir  Isaac  Newton  and  M. 
Huygens  were  among  the  first  who  perceived 
the  extensive  application  of  this  discovery, 
and  the  important  results  to  which  it  might 
lead.  Newton,  whose  penetrating  eye,  traced 
the  fact  through  all  its  bearings  and  remote 
consequences,  at  once  perceived  that  the  earth 
must  have  some  other  figure  than  what  was 
commonly  supposed,  and  demonstrated  that 
this  diminution  of  weight  naturally  arises  from 
the  earth's  rotation  round  its  axis,  which,  ac- 
cording to  the  laws  of  circulai  motion,  repels 
all  heavy  bodies  from  the  axis  of  motion  ;  so 
that,  this  motion  being  swifter  at  the  equator 
than  in  other  parts  more  remote,  the  weight 
of  bodies  must  also  be  less  there  than  near  the 
poles.  All  heavy  bodies,  when  left  to  them- 
selves, fall  towards  the  earth  in  lines  perpen- 
dicular to  the  horizon  ;  and,  were  those  lines 
continued,  they  would  all  pass  through  the 
earth's  centre.  Every  part  of  the  earth,  there- 
fore, gravitates  towards  the  centre  ;  and  as  this 
force  is  found  to  be  about  289  times  greater 
than  that  which  arises  from  the  rotation  of 
the  earth,  a  certain  balance  will  constantly  be 
maintained  between  them,  and  the  earth  will 
assume  such  a  figure  as  would  naturally  result 
from  the  difference  of  these  two  opposite 
forces.  From  various  considerations  and  cir- 
cumstances of  this  kind,  Newton  founded  his 
sublime  calculations  on  this  subject ;  and,  as 
Fontenelle  remarks,  "  determined  the  true 
figure  of  the  earth  without  leaving  his  elbow- 
chair." 

Newton  and  Huygens  were  both  engaged 
in  these  investigations  at  the  same  time,  un- 
known to  each  other,  but  the  results  of  their 
calculations  were  nearly  alike.  They  demon- 
strated, from  the  known  laws  of  gravitation, 
that  the  true  figure  of  the  earth  was  that  of  an 
oblate  spheroid,  flattened  at  the  poles,  and  pro- 
tuberant at  the  equator ;  that  the  proportion 
between  its  polar  and  equatorial  diameters  is 
as  229  to  230,  and,  consequently,  that  the 
polar  diameter  is  shorter  than  the  equatorial 
by  about  thirty-four  miles.*  If  these  deduc- 
tions be  nearly  correct,  it  follows  that  a  degree 
of  latitude  in  the  polar  regions  must  measure 
more  than  a  degree  near  the  equator.  To 
determine  this  point  by  actual  measurement, 
it  was  ordered  by  the  French  king  that  a  de- 
gree should  be  measured  both  at  the  equator 
and  within  the  polar  circle.  Messrs.  Mauper- 
tuis,  Clairaut,  and  others  were  sent  to  the 
north  of  Europe,  and  Messrs.  Bouger,  Godin, 

*  From  a  comparison  of  the  length  of  different 
4egrees  of  the  meridian,  lately  measured,  it  is 
probable  that  the  difference  of  the  diameters  is 
•omewhat  less  than  is  here  stated.  Its  equatorial 
diameter  is  about  7934  miles,  and  its  polar  about 


and  La  Condamine  to  Peru,  in  South  Ame- 
rica. The  first  of  these  companies  began  their 
operations  at  Tornea,  near  the  Gulf  of  Both- 
nia, in  July,  1736,  and  finished  them  in  June, 
1737.  Those  who  were  sent  to  Peru,  having 
greater  difficulties  to  encounter,  did  not  finish 
their  survey  till  the  year  1741.  The  results 
of  these  measurements  were,  that  a  degree  of 
the  meridian  in  Lapland  contains  344,627 
French  feet,  and  a  degree  of  the  meridian  at 
the  equator  340,606  ;  so  that  a  degree  in  Lap* 
land  is  4021  French  feet,  or  4280  English 
feet,  longer  than  a  degree  at  the  equator  ;  that 
is,  they  differ  about  six  and  a  half  English 
furlongs,  or  8-10th  of  a  mile.  But  if  the  earth 
had  been  a  perfect  sphere,  a  degree  of  the 
meridian  in  every  latitude  would  have  been 
found  precisely  of  the  same  length.  This 
spheroidal  figure  is  not  peculiar  to  the  earth  ; 
for  the  planets  Saturn,  Jupiter,  and  Mars  are 
likewise  found  to  be  spheroids,  and  some  ol 
them  much  flatter  at  the  poles  than  the  earth. 
The  difference  between  the  polar  and  equa- 
torial diameters  of  Jupiter  is  more  than  6000 
miles. 

From  the  circumstances  stated  above,  we 
may  learn  that  the  most  minute  facts  connected 
with  the  system  of  nature  ought  to  be  care- 
fully observed,  investigated,  and  recorded,  as 
they  may  lead  to  important  conclusions,  which, 
at  first  view,  we  may  be  unable  to  trace  or  to 
appreciate  ;  for  in  the  system  of  the  material 
world,  the  greatest  and  most  sublime  effects 
are  sometimes  produced  from  .  apparently 
simple  and  even  trivial  causes.  Who  could 
have  imagined  that  such  a  simple  circumstance 
as  the  retardation  of  clocks  in  southern  climes, 
and  the  shortening  or  lengthening  of  a  pendu- 
lum, would  lead  to  such  an  important  disco- 
very as  the  spheroidal  figure  of  the  earth ! 
Hence  we  may  conclude,  that  if  ten  thousands 
of  rational  observers  of  the  facts  of  nature 
were  to  be  added  to  those  who  iio\  exist, 
.many  parts  of  the  scenery  of  the  universe 
which  are  now  involved  in  darkness  and  my- 
stery might  ere  long  be  unfolded  to  our  view. 

Generul  Aspect  of  the  Earth's  Surface. — 
The  most  prominent  and  distinguishing  fea- 
ture of  the  surface  of  our  globe  is  the  two 
bands  of  land  and  of  water  into  which  it  is 
divided.  These  bands  present  a  somewhat 
irregular  appearance  and  form,  but  their 
greatest  length  is  from  north  to  south.  One 
of  these  bands  of  land,  generally  denominated 
the  eastern  continent,  comprehends  Europe, 
Africa,  and  Asia,  and  extends  from  the  Cape 
of  Good  Hope  on  the  south  to  the  north-east- 
ern extremity  of  Kamtschatka,  in  which  direc- 
tion its  length  measures  about  10,000  miles. 
Its  greatest  breadth  from  Corea,  or  the  eastern 
parts  of  Chinese  Tartary,  to  the  western  ex- 
tremity of  Africa,  is  about  9000  miles.  The 
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other  band  of  earth  is  the  tvestern  continent, 
comprehending  North  and  South  America,  ly- 
ing between  the  Atlantic  on  the  cast  and  the 
Pacific  ocean  on  the  west.  Its  greatest  length 
is  about  8000  miles  from  north  to  south,  and 
its  greatest  breadth,  from  Nootka  Sound  to 
Newfoundland,  North  America,  and  from 
Cape  Blanco  to  St.  Roque,  South  America,  is 
about  3000  miles.  Besides  these  two  larger 
bands  of  land,  there  is  the  large  island  of  New 
Holland,  which  is  2600  miles  long  and  2000 
broad,  which  might  be  reckoned  a  third  con- 
tinent ;  along  with  many  thousands  of  islands, 
of  every  form  and  size,  which  are  scattered 
throughout  the  different  seas  and  oceans.  The 
whole  of  these  solid  parts  of  our  globe  com- 
prehends an  area  of  about  forty-nine  millions 
of  square  miles,  or  about  one  fourth  of  the 
superficies  of  the  terraqueous  globe,  which 
contains  about  one  hundred  and  ninety-seven 
millions  of  square  miles.  Were  all  these  por- 
tions of  the  land  peopled  with  inhabitants  in 
the  same  proportion  as  in  England,  the  popu- 
lation of  the  globe  would  amount  to  thirteen 
thousand  seven  hundred  and  twenty  millions 
of  human  beings,  which  is  more  than  seven- 
teen times  its  present  number  of  inhabitants. 
Yet,  strange  to  tell,  this  world  has,  in  all  ages, 
been  the  scene  of  wars,  bloodshed,  and  con- 
tests for  small  patches  of  territory,  although 
the  one  seventeenth  part  of  it  is  not  yet  inha- 
bited ! 

There  is  a  striking  correspondence  between 
two  sides  of  the  two  continents  to  which  we 
have  adverted,  the  prominent  parts  of  the  one 
corresponding  to  the  indentings  of  the  other. 
If  we  look  at  a  terrestrial  globe  or  map  of  the 
world,  we  shall  perceive  that  the  projection  of 
the  eastern  coast  of  Africa  nearly  corresponds 
with  the  opening  between  North  and  South 
America,  opposite  to  the  Gulf  of  Mexico; 
that  the  projection  in  South  America,  about 
Cape  St.  Roque  and  St.  Salvador,  nearly  cor- 
responds with  the  opening  in  the  Gulf  of 
Guinea ;  so  that,  if  we  could  conceive  the  two 
continents  brought  into  contact,  the  openings 
to  which  I  have  referred  would  be  nearly  filled 
up,  so  as  to  form  one  compact  continent 
The  Gulf  of  Guinea  would  be  nearly  blocked 
up  with  the  eastern  projection  of  South  Ame- 
rica, and  a  large  gulf  formed  between  Brazil  and 
the  land  to  the  eastward  of  the  Cape  of  Good 
Hope.  The  Gulf  of  Mexico  would  be  formed 
into  a  kind  of  inland  lake,  and  Nova  Scotia 
and  Newfoundland  would  block  up  a  portion 
of  the  Bay  of  Biscay  and  the  English  Chan- 
nel, while  Great  Britain  and  Ireland  would 
block  up  the  entrance  to  Davis's  Straits.  A 
consideration  of  these  circumstances  renders 
it  not  altogether  improbable  that  these  conti- 
nents were  originally  conjoined,  and  that,  at 
some  former  physical  revolution  or  catas- 
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trophe,  they  may  have  been  rent  asunder  by 
some  tremendous  power,  when  the  waters  of 
the  ocean  rushed  in  between  them,  and  left 
them  separated  as  we  now  behold  them.  That 
POWER  which  is  said  to  "  remove  mountains," 
which  "  shaketh  the  earth  out  of  her  place," 
and  causeth  "  the  pillars  thereof  to  tremble," 
is  adequate  to  produce  such  an  effect;  and 
effects  equally  stupendous  appear  to  have 
been  produced  when  the  waters  of  the  great 
deep  covered  the  tops  of  the  highest  moun- 
tains, when  the  solid  strata  of  the  earth  were 
bent  and  disrupted,  and  rocks  of  enormous 
size  transported  from  one  region  of  the  earth 
to  another.  There  appears  no  great  improba- 
bility in  the  supposition  that  such  an  event 
may  have  taken  place  at  the  universal  deluge, 
when  the  original  constitution  of  the  globe 
seems  to  have  undergone  a  dreadful  change 
and  disarrangement. 

Between  the  two  continents  now  mentioned 
are  two  immense  bands  of  water,  extending 
nearly  from  the  northern  to  the  southern  ex- 
tremities of  the  globe,  one  of  which  is  10,000, 
and  the  other  3,000  miles  broad.  These  vast 
collections  of  water  surround  the  continents 
and  islands,  and  form  numerous  seas,  straits, 
gulfs,  and  bays,  which  indent  and  diversify 
the  coasts  through  every  region  of  the  earth. 
They  occupy  a  square  surface  of  148,000,000 
of  miles,  forming  about  three-fourths  of  the 
surface  of  the  globe,  and  containing  about 
296,000,000  of  cubical  miles  of  water,  suffi- 
cient to  cover  the  whole  globe  to  the  depth  of 
2600  yards.  This  vast  superabundance  of 
water,  compared  with  the  quantity  of  land,  it 
is  probable,  is  peculiar  to  our  globe,  and  that 
no  such  arrangement  exists  on  the  surface  of 
the  other  planets  of  our  system.  It  is  proba- 
ble that  such  an  extensive  ocean  did  not  exist 
at  the  period  of  the  original  formation  of  the 
earth,  and  that  such  a  disproportionate  accu- 
mulation of  water  took  place  in  consequence 
of  the  deluge.  The  present  constitution  of 
the  earth,  and  the  disproportion  of  the  water 
to  the  dry  land,  are  circumstances  more 
adapted  to  a  race  of  fallen  intelligences  than 
to  beings  in  a  state  of  innocence,  and  adorned 
with  the  image  of  their  Creator. 

Besides  the  circumstances  now  stated,  the 
earth  is  diversified  with  extensive  ranges  of 
mountains,  which  stretch  in  different  direc- 
tions along  the  continents  and  islands,  rearing 
their  summits,  in  some  instances,  several  miles 
above  the  level  of  the  ocean,  and  diversifying 
in  various  modes  the  landscape  of  the  earth. 
From  these  mountains  flow  hundreds  of  ma- 
jestic rivers,  some  of  them  more  than  2000 
miles  in  length,  fertilizing  the  countries 
through  which  they  flow,  and  forming  a  me- 
dium of  communication  between  the  inland 
countries  and  the  ocean.  The  atmosphere  a 
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thrown  around  the  whole  of  this  terraqueous 
mass,  by  means  of  which,  and  the  operation 
of  the  solar  heat,  a  po-tion  of  the  ocean  is 
carried  up  to  the  region  of  the  clouds  in  the 
form  of  vapour,  which  diffuses  itself  over 
every  region  of  the  earth,  and  is  again  con- 
densed into  rains  and  dews,  to  supply  the 
sources  of  the  rivers,  and  to  distribute  fertility 
throughout  every  land.  This  atmosphere  is 
the  region  of  the  winds,  whether  fanning  the 
earth  with  gentle  breezes,  or  heaving  the 
ocean  into  mountainous  billows,  and  over- 
turning forests  by  hurricanes  and  tornadoes. 
It  is  the  theatre  where  thunders  roll  and  light- 
nings flash,  where  the  fiery  meteor  sweeps 
along  with  its  luminous  train,  and  where  the 
auroras  boreales  display  their  fantastic  corus- 
cations. It  is  constituted  by  a  law  of  the 
Creator  to  sustain  the  principle  of  life,  and  to 
preserve  in  existence  and  in  comfort  not  only 
man,  but  all  the  tribes  of  animated  existence 
which  traverse  the  regions  of  earth,  air,  or 
sea,  without  the  benign  influence  of  which 
this  globe  would  be  soon  left  without  a  living 
inhabitant. 

Were  the  earth  to  be  viewed  from  a  point 
in  the  heavens,  suppose  from  the  moon,  it 
would  present  a  pretty  variegated,  and  some- 
times a  mottled  appearance.  The  distinction 
between  its  seas,  oceans,  continents,  and 
islands  would  be  clearly  marked,  which  would 
appear  like  brighter  and  darker  spots  upon  its 
disk.  The  continents  would  appear  bright, 
and  the  ocean  of  a  darker  hue,  because  water 
absorbs  the  greater  part  of  the  solar  light  that 
falls  upon  it.  The  level  plains  (excepting, 
perhaps,  such  spots  as  the  Arabian  desarts  of 
sands)  would  appear  of  a  somewhat  darker 
colour  than  the  more  elevated  and  mountain- 
ous regions,  as  we  find  to  be  the  case  on  the 
surface  of  the  moon.  The  islands  would  ap- 
pear like  small  bright  specks  on  the  darker 
surface  of  the  ocean ;  and  the  lakes  and  Medi- 
terranean seas  like  darker  spots,  or  broad 
streaks  intersecting  the  brighter  parts  or  the 
land.  By  its  revolution  round  its  axis,  suc- 
cessive portions  of  its  surface  would  be  brought 
into  view,  and  present  a  different  aspect  from 
the  parts  which  preceded.  Were  the  first 
view  taken  when  the  middle  of  the  Pacific 
Ocean  appeared  in  the  centre,  almost  the 
whole  hemisphere  of  the  earth  would  present 
a  dull  and  sombre  aspect,  except  a  few  small 
spots  near  the  middle,  where  the  Marquesas, 
the  Sandwich,  and  the  Society  Isles  are 
situated,  and  some  bright  streaks  on  its  north- 
eastern, north-western,  and  south-western  bor- 
ders, where  the  north-western  parts  of  America, 
the  north-eastern  parts  of  Asia  and  New  Hol- 
land are  situated.  In  about  six  hours  after- 
ward the  whole  of  Asia,  with  its  large  islands, 
Borneo  Sumatra,  New  Guinea,  &c..  would 
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come  into  view  and  diversify  the  scene,  having 
a  portion  of  the  Pacific  on  the  east,  and  the 
Indian  Ocean  and  a  portion  of  Africa  on  the 
west.  In  another  six  hours  the  whole  of 
Africa  and  Europe,  the  Atlantic  Ocean,  and 
the  eastern  part  of  South  America,  would 
make  their  appearance;  and  in  six  hours 
more  the  whole  of  North  and  South  America 
would  appear  near  the  centre  of  the  view, 
having  the  Atlantic  Ocean  on  the  east  arid 
the  Pacific  on  the  west.  All  these  views 
would  present  a  considerable  variety  of  aspect, 
but  in  every  one  of  them  the  darker  shades 
would  appear  to  cover  the  greater  part  of  the 
view,  except,  perhaps,  in  that  view  which 
takes  in  the  whole  of  Asia  and  part  of  Africa 
and  Europe.  Each  of  these  views  occasion- 
ally present  a  mottled  and  unstable  appear- 
ance, on  account  of  the  numerous  strata  of 
clouds  suspended  over  different  regions,  which 
would  be  seen  frequently  to  shift  their  posi- 
tions. These  clouds,  when  dense,  and  accumu- 
lated over  particular  countries,  would  prevent 
certain  portions  of  the  land  and  water  from 
being  distinctly  perceived.  They  would  some- 
times appear  like  bright  spots  upon  the  ocean, 
by  the  reflection  of  the  solar  rays  from  their 
upper  surfaces,  and  sometimes  like  dark  spots 
over  the  land.  The  following  figures  repre- 
sent two  of  the  views  to  which  we  have  al- 
luded : 

Fig.  25.  Fig.  26. 


Fig.  25,  represents  the  appearance  of  the 
earth  when  the  middle  of  the  Pacific  is  in  the 
centre  of  the  view.  Fig.  26,  is  the  appear- 
ance when  the  Atlantic  is  presented  to  the 
spectator's  eye,  with  South  and  part  of  North 
America  on  the  west,  and  Europe,  Africa,  and 
a  portion  of  Asia  on  the  east. 

Internal  Structure  of  the  Earth. — We  are 
now  pretty  well  acquainted  with  the  general 
outline  of  the  surface  of  the  earth,  and  the 
different  ramifications  of  land  and  water  with 
which  it  is  diversified,  except  those  regions 
which  lie  adjacent  to  the  poles.  But  our 
knowledge  of  its  internal  structure  is  ex- 
tremely limited.  The  deepest  mines  that  have 
ever  been  excavated  do  not  descend  above  a 
mile  from  the  surface,  and  this  depth  is  no 
more,  compared  with  the  thickness  of  the 
earth,  than  the  slight  scratch  of  a  pin  upon 
a  large  artificial  globe  compared  with  the  ex- 
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tent  of  its  semi  diameter.  What  species  of 
materials  are  to  be  found  two  or  three  thou- 
sand miles  within  its  surface,  or  even  within 
fifty  miles,  will,  perhaps,  be  for  ever  beyond 
the  power  of  mortals  to  determine.  Various 
researches,  however,  have  been  lately  made 
as  to  the  materials  which  compose  its  upper 
strata,  immediately  beneath  the  surface,  and 
the  order  in  which  they  are  arranged.  From 
these  researches  we  learn  that  substances  of 
various  kinds  compose  the  exterior  crust  of 
the  globe,  and  that  they  are  thrown  together 
in  almost  every  possible  position ;  some  hori- 
zontal, some  vertical,  and  some  inclined  to 
each  other  at  various  angles.  Geologists 
have  arranged  the  strata  of  the  crust  of  the 
earth  into  various  classes :  1 .  Primary  rocks, 
which  are  supposed  to  have  been  formed  be- 
fore all  the  others,  and  which  compose,  as  it 
were,  the  great  frame  or  groundwork  of  our 
globe.  These  rocks  are  composed  of  granite, 
gneis,  mica-slate,  and  other  substances ;  they 
form  the  most  lofty  mountains,  and,  at  the 
same  time,  extend  themselves  downward  be- 
neath all  the  other  formations,  as  if  all  the 
materials  on  the  surface  of  the  globe  rested 
upon  them  as  a  basis.  2.  Transition  rocks, 
which  are  above  the  primitive,  and  rest  upon 
them,  and  are  composed  of  the  larger  frag- 
ments of  the  primary  rocksv  consolidated  into 
continuous  masses.  These  rocks  contain  the 
remains  of  certain  organized  beings,  such  as 
sea-shells,  while  no  such  remains  are  found 
among  the  rocks  termed  primitive.  3.  Se- 
condary rocks,  which  lie  upon  the  primary 
and  transition  rocks,  and  which  appear  like 
deposites  from  the  other  species  of  rocks. 
The  substances  which  this  class  of  rocks  con- 
tain are  secondary  limestone,  coal,  oolite, 
sandstone,  and  chalk.  There  are  likewise 
tertiary,  bamltic,  and  volcanic  rocks,  and  al- 
luvial and  diluvial  deposites.  But  it  would 
be  foreign  to  our  present  subject  to  descend 
into  particulars. 

From  facts  which  have  been  ascertained 
respecting  these  and  various  other  circum- 
•tances  connected  with  the  constitution  of  the 
earth,  it  has  been  concluded  that  important 
changes  and  astonishing  revolutions  have 
taken  place  in  its  physical  structure  since 
the  period  of  its  formation;  that  rocks  of  a 
huge  size  have  been  rolled  from  one  region 
of  the  globe  to  another,  and  been  carried  up 
even  to  the  tops  of  hills  and  elevated  portions 
of  the  land ;  that  the  hardest  masses  of  its 
rocks  have  been  fractured,  and  its  strata  bent 
and  dislocated ;  that  in  certain  places  sea- 
shells,  sharks'  teeth,  the  bones  of  elephants, 
the  hippopotamus,  oxen,  deer,  and  other  ani- 
mals, are  found  mingled  together,  as  if  they 
had  been  swept  along  by  some  overpowering 
force,  amid  a  general  convulsion  of  nature ; 
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that  the  bed  of  the  ocean  has  been  raised  up, 
by  the  operation  of  some  tremendous  power, 
so  as  to  form  a  portion  of  the  habitable  surface 
of  the  globe ;  and  that  the  loftiest  mountains 
were  once  covered  by  the  waters  of  the  ocean. 
From  these  and  olher  considerations  we  have 
reason  to  believe  that  the  earth  now  presents 
a  very  different  aspect  from  what  it  did  when 
it  first  proceeded  from  the  creating  hand  of  its 
Maker,  and  when  all  things  were  pronounced 
by  him  to  be  "  very  good."  The  earth,  there- 
fore, as  presently  constituted,  ought  not  to  be 
considered  as  a  standard  or  model  to  be  com- 
pared with  the  other  planets  of  our  system, 
and  by  which  to  judge  whether  they  appear 
to  be  fitted  for  being  the  abodes  of  intelligent 
beings.  For,  in  its  present  state,  notwith- 
standing the  numerous  objects  of  sublimity 
and  beauty  strewed  over  its  surface,  it  can  be 
considered  as  little  more  than  a  majestic  ruin ; 
a  ruin,  however,  sufficiently  accommodated  to 
the  character  of  the  majority  of  inhabitants 
who  have  hitherto  occupied  its  surface,  whose 
conduct,  in  all  ages,  has  been  marked  with 
injustice,  devastation,  and  bloodshed. 

Density  of  the  earth. — In  the  year  1773, 
Dr.  Maskeline,  the  astronomer  royal,  with 
olher  gentlemen,  made  a  number  of  observa- 
tions on  the  mountain  Schehallien,  in  Scot- 
land, to  determine  the  attraction  of  moun- 
tains. After  four  months  spent  in  the  neces- 
sary Arrangements  and  observations,  it  was 
ascertained  beyond  dispute  that  the  mountain 
exerted  a  sensible  attraction,  leaving  no  hesi- 
tation as  to  the  conclusion  that  every  moun- 
tain and  every  particle  of  earth  is  endowed 
with  the  same  property  in  proportion  to  its 
quantity  of  matter.  The  observations  were 
made  on  both  sides  of  the  mountain,  and  from 
these  it  appears  that  the  sum  of  the  two  con- 
trary attractions  exerted  upon  the  plumbline 
of  the  instruments  was  equal  to  eleven  seconds 
and  a  half.  Professor  Play  fair,  more  than 
thirty  years  afterward,  from  personal  observa- 
tion, endeavoured  to  determine  the  specific 
gravity  or  density  of  the  materials  of  which 
Schehallien  is  composed,  and,  after  numerous 
experiments  and  calculations,  it  was  concluded 
that  "  the  mean  density  of  the  earth  is  nearly 
double  the  density  of  the  rocks  which  compose 
that  mountain,"  which  seem  to  be  considerably 
more  dense  than  the  mean  of  those  which  form 
the  exterior  crust  of  the  earth.  The  density 
of  these  rocks  was  reckoned  to  be  two  and  a 
half  times  the  weight  of  water ;  consequently 
the  density  of  the  earth  is  to  that  of  water  as 
five  to  one ;  that  is,  the  whole  earth,  bulk  for 
bulk,  is  five  times  the  weight  of  water,  so 
that  the  earth,  as  now  constituted,  would 
counterpoise  five  globes  of  the  same  size 
composed  of  the  same  specific  gravity  as 
water.  As  the  mean  density,  therefore,  of 
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the  whole  earth's  surface,  including  the  ocean, 
cannot  be  above  twice  the  density  of  water, 
it  follows  that  the  interior  of  the  earth  must 
have  a  much  greater  density  than  even  five 
times  the  weight  of  water,  to  counterbalance 
the  want  of  weight  on  its  surface.  Hence  we 
are  necessarily  led  to  conclude  that  the  interior 
parts  of  the  earth,  near  the  centre,  must  con- 
sist of  very  dense  substances,  denser  than  even 
iron,  lead,  or  silver,  and  that  no  great  internal 
cavity  can  exist  within  it,  as  some  theorists 
have  supposed,  unless  we  could  suppose  that 
most  of  the  materials  far  below  the  founda- 
tions of  the  ocean  are  much  denser  than  the 
heaviest  metallic  substances  yet  discovered. 
La  Place  has  attempted  to  estimate  the  earth's 
density  near  the  centre  on  the  following  data : 
If  5  2-6  be  its  mean  density,  and  3  1-8,  3  1-5, 
2  4-5,  and  2  3-5  be  assumed  as  its  superficial 
densities,  then,  on  the  theory  of  compressi- 
bility, the  density  at  the  centre  will  be  13^, 
14£,  15£,  and  20  1-10  respectively.  The 
least  of  the  specific  gravities  (13^)  is  nearly 
double  the  density  of  zinc,  iron,  and  the  ore 
of  lead;  an^,  the  greatest  (20  1-10)  is  nearly 
equal  to  purified  and  forged  platina,  which  is 
the  most  ponderous  substance  hitherto  dis- 
covered. Yet  this  ponderous  globe,  with  all 
the  materials  on  its  surface,  is  carried  through 
the  regions  of  space  with  a  velocity  of  sixteen 
hundred  thousand  miles  every  day. 

Variety  of  Seasons. — The  annual  revolu- 
tion of  the  earth  is  accomplished  in  365  days, 
5  hours,  48  minutes,  and  51  seconds.  In  the 
course  of  this  revolution,  the  inhabitants  of 
every  clime  experience,  though  at  different 
times,  a  variety  of  seasons.  Spring,  summer, 
autumn,  and  winter  follow  each  other  in  con- 
stant succession,  diversifying  the  scenery  of 
nature,  and  distinguishing  the  different  periods 
of  the  year.  In  those  countries  which  lie  in  the 
southern  hemisphere  of  the  globe,  November, 
December,  and  January  are  the  summer 
months,  while  in  the  northern  hemisphere, 
where  we  reside,  these  are  our  months  of 
winter,  when  the  weather  is  coldest  and  the 
days  are  shortest.  In  the  northern  and  south- 
ern hemispheres  the  seasons  are  opposite  to 
each  other,  so  that  when  it  is  spring  in  the  one 
it  is  autumn  in  the  other;  when  it  is  winter 
in  southern  latitudes  it  is  summer  with  us. 
During  six  months,  from  March  21  to  Sep- 
tember 23,  the  sun  shines  without  intermis- 
sion on  the  north  pole,  so  that  there  is  no 
night  there  during  all  that  interval,  while  the 
south  pole  is  all  this  time  enveloped  in  dark- 
ness. From  September  to  March  the  south 
pole  enjoys  the  solar  light,  while  the  north,  in 
its  turn,  is  deprived  of  the  sun  and  left  in 
darkness.  The  sun  is  at  different  distances 
from  the  earth  at  different  periods  of  the  year, 
owing  to  the  earth's  moving  in  an  elliptical 


orbit;  but  it  is  not  upon  this  circumstance 
that  the  seasons  depend.  For  on  the  first  of 
January  we  are  more  than  three  millions  of 
miles  nearer  the  sun  than  on  the  first  of  July, 
when  the  heat  of  our  summer  is  generally 
greatest.  The  true  cause  of  the  variation  of 
the  seasons  consists  in  the  inclination  of  the 
axis  of  the  earth  to  the  plane  of  its  orbit ;  or, 
in  other  words,  to  the  ecliptic.  If  its  axis 
were  perpendicular  to  the  ecliptic,  the  equator 
and  the  orbit  would  coincide ;  and  as  the  sun 
is  always  in  the  plane  of  the  ecliptic,  it  would 
in  this  case  be  always  over  the  equator;  the 
two  poles  would  be  always  enlightened,  and 
there  would  be  no  diversity  of  days  and 
nights,  and  but  one  season  throughout  the 
year.  What  is  meant  by  the  inclination  of 
the  axis  will  appear  from  the  following  figures. 


Fig.  27. 


Fig.  28. 


Let  A  B  represent  the  plane  of  the  ecliptic, 
or  the  earth's  orbit,  and  C  D  (Fig.  28)  the 
axis  of  the  earth,  inclined  at  an  angle  of  664° 
to  the  ecliptic,  and  23^°  from  the  perpendi- 
cular E  F,  or  the  axis  of  the  ecliptic,  and  it 
will  represent  the  position  of  the  axis  of  the 
earth  with  respect  to  the  plane  of  its  orbit. 
Fig.  27  represents  the  axis  of  the  earth,  G  H, 
perpendicular  to  the  ecliptic.  As  the  sun 
can  enlighten  only  the  one-half  of  the  globe 
at  a  time,  it  is  evident  that,  if  his  rays  come 
in  the  direction  from  B,  Fig.  28,  they  cannot 
illuminate  both  poles  at  once.  While  the 
north  polar  circle  between  E  and  C  is  en- 
lightened, the  regions  around  the  south  pole 
between  D  and  F  must  necessarily  remain  in 
the  dark.  But  if  the  axis  of  the  earth  were 
perpendicular  to  its  orbit,  as  exhibited  in 
Fig.  27,  then  both  poles  would  constantly  be 
enlightened  at  the  same  time.  The  following 
figure  will  more  particularly  show  the  effect 
of  the  inclination  of  the  axis  of  the  earth 
during  its  progress  through  the  twelve  signs 
of  the  zodiac.  (See  Fig.  29.) 

In  this  representation  the  ellipse  exhibits 
the  earth's  orbit  seen  at  a  distance,  the  eye 
being  supposed  to  be  elevated  a  little  above 
the  plane  of  it.  The  earth  is  represented  in 
each  of  the  twelve  signs,  with  the  names  of 
the  months  annexed.  In  each  of  the  figures 
e  is  the  pole  of  the  ecliptic,  and  e  d  its  axis, 
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perpendicular  to  the  plane  of  the  orbit.     P  is 
the  north   pole  of  the  earth ;  P  m  its  axis, 

Fig.  29. 


I 


ing  in  the  illuminated  hemisphere,  will 
have  six  months  continual  day ;  but  while 
the  earth  passes  from  Aries,  through  Cancer, 
to  Libra,  the  north  pole  will  be  in  darkness, 
and  have  continual  night;  the  south  pole  at 
the  same  time  enjoying  continual  day.  When 
the  earth  is  at  Cancer,  the  sun  appears  at  Ca- 
pricorn, at  which  season  the  nights  in  the 
northern  hemisphere  will  as  much  exceed  the 
days  as  the  days  exceeded  the  nights  when 
the  earth  was  in  the  opposite  point  of  its  orbit 
(396) 


about  which  the  earth  daily  turns  from  west  to 
east ,  P  C  e  shows  the  angle  of  its  inclination. 
During  the  whole  of  its  course  the 
axis  keeps  always  in  a  parallel  po- 
sition, or  points  always  to  the  same 
parts  of  the  heavens.  If  it  were 
otherwise,  if  the  axis  of  the  earth 
shifted  its  position  in  any  considera- 
ble degree,  the  most  appalling  and 
disastrous  effects  might  be  pro- 
duced; the  ocean  in  many  places 
might  overflow  the  land,  and  rush 
from  the  equator  towards  the  polar 
regions,  and  produce  a  general  de- 
vastation and  destruction  to  myri- 
ads of  its  inhabitants.  If  the  axis 
pointed  always  to  the  centre  of  its 
orbit,  so  as  to  be  continually  vary- 
ing its  direction,  all  the  objects 
around  us  would  appear  to  whirl 
about  us  in  confusion  ;  there  would 
he  no  fixed  polar  points  to  guide 
the  mariner,  nor  could  his  course 
be  directed  through  the  ocean  by 
any  of  the  stars  of  heaven. 

When  the  earth  is  in  the  first 
point  of  Libra,  the  sun  appears  in 
the  opposite  point  of  the  ecliptic, 
at  Aries,  about  the  21st  of  March; 
and  when  the  earth  is  in  Aries, 
the  sun,  <S,  will  appear  in  Libra 
about  the  23d  of  September.  At 
these  times  both  poles  of  the  earth 
are  enlightened,  and  the  day  and 
night  are  equal  in  all  places. 
When  the  earth  has  moved  from 
Libra  to  Capricorn,  its  axis  keeping 
always  the  same  direction,  all 
places  within  the  north  polar  circle, 
P  e,  are  illuminated  throughout 
the  whole  diurnal  revolution,  at 
which  time  the  inhabitants  of  those 
places  have  the  sun  more  than 
twenty-four  hours  above  the  hori- 
zon. This  happens  at  the  time  of 
our  summer  solstice,  or  about  the 
21st  of  June,  at  which  time  the 
south  polar  circle,  d  m,  is  in  dark- 
ness. While  the  earth  is  moving 
from  Libra,  through  Capricorn. 
to  Aries,  the  north  pole,  P,  be- 
Our  summer  is  nearly  eight  days  longer 
than  our  winter.  By  summer  is  meant  the 
time  that  passes  between  March  21  and  Sep- 
tember 23,  or  between  the  vernal  and  au- 
tumnal equinoxes;  and  by  winter,  the  time 
between  September  23  and  March  21,  the  au- 
tumnal and  vernal  equinoxes.  The  portion 
of  the  earth's  orbit  which  lies  north  of  the 
equinoctial  contains  184  degrees,  while  that 
portion  which  is  south  of  the  equinoctial  con- 
tains only  176  degrees,  being  eight  degree* 
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less  than  the  other  portion,  which  is  the  reason 
why  the  sun  is  nearly  eight  days  longer  on  the 
north  of  the  equator  than  on  the  south.  In 
our  summer  the  sun's  apparent  motion  is 
through  the  six  northern  signs,  Aries,  Taurus, 
Gemini,  Cancer,  Leo,  and  Virgo  ;  and  in  our 
winter,  through  the  six  southern.  In  the 
former  case,  from  March  21  to  September  23, 
the  sun  is  about  186  days  11  hours  in  passing 
through  the  northern  signs,  and  only  178  days 
18  hours  in  passing  through  the  southern 
signs,  from  September  23  to  March  21,  the 
difference  being  about  7  days  17  hours.  The 
reason  of  this  difference  is,  that  the  earth 
moves  in  an  elliptical  orbit,  one  portion  of 
which  is  nearer  the  sun  than  another,  in  con- 
sequence of  which  the  sun's  apparent  motion 
is  slower  while  it  appears  in  the  northern 
signs  than  while  it  traverses  the  southern 
ones. 

As  the  sun  is  further  from  us  in  summer 
than  in  winter,  it  may  naturally  be  asked  why 
we  experience  the  greatest  heats  in  the  former 
season.  The  following,  among  other  reasons 
may  be  assigned,  which  will  partly  account  for 
this  effect:  1.  The  sun  rises  to  a  much  higher 
altitude  above  the  horizon  in  summer  than  in 
winter,  and,  consequently,  its  rays  falling 
more  directly  and  less  oblique,  the  thicker  or 
denser  will  they  be,  and  so  much  the  hotter, 
when  no  counteracting  causes  from  local  cir- 
cumstances exist.  Thus,  supposing  a  parcel 
of  rays,  AB  CD  E  (Fig.  30,)  to  fall  per- 

Fig.  30. 


pendicularly  on  any  plane  (DC),  and  ob- 
liquely on  another  plane  (E  C),  it  is  evident 
they  will  occupy  a  smaller  space  (D  C)  in 
the  former  than  (E  C)  in  the  latter ;  and, 
consequently,  their  heat  would  be  much 
greater  in  the  lesser  space  D  C  than  in  the 
greater  space  E  C.  If,  instead  of  lines,  we 
suppose  D  C  and  E  C  to  be  the  diameters  of 
surfaces,  then  the  heat  on  those  surfaces  will 
be  inversely  as  the  squares  of  the  diameters. 
Let  D  C  be  20  and  E  C  28  ;  the  square  of 
20  is  400,  and  the  square  of  28  is  784,  which 
is  nearly  double  the  square  of  D  C,  and,  con- 
sequently, there  is  nearly  double  the  quantity 
of  heat  on  D  C  compared  with  that  on  E  C, 
in  so  far  as  it  depends  on  the  direct  influence 
of  the  solar  rays ;  but  other  causes  may 
concur  either  to  diminish  or  increase  the  heat 


in  certain  places,  to  which  I  have  already 
alluded  when  describing  the  phenomena  of 
Mercury.  2.  The  greater  length  of  the  day 
contributes  to  augment  the  heat  in  summer ; 
for  the  earth  and  the  air  are  heated  by  the 
sun  in  the  daytime,  more  than  they  are 
cooled  in  the  night,  and  on  this  account  the 
heat  will  go  on  increasing  in  the  summer, 
and  for  the  same  reason  will  decrease  in 
winter,  when  the  nights  are  longer  than  the 
days.  Another  reason  is,  that  in  summer, 
when  the  sun  rises  to  a  great  altitude,  his 
rays  pass  through  a  much  smaller  portion  of 
the  atmosphere,  and  are  less  refracted  and 
weakened  by  it  than  when  they  fall  more 
obliquely  on  the  earth,  and  pass  through  the 
dense  vapours  near  the  horizon. 

The  cause  of  the  variety  of  the  seasons  can 
be  exhibited  with  more  clearness  and  precision 
by  means  of  machinery  than  by  verbal  de- 
scriptions ;  and,  therefore,  those  whose  concep- 
tions are  not  clear  and  well  defined  on  this 
subject  should  have  recourse  to  orreries  and 
planetariums,  which  exhibit  the  celestial  mo- 
tions by  wheelwork.  There  is  a  small  in- 
strument, called  a  Tellurian,  which  has  been 
long  manufactured  by  Messrs.  Jones,  Holborn, 
London,  which  conveys  a  pretty  clear  idea  of 
the  motions  and  phases  of  the  moon,  the  in- 
clination of  the  earth's  axis  to  the  plane  of  its 
orbit,  and  the  changes  of  the  seasons.  It  may 
be  procured  at  different  prices,  from  I/.  8s.  to 
4/.  14s.  66?.,  according  to  the  size  and  the 
quantity  of  the  wheelwork. 

The  subject  of  the  seasons  and  the  variety 
of  phenomena  they  exhibit  have  frequently 
been  the  themes  both  of  the  philosopher  and 
the  poet,  who  have  expatiated  on  the  beauty 
of  the  contrivance  and  the  benignant  effects 
they  produce ;  and  therefore  they  conclude 
that  other  planets  enjoy  the  same  vicissitudes 
and  seasons  similar  or  analogous  to  ours.  But 
although,  in  the  present  constitution  of  our 
globe,  there  are  many  benign  agencies  which 
accompany  the  revolutions  of  the  seasons,  and 
are  essential  to  our  happiness  in  the  circum- 
stances in  which  we  now  exist,  yet  it  is  by  no 
means  probable  that  the  seasons,  as  they  now 
operate,  formed  a  part  of  the  original  arrange- 
ments of  our  terrestrial  system.  Man  was  at 
first  created  in  a  state  of  innocence,  and 
adorned  with  the  image  of  his  Maker  ;  and  the 
frame  of  nature,  we  may  confidently  suppose, 
was  so  arranged  as  to  contribute  in  every  re- 
spect both  to  his  sensitive  and  intellectual  en- 
joyment. But  neither  the  horrors  of  winter, 
and  its  dreary  aspect  in  northern  climes,  nor 
the  scorching  heats  and  appalling  thunder- 
storms which  are  experienced  in  tropical  cli- 
mates, are  congenial  to  the  rank  and  circum- 
stances of  beings  untainted  with  sin  and  en- 
dowed with  moral  perfection.  Such  physical 
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evils  and  inconveniences  as  the  change  of 
seasons  occasionally  produces  appear  to  be 
only  adapted  to  man  in  his  present  state  of 
?noral  degradation.  In  the  primeval  state  of 
the  world  it  is  not  unlikely  that  the  axis  of 
the  earth  had  a  different  direction  from  what 
it  has  at  present,  and  that,  instead  of  scorching 
heats  and  piercing  colds,  and  the  gloom  and 
desolations  of  winter,  there  was  a  more  mild 
and  equable  temperature,  and  something  ap- 
proaching to  what  the  poet  calls  "  a  perpetual 
spring."  We  are  assured,  from  the  records  of 
sacred  history,  that  the  original  constitution 
of  the  earth  has  undergone  a  considerable 
change  and  derangement :  its  strata  were  dis- 
rupted, "  the  fountains  of  the  great  deep  were 
broken  up,"  and  a  flood  of  waters  covered  the 
tops  of  the  loftiest  mountains  ;  the  effects  of 
which  are  still  visible  in  almost  every  region 
of  the  globe.  At  that  memorable  era,  it  is 
highly  probable,  those  changes  were  intro- 
duced which  diversify  the  seasons  and  produce 
those  alarming  phenomena  and  destructive 
effects  which  we  now  behold ;  but  as  man 
advances  in  his  moral,  intellectual,  and  reli- 
gious career,  and  in  proportion  as  his  mental 
and  moral  energies  are  made  to  bear  on  the 
renovation  of  the  world,  he  has  it  in  his  power 
to  counteract  or  meliorate  many  of  the  physi- 
cal evils  which  now  exist.  Were  the  habitable 
parts  of  the  earth  universally  cultivated,  its 
marshes  drained,  and  its  desolate  wastes  re- 
duced to  order  and  vegetable  beauty  by  the 
hand  of  art,  and  replenished  with  an  indus- 
trious and  enlightened  population,  there  can 
be  little  doubt  that  the  seasons  would  be  con- 
siderably meliorated,  and  many  physical  evils 
prevented  with  which  we  are  now  annoyed. 
And  all  this  is  within  the  power  of  man  to 
accomplish,  provided  he  chooses  to  direct  his 
wealth,  and  his  intellectual  and  moral  ener- 
gies, into  this  channel.  If  these  remarks  have 
any  foundation  in  truth,  then  we  ought  not 
to  imagine  that  the  earth  is  a  standard  by 
which  we  are  to  judge  of  the  state  of  other 
planetary  worlds,  or  that  they  are  generally  to 
be  viewed  as  having  a  diversity  of  seasons 
similar  to  ours. 

The  following  facts,  in  addition  to  the  pre- 
ceding, may  be  noted  in  relation  to  the  earth  : 
Under  the  equator,  a  pendulum,  of  a  certain 
form  and  length,  makes  86,400  vibrations  in 
a  mean  solar  day ;  but,  when  transported  to 
London,  the  same  pendulum  makes  86,535 
vibrations  in  the  same  time.  Hence  it  is  con- 
cluded that  the  intensity  of  the  force  urging 
the  pendulum  downward  at  the  equator  is  to 
that  at  London  as  86,400  to  86,535,  or  as  1 
to  1.00315 ;  or,  in  other  words,  that  a  mass 
of  matter  at  the  equator  weighing  10,000 
pounds,  exerts  the  same  pressure  on  the  ground 
as  10,031^  of  the  same  pounds  transported  to 
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London  would  exert  there.  If  the  gravity  of 
a  body  at  the  equator  be  1,  at  the  poles  it  will 
be  1.00569,  or  about  the  1-194  part  heavier  ; 
that  is,  a  body  weighing  194  pounds  at  the 
equator  would  weigh  195  pounds  at  the  north 
pole  ;  so  that  the  weight  of  bodies  is  increased 
as  we  advance  from  the  equator  to  the  poles, 
owing  to  the  polar  parts  being  nearer  the 
centre  of  the  earth  than  the  equatorial,  and 
the  centrifugal  force  being  diminished.  It  is 
this  variation  of  the  action  of  gravity  in  dif- 
ferent latitudes  that  causes  the  same  pendu- 
lum to  vibrate  glower  at  the  equator  than  in 
other  places,  as  stated  above.  For  a  pendulum 
to  oscillate  seconds  at  the  equator,  it  must  be 
thirty-nine  inches  in  length  ;  and  at  the  poles, 
thirty-nine  and  one  fifth  inches. 

The  tropical  year,  or  the  time  which  the 
sun  (or  the  earth)  takes  in  moving  through 
the  twelve  signs  of  the  ecliptic,  from  one  equi- 
nox to  the  same  equinox  again,  is  three  hun- 
dred and  sixty-five  days,  five  hours,  forty-eight 
minutes,  and  fifty-one  seconds.  This  is  the 
proper  or  natural  year;  because  it  always 
keeps  the  same  seasons  to  the  same  months. 
The  sidereal  year  is  the  space  of  time  the  sun 
takes  in  passing  from  any  fixed  star  till  it  re- 
turns to  the  same  star  again.  It  consists  of 
three  hundred  and  sixty-five  days,  six  hours, 
nine  minutes,  and  eleven  and  a  half  seconds, 
being  twenty  minutes  and  twenty  and  a  half 
seconds  longer  than  the  true  solar  year.  This 
difference  is  owing  to  the  regression  of  the 
equinoctial  points,  which  is  fifty  seconds  of  a 
degree  every  year ;  and,  to  pass  over  this  space, 
the  sun  requires  twenty  minutes  and  twenty 
and  a  half  seconds.  The  earth  moves  in  an 
elliptical  orbit,  whose  eccentricity,  or  distance 
of  its  foci  from  the  centre,  is  1,618,000  miles: 
that  is,  the  ellipse  or  oval  in  which  it  moves 
is  double  the  eccentricity,  or  3,236,000  miles 
longer  in  one  direction  than  it  is  in  another, 
which  is  the  reason  that  the  sun  is  further 
from  us  at  one  season  of  the  year  than  at 
another.  This  is  ascertained  from  the  varia- 
tion of  the  apparent  diameter  of  the  sun. 
About  the  1st  of  January,  when  he  is  nearest 
the  earth,  the  apparent  diameter  is  thirty-two 
minutes,  thirty-five  seconds;  and  on  the  1st 
of  July,  when  he  is  most  distant,  it  is  only 
thirty-two  minutes,  thirty-one  seconds.  This 
proves  that  the  earth  has  a  slower  motion  in 
one  part  of  its  orbit  than  in  another.  In  Janu- 
ary it  moves  at  the  rate  of  about  69,600  miles 
an  hour,  but  in  July  its  rate  of  motion  every 
hour  is  only  about  66,400  miles  ;  a  difference 
of  more  than  3000  miles  an  hour. 

IV.    OF    THE    PLANET    MARS. 

The  earth  is  placed,  in  the  solar  system,  in 
a  position  between  the  orbits  of  Venus  and 
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Mars.  The  two  planets,  Mercury  and  Venus, 
which  are  placed  within  the  orbit  of  the  earth, 
and  whose  orbits  lie  between  it  and  the  sun, 
are  termed  the  inferior  planets.  Those  whose 
orbits  lie  beyond  the  orbit  of  the  earth,  at  a 
greater  distance  from  the  sun,  as  Mars,  Jupi- 
ter, Saturn,  and  Uranus,  are  termed  superior 
planets.  The  motions  and  aspects  of  all  the 
superior  planets,  as  seen  from  the  earth,  differ 
considerably  from  those  which  are  exhibited 
by  the  inferior.  In  the  first  place,  the  inferior 
planets  are  ne,ver  seen  but  in  the  neighbour- 
hood of  the  sun,  none  of  them  ever  appearing 
beyond  forty-eight  degrees  from  that  luminary; 
whereas  the  superior  planets  appear  at  all  dis- 
tances from  the  sun,  even  in  the  opposite 
quarter  of  the  heavens,  or  180  degrees  from 
the  point  in  which  the  sun  may  happen  to  be 
placed.  This  could  not  possibly  happen  un- 
less their  orbits  were  exterior  to  that  of  the 
earth,  and  the  earth  placed  at  such  times 
between  them  and  the  sun.  In  the  next 
place,  the  inferior  planets,  when  viewed 
through  telescopes,  exhibit,  at  different  times, 
all  the  phases  of  the  moon ;  but  the  superior 
planets  never  appear  either  horned  or  in  the 
shape  of  a  half  moon.  The  planets  Jupiter, 
Saturn,  and  Uranus  never  appear  in  any 
other  shape  than  round,  or  with  full  enlight- 
ened hemispheres.  This  circumstance  of  itself 
furnishes  a  proof  that  we  see  these  planets 
always  in  a  direction  not  very  remote  from 
that  in  which  they  are  illuminated  by  the  solar 
rays;  and,  consequently,  that  we  occupy  a 
station  which  is  never  very  far  removed  from 
the  centre  of  their  orbits.  It  proves,  in  other 
words,  that  the  path  of  the  earth  round  the 
sun  is  entirely  included  within  their  orbits, 
and  likewise  that  this  circular  path  of  the 
earth  is  of  small  diameter  compared  with 
their  more  expansive  orbits.  This  may  be 
illustrated  by  the  following  figures.  Let  S, 
Fig.  32,  represent  the  sun ;  A  B  the  orbit  of 
the  earth  ;  and  C  the  planet  Saturn,  about  ten 
times  further  from  the  sun  than  the  earth  is. 
Suppose  B  to  represent  the  earth  at  its 
greatest  elongation  from  the  sun,  as  seen  from 
Saturn ;  the  angle,  S  C  B,  being  so  small,  it 
is  evident  that  an  observer  on  the  earth,  at  B, 
can  see  little  or  nothing  of  the  dark  hemi- 
sphere of  Saturn  at  C,  but  must  perceive  the 
whole  enlightened  hemisphere  of  the  planet, 
within  a  small  fraction,  which  fraction  is  not 
perceptible  by  our  best  telescopes. 

There  is  only  one  of  the  superior  planets 
that  exhibits  any  perceptible  phase,  and  that 
is  the  planet  Mars.  In  Fig.  31,  o  represents 
the  sun  ;  E  D  the  orti';  of  the  *,arth ;  M 
Mars;  and  D  the  earth  at  its  greatest  elon- 
gation, as  seen  from  r.fars.  In  -.his  case  the 
a.-^Ie  SMDis  rruch  larg-e-  tha^  in  the  for- 
\x;«r  case,  as  Mar:  i?  nrich  r-jurer  to  the 


earth   than  Satu  rn  or  any  otl  cr  of  the  supe- 
rior planet?.     Consequently,  a    spectator   on 
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the  earth  is  enabled  to  see  *  greater  norti^n 
of  the  dark  hemisphere  of  Mars,  «.n< !".,  ^f  course, 
loses  sight  of  a  corresponding  portion  of  hi»> 
enlightened  disk.  This  is  represented  by  the 
line  h  i.  This  gibbous  phase  of  Mars,  how* 
ever,  differs  only  in  a  small  degree  from  a 
circle  ;  it  is  never  less  than  seven  eighths  of 
the  whole  disk.  This  phase  is  represented  in 
Fig.  33.  When  the  earth  arrives  near  the 
pohit  F,  when  Mars  appears  in  opposition 
to  the  iran,  the  whole  of  his  enlightened  hemi- 
sphere is  then  visible.  The  extent  of  the  gib- 
bous phase  of  this  planet  affords  a  measure  of 
the  angle  S  MD,  and,  therefore,  of  tho  pro- 
portion of  the  distai.ee,  SM  of  Mars,  to  S  D 
or  S  F,  the  distance  of  the  earth  from  the  sun, 
by  which  we  are  warranted  to  conclrde  that 
the  diameter  of  the  orbit  of  Mars  cannot  be 
less  than  1  1-2  that  of  the  orbit  of  the  earth. 
The  phases  of  Saturn,  Jupiter,  and  Uranus  be- 
ing quite  imperceptible,  demonstrates  that  their 
orbits  must  include  both  the  orbit  of  the  earth 
and  that  of  Mars ;  and,  consequently,  that 
they  are  removed  at  a  much  greater  distance 
than  either  of  these  bodies  from  the  centre  of 
the  system. 

Before  proceeding  to  a  particular  descrip  • 
tion  of  the  phenomena  connected  with  the 
planet  Mars,  I  shall  give  a  brief  sketch  of  tho 
peculiar  to  this  planet,  which  will 
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serve,  in  some  measure,  as  a  specimen  of  the 
apparent  motions  of  all  the  other  superior 
planets.  In  the  following  figure  S  represents 
the  sun ;  A  B  C  D  the  planet  Mars  in  four 
different  positions  in  its  orbit ;  E  F  G  HIK, 
the  orbit  of  the  earth  ;  and  L  M  N  0  P,  a 
segment  of  the  starry  heavens.  Suppose  Mars 
at  A  and  the  earth  at  E,  directly  between  it 
and  the  sun,  then  all  the  planet's  enlightened 
hemisphere  will  be  turned  towards  the  earth, 
and  it  will  appear  like  the  full  moon.  When 
the  planet  is  at  B  it  will  be  gibbous,  like 
the  moon  a  few  days  before  or  after  the  full. 
At  C  it  would  again  appear  wholly  enlight- 
ened, were  it  not  in  the  same  part  of  the  hea- 

Fig.  34. 


venc  w;th  the  sun.  At  D  it  is  again  gibbous, 
as  seen  from  E,  and  will  appear  less  gibbous 
as  it  advances  towards  A.  At  A  it  is  said  to 
be  in  opposition  to  the  sun,  being  seen  from 
the  earth  at  E  among  the  stars  at  N,  while 
the  sun  is  seen  in  the  opposite  direction,  E  C. 
When  the  planet  is  at  C  and  the  earth  at  E, 
it  is  said  to  be  in  conjunction  with  the  sun, 
being  in  the  same  part  of  the  heavens  with 
that  luminary,  in  regard  to  all  the  superior 
planets,  there  is  but  one  conjunction  with  the 
sun  during  the  course  of  their  revolution  ; 
whereas  the  inferior  planets,  Mercury  and 
Venus,  have  two  conjunctions,  as  formerly  ex- 
plained. Lot  us  new  attend  to  the  apparent 
notions  of  this  planet.  Suppose  the  eartb 
at  .F,  and  the  planet  at  rest  :n  Iis  orbit  at  A, 
••t  will  be  projected  or  seen  by  a  ray  of  ligh*. 
imong  the  s.ars  at  L  ;  when  the  eartb.  arrivcc 
it  G,  the  planet  will  appear  ?t  M,  by  the  -ay 
G  M  •  :  nd  in  the  same  manner,  when  the 
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earth  is  at  H,  I,  and  K,  the  planet  will  be  seen 
among  the  stars  at  A7,  O,  and  P ;  and,  there- 
fore, while  the  earth  moves  over  the  large  part 
of  its  orbit,  F  H  K,  the  planet  will  have  an 
apparent  motion  from  L  to  P  among  the  stars, 
and  this  motion  is  from  west  to  east,  in  the 
order  of  the  signs,  or  in  the  same  direction 
in  which  the  earth  moves ;  and  the  planet  is 
then  said  to  be  direct  in  motion.  When  the 
earth  is  at  K  and  the  planet  appears  at  P,  for 
a  short  space  of  time  it  appears  stationary, 
because  the  ray  of  light  proceeding  from  P  to 
K  nearly  coincides  with  the  earth's  orbit  and 
the  direction  of  its  motion.  But  when  the 
earth  moves  on  from  Kto  E,  the  planet  will 
appear  to  return  from  P  to  JV;  and  while  the 
earth  moves  from  E  to  F,  the  planet  will  still 
continue  to  retrograde  from  Nto  L,  where  it 
will  again  appear  stationary  as  before.  From 
what  has  been  now  stated,  it  is  clear  that, 
since  the  part  of  the  orbit  which  the  earth  de- 
scribes in  passing  through  F  H  K  is  much 
greater  than  the  arch  KEF,  and  the  space 
L  P  which  the  planet  describes  in  its  direct 
and  retrograde  motion  is  the  same  /  therefore, 
the  direct  motion  is  very  slow  from  L  to  P, 
in  comparison  of  the  retrograde  motion  from 
P  to  L,  which  is  performed  in  much  less 
time. 

In  the  above  description  I  have  supposed 
the  planet  at  rest  in  its  orbit  at  A,  in  order  to 
render  the  explanation  more  easy  and  simple, 
and  the  diagram  less  complex  than  it  would 
have  been  had  we  traced  the  planet  through 
different  parts  of  its  orbit,  together  with  the 
motions  of  the  earth.  But  the  appearances 
are  the  same,  whether  we  suppose  the  planet 
to  be  at  rest  or  in  motion.  The  only  dif- 
ference is  in  the  time  when  the  retrograde  or 
direct  motions  happen,  and  in  the  places  of  the 
heavens  where  the  planet  will  be  at  such 
times  situated.  What  has  now  been  stated 
in  regard  to  the  apparent  motions  of  Mars 
will  apply  to  Jupiter,  Saturn,  and  all  the  su- 
perior planets,  making  allowance  for  the  dif- 
ference of  time  in  which  their  direct  and  retro- 
grade motions  arc  performed.  All  the  supe- 
rior planets  are  retrograde  in  their  apparent 
motions  when  in  opposition,  and  for  some 
time  before  and  after  ;  but  they  differ  greatly 
from  each  other,  both  in  the  extent  of  their 
arc  of  retrogradation,  in  the  duration  of  their 
retrograde  movement,  and  in  its  rapidity, 
when  swiftest.  It  is  more  extensive  and  rapid 
in  the  case  of  Mars  tlinn  of  Jupiter,  of  Ju- 
piter than  of  Saturn,  find  of  Saturn  than  .'•!' 
Uranus.  The  longer  the  periodic  time  or  &••> 
rrurtl  revolution  of  a  superior  planet,  the  vwi 
ireqjent  are  its  stations  and  retrogTfttfaliroi? ; 
they  ar;  les-,  ;n  quantity,  but  continue  a  lor.gr 
time.  The  inean  arc  of  retrogradatio.i  •;•; 
Mars,  or  from  .?  vo  i  ?'g.  34,  is  sixteen  do 
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grees,  twelve  minutes,  and  it  continues  about^ 
seventy-three  days ;  while  the  mean  arc  of 
retrogradation  of  Jupiter  is  only  nine  degrees, 
fifty-four  minutes,  but  its  mean  duration  is 
about  121  days.  The  time  between  one  op- 
position of  Saturn  and  another  is  378  days, 
or  one  year  and  thirteen  days.  The  time  be- 
tween two  conjunctions  or  oppositions  of  Ju- 
piter is  398  days,  or  one  year  and  thirty -three 
days.  But  Mars,  after  an  opposition,  does 
not  come  again  into  the  same  situation  till 
after  two  years  and  fifty  days.  It  is  only  at 
and  near  the  time  of  the  opposition  of  Mars 
that  we  have  the  best  telescopic  views  of  that 
planet,  as  it  is  then  nearest  the  earth ;  and, 
consequently,  when  it  has  passed  its  oppo- 
sition for  any  considerable  time,  a  period  of 
two  years  must  elapse  before  we  see  it  again 
in  such  a  conspicuous  situation.  Hence  it  is 
that  this  planet  is  seldom  noticed  by  ordinary 
observers,  except  during  a  period  of  three  or 
four  months  every  two  years.  At  all  other 
times  it  dwindles  to  the  apparent  size  of  a 
small  star. 

Distance,  Motion,  and  Orbit  of  Mars. — 
This  planet  is  ascertained  to  be  about  145 
millions  of  miles  from  the  sun.  From  what 
we  have  stated  above  it  is  obvious  that,  in  the 
course  of  its  revolution,  it  is  at  very  different 
distances  from  the  earth.  When  at  its  greatest 
distance,  as  when  the  earth  is  at  E,  and  the 
planet  at  C,  Fig.  34,  it  is  240  millions  of  miles 
from  the  earth.  This  will  appear  from  an  in- 
spection of  the  figure.  The  distance,  E  S, 
from  the  earth  to  the  sun  is  95  millions  of 
miles ;  the  distance,  S  C,  of  Mars  from  the 
sun  is  145  millions.  These  distances  added 
together  amount  to  the  whole  distance  from 
E  to  C,  or  from  the  earth  to  Mars  when  in 
conjunction  with  the  sun.  When  nearest  the 
earth,  as  at  A,  it  is  only  50  millions  of  miles 
distant  from  us.  For  as  the  whole  distance 
of  the  planet  from  the  sun,  A  S,  is  145  mil- 
lions, subtract  the  distance  of  the  earth  from 
the  sun,  E  <S=95  millions,  and  the  remainder 
will  be  the  distance  of  the  planet,  E  A— 50 
millions  of  miles  from  the  earth.  Small  as 
this  distance  may  appear  compared  with  that 
of  some  of  the  other  planets,  it  would  require 
more  than  285  years  for  a  steam-carriage, 
moving  without  intermission  at  the  rate  of 
twenty  miles  an  hour,  to  pass  over  the  space 
which  intervenes  between  the  earth  and  Mars 
at  its  nearest  distance. 

From  what  has  been  now  stated,  it  is  evi- 
dent that  this  planet  will  present  a  very  dif- 
ferent aspect  as  to  size  and  splendour  in 
different  parts  of  its  orbit.  When  nearest  to 
the  earth,  it  appears  with  a  surface  twenty- 
five  times  larger  than  it  does  at  its  greatest 
distance,  and  seems  to  vie  with  Jupiter  in  ap- 
parent magnitude  and  splendour.  But,  when 


verging  towards  its  conjunction  with  the  sun, 
it  is  almost  imperceptible.  And  this  is  one 
proof,  among  others,  of  the  truth  of  the  Co- 
pernican  system.  All  its  motions,  stations, 
and  direct  and  retrograde  movements,  and  the 
times  in  which  they  happen,  exactly  accord 
with  its  position  in  the  system  and  the  motion 
of  the  earth,  as  a  planet  between  the  orbits  of 
Venus  and  Mars.  Whereas,  were  the  earth 
supposed  to  be  the  centre  of  this  planet's  mo- 
tion, according  to  the  Ptolemaic  hypothesis, 
it  would  be  impossible  to  account  for  any  of 
the  phenomena  above  stated. 

The  orbit  of  Mars  is  901,064,000,  or  more 
than  900  millions  of  miles  in  circumference. 
Through  this  space  it  moves  in  one  year  and 
322  days,  or  in  16,488  hours.  Consequently, 
its  rate  of  motion  is  54,640  miles  every  hour, 
which  is  more  than  a  hundred  times  the 
greatest  velocity  of  a  cannon  ball  when  it 
leaves  the  mouth  of  the  cannon.  The  diur- 
nal rotation  of  this  planet,  or  its  revolution 
round  its  axis,  is  accomplished  in  twenty-four 
hours,  thirty-nine  minutes,  twenty-one  se- 
conds, which  is  about  two-thirds  of  an  hour 
longer  than  our  day.  This  period  of  rotation 
was  first  ascertained  by  Cassini,  from  the  mo- 
tion of  certain  spots  on  its  surface,  which  I 
shall  afterward  describe.  Its  axis  is  inclined 
to  the  plane  of  its  orbit  in  an  angle  of  thirty 
degrees,  eighteen  minutes,  which  is  nearly 
seven  degrees  more  inclined  from  the  perpen- 
dicular than  that  of  the  earth.  This  motion 
is  in  the  same  direction  as  the  rotation  of  the 
earth,  namely,  from  west  to  east.  The  incli- 
nation of  the  orbit  of  Mars  to  that  of  the 
earth  is  one  degree,  fifty-one  minutes,  six  se- 
conds, so  that  this  planet  is  never  so  much  as 
two  degrees  either  north  or  south  of  the 
ecliptic.  The  orbit  of  Mars  is  considerably 
eccentric.  Its  eccentricity  is  no  less  than 
13,463,000  miles,  or  about  1-21  of  its  diame- 
ter, which  is  more  than  eight  times  the  eccen- 
tricity of  the  orbit  of  the  earth.  Hence  it 
follows,  that  Mars,  when  in  opposition  to  the 
sun,  may  be  nearer  the  earth  by  a  considerable 
number  of  millions  of  miles  at  one  time  than 
at  another,  when  he  happens  to  be  about  his 
perihelion,  or  nearest  distance  from  the  sun 
at  such  opposition.  On  the  27th  of  August, 
1719,  this  planet  was  in  such  a  position, 
being  in  opposition  within  two  and  a  half  de- 
grees of  its  perihelion,  and  nearer  to  the  earth 
than  it  had  been  for  a  long  period  before  ;  so 
that  its  magnitude  and  brightness  were  so 
much  increased  that,  by  common  spectators, 
it  was  taken  for  a  new  star. 

Appearance  of  the  Surface  of  Mars  when 
viewed  through  Telescopes. — It  was  not  be- 
fore the  telescope  was  brought  to  a  certain 
degree  of  perfection  that  spots  were  discovered 
on  the  surface  of  Mars.  This  instrument  vfes 
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first  directed  to  the  heavens  by  Galileo,  in  the 
year  1610;  but  it  was  not  till  the  beginning 
of  1666  than  any  of  the  spots  which  diversify 
this  planet  were  discovered.  On  the  6th  of 
February,  that  year,  in  the  morning,  Cassini, 
with  a  telescope  of  sixteen  feet  long,  saw  two 
dark  spots  on  the  face  of  Mars,  as  represented 
in  Fig.  35  ;  and  on  February  24,  in  the  even- 
ing, he  saw  on  the  other  face  of  the  planet 
two  other  spots,  somewhat  like  those  of  the 
first,  but  larger,  as  represented  in  Fig.  36. 


of  Mars  is  represented  in  Fig.  37.  On  L 
27th  of  August,  1719,  the  same  observer 
with  a  telescope  of  thirty-four  feet  in  length, 
perceived,  among  several  other  spots,  a  long 
belt  that  reached  about  half  way  round  the 
planet,  not  parallel  to  its  equator,  to  the  end 
of  which  another  short  belt  was  joined,  so  as 
to  form  an  angle  a  little  obtuse,  as  represented 
in  Fig.  38. 

Fig.  37.  Fig.  38. 


Fig.  35. 


Fig.  36. 


These  figures  are  copied  from  the  first  volume 
of  the  Transactions  of  the  Royal  Society. 
Afterward,  continuing  his  observations,  he 
found  the  spots  of  these  two  faces  to  turn  by 
little  and  little  from  east  to  west,  and  to  return 
at  last  to  the  same  situation  in  which  he  had 
first  seen  them.  Campani  and  several  other 
astronomers  observed  similar  spots  about  the 
same  time  at  Rome,  and  Dr.  Hook  in  Eng- 
land. Some  of  these  observers  were  led  to 
conclude,  from  the  motion  of  these  spots, 
that  the  rotation  of  this  planet  was  accom- 
plished in  thirteen  hours ;  but  Cassini,  who 
observed  them  with  particular  care,  proved 
that  the  period  of  rotation  was  about  twenty- 
four  hours  and  forty  minutes,  and  showed 
that  the  error  of  the  other  astronomers  arose 
from  their  not  distinguishing  the  difference 
of  the  spots  which  appeared  on  the  opposite 
sides  of  the  disk  of  Mars.  The  deductions 
of  Cassini  on  this  point  have  been  fully  con- 
firmed by  subsequent  observations. 

Maraldi,  a  celebrated  French  mathematician 
and  astronomer,  made  particular  observations 
on  these  spots  in  the  year  1704.  He  observed 
that  the  spots  were  not  always  well  defined, 
and  tRat  they  often  changed  their  form,  not 
only  in  the  space  of  time  from  one  opposition 
to  another,  but  even  within  the  space  of  a 
month ;  but  some  of  them  continued  of  the 
same  form  long  enough  to  ascertain  their 
periods.  Among  these  was  an  oblong  spot, 
not  unlike  one  of  the  broken  belts  of  Jupiter, 
that  did  not  reach  quite  round  the  body  of 
Mars,  but  had,  not  far  from  the  middle  of  it,  a 
small  protuberance  towards  the  north,  so  well 
defined  as  to  enable  him  to  settle  the  period 
of  its  revolution  at  twenty-four  hours,  thirty- 
nine  minutes ;  only  one  minute  less  than  as 
Cassini  had  determined  it.  This  appearance 
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The  following  figures  represent  the  appeal 
ance  of  the  spots  as  seen  by  Dr.  Hook  in 
1666.  He  saw  Mars  on  March  3,  1666,  as 
represented  in  Fig.  39,  which  appearance  was 
taken  down  at  the  moment  of  observation, 
On  the  23d  of  the.  same  month  he  perceived 
the  spots  as  delineated  in  Fig.  40,  which  ap- 

Fig.  39.  Fig.  40. 


pears  to  have  been  either  the  same  spots  in 
another  position,  or  some  other  spots  on  the 
other  hemisphere  of  the  planet. 

The  following  are  two  views  of  this  plane} 
by  Sir  William  Herschel,  who  has  given  a 
great  variety  of  delineations  of  the  different 
appearances  of  Mars  in  the  Transactions  of 
the  Royal  Society  of  London  for  1784. 

Fig  41.  Fig.  42. 


My  own  views  of  this  planet  have  not  been 
numerous,  as  it  is  only  at  intervals  of  two 
years,  when  near  its  opposition,  that  observa- 
tions can  be  made  on  its  surface  with  effect. 
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I  have,  however,  distinctly  perceived  its  sur- 
face as  delineated  in  Figures  43   and   44. 
Fig.  43.  Fig.  44. 


These  observations  were  made  in  November 
and  December,  1832,  and  in  January,  1837, 
and  the  appearances  were  very  nearly  the 
same  ;  but  the  spots  as  represented  in  the  two 
figures  were  seen  at  different  times,  and  were 
evidently  on  different  hemispheres  of  the  pla- 
net, which  were  presented  in  succession  by  its 
motion  of  rotation.  The  instrument  used  in 
the  observations  was  a  44^  inch  achromatic 
telescope,  with  magnifying  powers  of  150  and 
180  times. 

Besides  the  dark  spots  here  delineated,  there 
is  a  small  portion  of  the  globe  of  Mars,  round 
its  south  pole,  which  has,  at  least  occasionally, 
a  much  brighter  appearance  than  the  other 
parts.  Maraldi,  who  made  observations  on 
Mars  about  the  year  1719,  says  that  this 
bright  spot  had  been  noticed  for  sixty  years 
before  that  period,  and  that  it  is  more  perma- 
nent than  any  of  the  other  spots  of  Mars ; 
that  this  segment  or  zone  is  not  all  of  equal 
brightness,  more  than  one  half  of  it  being 
brighter  than  the  rest ;  that  the  part  which  is 
least  bright  is  subject  to  great  changes,  and 
has  sometimes  disappeared ;  and  that  there 
has  sometimes  been  seen  a  similar  luminous 
zone  round  the  north  pole  of  Mars,  which  has 
appeared  of  different  brightness  in  different 
years.  The  bright  spot  at  the  polar  point  is 
represented  at  a,  Figures  41  and  42.  These 
white  spots  have  been  conjectured  to  be  snow, 
as  they  disappear  when  they  have  been  long 
exposed  to  the  sun,  and  are  greatest  when 
just  emerging  from  the  long  night  of  the 
polar  winter  in  that  planet.  This  is  the 
opinion  of  Sir  W.  Herschel,  in  Ms  paper  on 
this  subject  in  the  Philosophical  Transactions, 
"In  the  year  1781,"  says  this  astronomer, 
"  the  south  polar  spot  was  extremely  large, 
which  we  might  well  expect,  as  that  pole  had 
but  lately  been  involved  in  a  whole  twelve- 
month's darkness  and  absence  of  the  sun; 
but  in  1783  I  found  it  considerably  smaller 
than  before,  and  it  decreased  continually  from 
the  20th  of  May  till  about  the  middle  of  Sep- 
tember, when  it  seemed  to  be  at  a  stand. 
During  this  last  period  the  south  pole  had 
already  been  about  eight  months  enjoying  the 
benefit  of  summer,  and  still  continued  to  re- 


ceive the  sunbeams,  though,  towards  the  latter 
end,  in  such  an  oblique  direction  as  to  be  but 
little  benefited  by  them.  On  the  other  hand, 
in  the  year  1781,  the  north  polar  spot,  which 
had  then  been  its  twelvemonth  in  the  sun- 
shine, and  was  but  lately  returning  into 
darkness,  appeared  small,  though  undoubtedly 
increasing  in  size."  Hence  he  concludes, 
"  that  the  bright  polar  spots  are  owing  to  the 
vivid  reflection  of  light  from  frozen  regions, 
and  that  the  reduction  of  those  spots  is  to  be 
ascribed  to  their  being  exposed  to  the  sun." 

Atmosphere  of  Mars. — From  the  gradual 
diminution  of  the  light  of  the  fixed  stars  when 
they  approach  near  the  disk  of  Mars,  it  has 
been  inferred  that  this  planet  is  surrounded 
with  an  atmosphere  of  great  extent.  Although 
the  extent  of  this  atmosphere  has  been  much 
overrated,  yet  it  is  generally  admitted  by 
astronomers  that  an  atmosphere  of  consider- 
able density  and  elevation  exists.  Both  Cas- 
sini  and  Roemer  observed  a  star,  at  six  minutes 
from  the  disk  of  Mars,  become  so  faint  before 
it  was  covered  by  the  planet  that  it  could  not 
be  seen  even  with  a  three  feet  telescope; 
which,  in  all  probability,  was  caused  by  the 
light  of  the  star  being  obscured  by  passing 
through  the  dense  part  of  the  atmosphere  of 
the  planet.  It  is  doubtless  owing  to  this  cir- 
cumstance that  Mars  presents  so  ruddy  an 
appearance,  more  so  than  any  other  planet  or 
star  in  the  nocturnal  sky.  When  a  beam  of 
light  passes  through  a  dense  medium,  its 
colour  inclines  to  red,  the  other  rays  being 
partly  reflected  or  absorbed.  Thus  the  morn- 
ing and  evening  clouds  are  generally  tinged 
with  red,  and  the  sun,  moon,  and  stars,  when 
near  the  horizon,  either  rising  or  setting,  uni- 
formly assume  a  ruddy  aspect,  because  their 
light  then  passes  through  the  lower  and 
denser  part  of  our  atmosphere.  When  the 
light  of  the  sun  passes  through  the  atmo- 
sphere of  Mars,  the  most  refrangible  colours, 
such  as  the  violet,  will  be  partly  absorbed ; 
and  before  the  reflected  rays  reach  the  earth, 
they  must  again  pass  through  the  atmosphere 
of  the  planet,  and  be  deprived  of  another  por- 
tion of  the  most  refrangible  rays ;  and,  conse- 
quently, the  red  rays  will  predominate,  and 
the  planet  assume  a  dull  red  colour.  This  I 
conceive  to  be  the  chief  reason  why  I  could  . 

never  perceive  Mars  in  the  daytime,  even 
when  in  the  most  favourable  position,  so  dis- 
tinctly as  Jupiter,  although  the  quantity  of 
solar  light  which  falls  on  this  planet  is  more 
than  eleven  times  greater  than  what  falls  on 
Jupiter;  which  seems  to  indicate  that  Jupiter 
is  surrounded  with  a  less  dense  and  more 
transparent  atmosphere.  Sir  W.  Herschel, 
though  he  questions  the  accuracy  of  some  of 
the  observations  of  the  dimness  caused  by  the 
appulses  of  the  fixed  stars  to  this  planet,  yet 
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admits  that  it  has  a  considerable  atmosphere. 
"  For,"  says  he,  "  besides  the  permanent  spots 
on  its  surface,  I  have  often  noticed  occasional 
changes  of  partial  bright  belts,  and  also  once 
a  darkish  one  in  a  pretty  high  latitude :  and 
these  alterations  we  can  hardly  ascribe  to  any 
other  cause  than  the  variable  disposition  of 
clouds  and  vapours  floating  in  the  atmosphere 
of  the  planet." 

Conclusions  respecting  the  Physical  Con- 
stitution  of  Mars. — From  the  preceding  ob- 
servations and  the  'views  we  have  exhibited 
of  this  planet,  I  presume  we  are  warranted  to 
deduce,  with  a  high  degree  of  probability,  the 
following  conclusions :  1.  That  land  and 
water,  analogous  to  those  on  our  globe,  exist 
in  the  planet  Mars.  The  dark  spots  are 
obviously  the  water  or  seas  upon  its  surface, 
which  reflect  a  much  less  proportion  of  the 
solar  light  than  the  land.  "  The  seas,"  says 
Sir  John  Herschel,  "by  a  general  law  in 
optics,  appear  greenish,  and  form  a  contrast 
to  the  land.  I  have  noticed  this  phenomenon 
on  many  occasions,  but  never  more  distinct 
than  on  the  occasion  when  the  drawing  was 
made ;"  from  which  the  figure  of  Mars  in  his 
"  Astronomy"  is  engraved.  It  is  not  im- 
probable, from  the  size  of  the  dark  spots 
compared  with  the  whole  disk  of  Mars,  that 
about  one-third  or  one-fourth  of  the  surface 
of  that  planet  is  covered  with  water.  If  this 
estimate  be  nearly  correct,  it  will  follow  that 
the  quantity  of  land  and  water  on  Mars  is 
nearly  in  a  reverse  proportion  to  that  which 
obtains  on  our  globe,  wY%ere  the  quantity  of 
water  is  nearly  four  times  greater  than  that 
of  the  land.  The  dark  spots  in  some  of  the 
views  given  above  seem  to  convey  the  idea 
of  several  large  gulfs  or  bays  running  up  into 
the  land.  The  various  appearances  of  these 
spots  which  we  have  delineated  are  partly 
owing  to  the  different  relations  and  positions 
in  which  they  appear  during  different  periods 
of  the  planet's  rotation,  as  I  have  already 
shown  would  happen  in  the  appearance  of 
the  earth  were  it  viewed  from  a  distance  in 
the  heavens  (see  page  51.)  2.  It  is  pro- 
bable, too,  that  there  are  strata  of  clouds  of 
considerable  extent  occasionally  floating  in 
the  atmosphere  of  Mars;  for  some  of  the 
observers  referred  to  above  have  remarked 
that  some  of  the  spots  "  changed  their  form  in 
the  course  of  a  month ;"  and  Sir  W.  Herschel, 
as  above  stated,  declares  that  he  has  noticed 
**  occasional  changes  of  partial  bright  belts, 
and  also  once  of  a  darkish  one."  These,  in 
all  probability,  were  clouds  of  greater  or  less 
density,  which,  for  the  most  part,  would  appear 
brighter  than  the  seas  by  the  reflection  of  the 
solar  rays  from  their  upper  surfaces;  for 
although  the  under  surface  of  dense  clouds 
appears  dark  to  us  who  view  them  from 
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below,  yet,  were  we  to  view  their  upper  sur- 
face from  a  distance  when  the  sun  shines 
upon  them,  they  would  undoubtedly  present 
a  bright  appearance  by  the  reflection  of  the 
solar  rays.  It  is  doubtless  owing  to  the  occa- 
sional interposition  of  such  clouds  in  the 
atmosphere  of  Mars  that  the  permanent  spots 
sometimes  appear  to  vary  their  form  and 
aspect.  3.  A  variety  of  seasons,  somewhat 
similar  to  ours,  must  be  experienced  in  this 
planet.  The  diversity  of  seasons  on  our 
globe  arises  chiefly  from  the  inclination  of  its 
axis  to  the  plane  of  the  ecliptic.  Now,  in 
reference  to  Mars,  the  axis  of  rotation  is  in- 
clined to  its  orbit  at  even  a  greater  angle  than 
that  of  the  earth ;  and,  therefore,  the  contrast 
between  its  opposite  seasons  is  probably  more 
marked  and  striking  than  on  the  earth.  The 
seasons  will  also  continue  for  a  much  longer 
period  than  with  us,  as  the  year  in  Mars  is 
nearly  double  the  length  of  ours,  so  that  sum- 
mer and  winter  will  be  prolonged  for  a  period 
of  eight  or  nine  months  respectively.  If  the 
opinion  of  Sir  W.  Herschel  be  correct,  that 
the  white  spots  at  the  poles  of  Mars  are 
caused  by  the  reflection  of  the  sun's  rays 
from  masses  of  ice  and  snow,  it  will  afford  an 
additional  proof  of  the  existence  of  a  diversity 
of  seasons  on  this  planet,  and  that  its  inhabit- 
ants are  subjected  to  a  winter  of  great  severity 
and  of  long  duration.  4.  This  planet  bears  a 
more  striking  resemblance  to  the  earth  than 
any  other  planet  in  the  solar  system.  Its 
distance  from  the  sun,  compared  with  that 
of  the  other  superior  planets,  is  but  a  little 
more  than  that  of  the  earth.  The  distinction 
of  land  and  water  on  its  surface  is  more 
strikingly  marked  than  on  any  of  the  other 
planets.  It  is  encompassed  with  an  atmo- 
sphere of  considerable  extent.  It  is  probable 
that  large  masses  of  clouds  are  occasionally 
formed  in  that  atmosphere,  such  as  sometimes 
hover  over  the  whole  of  Britain,  and  even  of 
Europe,  for  several  weeks  at  a  time.  The 
length  of  the  day  is  nearly  the  same  as  ours, 
and  it  has  evidently  a  succession  of  different 
seasons.  Were  we  warranted  from  such  cir- 
cumstances to  form  an  opinion  respecting  the 
physical  and  moral  state  of  the  beings  that 
inhabit  it,  we  might  be  apt  to  conclude  that 
they  are  in  a  condition  not  altogether  very 
1  different  from  that  of  the  inhabitants  of  our 
globe. 

Magnitude  and  Extent  of  Surface  of 
Mars. — This  planet  is  now  estimated  to  be 
about  4200  miles  in  diameter,  which  is  only 
a  little  more  than  half  the  diameter  of  the 
earth.  It  contains  38,792,000,000,  or  more 
than  38  thousand  millions  of  solid  miles ;  and 
the  number  of  square  miles  on  its  surface  is 
55,417,824,  or  more  than  fifty-five  millions, 
which  is  about  six  millions  of  square  miles 
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more  than  on  all  the  habitable  parts  of  our 
globe.  At  the  rate  of  population  formerly 
stated,  280  to  a  square  mile,  it  would  contain 
a  population  of  more  than  fifteen  thousand 
five  hundred  millions,  which  is  nineteen  times 
the  number  of  the  inhabitants  of  the  earth; 
but,  as  it  is  probable  that  one-third  of  the 
surface  of  Mars  is  covered  with  water,  should 
we  subtract  one-third  from  these  sums  there 
would  still  remain  accommodation  for  twelve 
times  the  number  of  the  population  of  our 
globe. 

No  moon  or  secondary  planet  has  yet  been 
discovered  about  Mars;  yet  this  is  no  proof 
that  it  is  destitute  of  such  an  attendant ;  for 
as  all  the  secondary  planets  are  much  less 
than  their  primaries,  and  as  Mars  ranks  among 
the  smallest  planets  of  the  system,  its  satellite, 
if  any  exist,  must  be  extremely  small.  The 
second  satellite  of  Jupiter  is  only  the  1-43 
part  of  the  diameter  of  that  planet;  and  a 
satellite  bearing  the  same  proportion  to  Mars 
would  be  only  ninety-seven  miles  in  diameter. 
But,  suppose  it  were  double  this  size,  it  could 
scarcely  be  distinguishable  by  our  telescopes, 
especially  when  we  consider  that  such  a  satel- 
lite would  never  appear  to  recede  to  any  con- 
siderable distance  from  the  margin  of  Mars. 
The  distance  of  the  first  satellite  of  Jupiter  is 
only  three  diameters  of  that  planet  from  its 
centre ;  and  the  distance  of  the  first  satellite 
of  Saturn  is  but  one  diameter  and  two  thirds 
from  its  centre.  Now,  if  a  satellite  of  the 
size  we  have  supposed  were  to  revolve  round 
Mars  at  the  distance  of  only  two  or  three  of 
its  diameters,  its  nearness  to  the  body  of  Mars 
would  generally  prevent  its  being  perceived, 
unless  with  telescopes  of  very  great  power, 
and  under  certain  favourable  circumstances ; 
and  it  could  never  be  expected  to  be  seen  but 
about  the  time  of  that  planet's  opposition  to 
the  sun,  which  happens  only  at  an  interval 
of  more  than  two  years.  If  such  a  satellite 
exist,  it  is  highly  probable  that  it  will  revolve 
at  the  nearest  possible  distance  from  the  planet, 
in  order  to  afford  it  the  greatest  quantity  of 
light ;  in  which  case  it  would  never  be  seen 
beyond  two  minutes  of  a  degree  from  the 
margin  of  the  planet,  and  that  only  in  certain 
favourable  positions.  If  the  plane  of  its  orbit 
lay  nearly  in  a  line  with  our  axis  of  vision,  it 
would  frequently  be  hidden  either  by  the 
interposition  of  the  body  of  Mars  or  by  tran- 
siting its  disk.  It  is  therefore  possible,  and 
not  at  all  improbable,  that  Mars  may  have 
a  satellite,  although  it  has  not  yet  been  dis- 
covered. It  is  no  argument  for  the  non-ex- 
istence of  such  a  body  that  we  have  not  yet 
seen  it ;  but  it  ought  to  serve  as  an  argument 
to  stimulate  us  to  apply  our  most  powerful 
instruments  to  the  regions  around  this  planet 
with  more  frequency  and  attention  than  we 


have  hitherto  done,  and  it  is  possible  our  dili- 
gence may  be  rewarded  with  the  discovery. 
The  long  duration  of  winter  in  tke  polar 
regions  of  Mars  seems  to  require  a  moon  to 
cheer  them  during  the  long  absence  of  the 
sun ;  and  if  there  be  none,  the  inhabitants  of 
those  regions  must  be  in  a  far  more  dreary 
condition  than  the  Laplanders  and  Green- 
landers  of  our  globe. 

Proportion  of  Light  on  the  Surface  of 
Mars. — As  the  quantity  of  solar  light  on  any 
of  the  planets  is  in  an  inverse  proportion  to 
their  distances  from  the  sun,  the  quantity  of 
light  which  falls  upon  Mars  will  be  much  less 
than  that  which  we  enjoy.  It  is  nearly  in  the 
proportion  of  43  to  100,  which  is  less  than 
one-half  of  the  light  which  falls  upon  the 
earth.  This  is  partly  the  reason  why  Mars 
appears  so  much  less  brilliant  than  Venus, 
but  it  is  not  the  only  reason  ;  for  Jupiter  ap- 
pears much  more  brilliant  than  Mars,  although 
he  is  placed  at  a  much  greater  distance  from 
the  sun.  The  refraction,  reflection,  and  ab- 
sorption of  the  rays  of  light,  in  passing  through 
the  dense  atmosphere  to  which  we  have  allud- 
ed, form,  doubtless,  one  principal  reason  why 
Mars  appears  more  sombre  in  its  aspect  than 
Jupiter  or  Venus.  The  following  figure  re- 
Fig.  45. 


presents  the  apparent  size  of  the  sun  as  seen 
from  Mars  and  the  earth.  The  circle  m  re- 
presents the  size  of  the  sun  as  seen  from  Mars, 
and  e  as  seen  from  the  earth.  The  degree  of 
heat  on  different  parts  of  this  planet  will  de- 
pend upon  various  circumstances ;  the  inclina- 
tion of  its  axis,  the  positions  of  places  in  respect 
to  its  equator  and  poles,  the  nature  of  its  soil, 
the  materials  which  compose  its  surface,  the 
quantity  of  water  in  different  regions,  the  con- 
stitution of  its  atmosphere,  and  other  circum- 
stances with  which  we  are  unacquainted. 

The  figure  of  Mars  is  an  oblate  spheroid, 
like  that  of  the  earth,  but  much  flatter  at  the 
poles.  Its  equatorial  diameter  is  to  its  polar 
as  1355  to  1272,  or  nearly  as  16  to  15  ;  con- 
sequently, if  its  equatorial  diameter  be  4200 
miles,  its  polar  diameter  will  be  only  3937, 
which  is  263  miles  shorter  than  the  equatorial. 
The  mass  of  this  planet  compared  with  thac 
of  the  sun  is  as  1  to  1.846,082.  Its  density 
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compared  with  water  is  as  3  2-7  to  1,  which 
is  considerably  less  than  that  of  the  earth,  but 
greater  than  the  general  density  of  the  rocks 
and  other  materials  which  compose  the  surface 
of  our  globe.  A  body  which  weighs  one  pound 
on  the  surface  of  the  earth  would  weigh  only 
five  ounces  six  drachms  on  the  surface  of 
Mars. 

T.    OX    THE    I.ATELY-l)TSCOVEnEI)    PLAXETS 
VESTA,  JUJfO,  CI.HES,  AND  PALLAS. 

The  immense  interval  which  lies  between 
the  orbits  of  Mars  and  Jupiter  led  some  astro- 
nomers to  surmise  that  a  planet  of  considerable 
magnitude  might  possibly  exist  somewhere 
within  this  limit.  This  conjecture  was 
grounded  on  the  intervals  which  exist  between 
the  rest  of  the  planetary  orbits.  Between  the 
orbits  of  Mercury  and  Venus  there  is  an  inter- 
val of  31,000,000  of  miles;  between  those  of 
Venus  and  the  earth,  27,000,000 ;  between 
those  of  the  earth  and  Mars,  50,000,000  ;  but 
between  the  orbits  of  Mars  and  Jupiter  there 
intervenes  the  immense  space  of  349,000,000 
of  miles.  Here  the  order  of  the  solar  system 
was  supposed  to  be  interrupted,  which  would 
form  an  exception  to  the  general  law  of  the 
proportion  of  the  planetary  distances.  No 
planetary  body,  however,  was  detected  within 
this  interval  till  the  beginning  of  the  present 
century  ;  and,  instead  of  one  large  body,  as 
was  surmised,  four  very  small  ones  have  been 
discovered.  These  bodies  are  situated  at  a 
distance  from  Mars  nearly  corresponding  to 
the  order  and  proportion  to  which  we  have 
now  alluded  ;  and  this  circumstance  leads  to 
a  belief  "  that  it  is  something  beyond  a  mere 
accidental  coincidence,  and  belongs  to  the 
essential  structure  of  the  system."  As  these 
bodies  are  invisible  to  the  naked  eye,  and  can 
only  be  seen  in  certain  favourable  positions, 
and  as  only  a  short  period  has  elapsed  since 
their  discovery,  we  are  not  yet  much  aquainted 
with  many  of  their  phenomena  and  physical 
peculiarities. 

Of  these  four  bodies,  the  first  discovered 
was  that  which  is  now  named  Ceres,  and 
sometimes  Piazzi,  from  the  name  of  its  dis- 
coverer. It  was  discovered  at  Palermo,  in  the 
island  of  Sicily,  on  the  1st  of  January,  1801, 
or  the  first  day  of  the  present  century,  by 
Piazzi,  a  celebrated  astronomer  belonging  to 
that  city,  who  has  since  distinguished  himself 
by  his  numerous  observations  on  the  fixed 
stars.  This  new  celestial  body  was  then  situ- 
ated in  the  constellation  Taurus,  and,  conse- 
quently, at  no  very  great  distance  from  its 
opposition  to  the  sun.  It  was  observed  by 
Piazza  till  the  12th  of  February  following, 
when  a  dangerous  illness  compelled  him  to 
discontinue  his  observations  ;  but  it  was  again 
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discovered  by  Dr.  Olbers,  of  Bremen,  after  a 
series  of  unwearied  observations  and  laborious 
calculations,  founded  on  a  few  insulated  facts 
which  had  been  stated  by  Piazza.  Dr.  Brew- 
ster  states,  in  the  "Edinburgh  Encylopcedia," 
vol.  ii.  p.  638,  and  likewise  in  his  second  edi- 
tion of  "  Ferguson's  Astronomy,"  vol.  ii.  p. 
38,  "  that  the  rediscovery  of  this  planet  by 
Olbers  did  not  take  place  till  the  1st  of  Janu- 
ary 1807  ;"  which  must  be  a  mistake,  for  in 
"  La  Decade  Philosophises,"  for  July,  1803, 
it  is  stated  that  Dr.  Olbers,  some  time  before, 
received  La  Lande's  prize  for  having  dis- 
covered the  planet  Pallas ;  and,  at  the  same 
time,  his  merit  is  referred  to  in  having  redis- 
covered Ceres,  and  having  been  among  the 
first  that  announced  it  to  the  world.  Besides, 
Sir  W.  Herschel  has  observations  on  this 
planet  in  the  "  Philosophical  Transactions," 
of  date  February  7,  1802,  which,  of  course, 
was  posterior  to  Dr.  Olber's  rediscovery. 

The  planet  Pallas,  or,  as  it  is  sometimes 
named,  Olbers,  was  discovered  on  the  28th  of 
March,  1802, — only  fifteen  months  after  the 
discovery  of  Ceres, — by  Dr.  Olbers,  a  physician 
at  Bremen,  in  Lower  Saxony,  distinguished 
for  his  numerous  celestial  observations,  and 
for  his  easy  and  commodious  method  of  calcu- 
lating the  orbits  of  comets.  The  planet  Juno 
was  discovered  on  the  evening  of  September 
1,  1804,  within  two  years  and  a  half  of  the 
discovery  of  Pallas,  by  M.  Harding,  at  the  ob- 
servatory of  Lilienthal,  near  Bremen,  while 
endeavouring  to  form  an  atlas  of  all  the  stars 
near  the  orbits  of  Ceres  and  Pallas,  with  the 
view  of  making  further  discoveries.  While 
thus  engaged,  he  perceived  a  small  star  of 
about  the  eighth  magnitude,  which  was  not 
marked  in  the  Celestial  Atlas  of  La  Lande, 
which  he  put  down  in  his  chart.  Two  days 
afterward  he  found  that  the  star  had  disap- 
peared from  the  position  in  which  he  had 
marked  it ;  but  a  little  to  the  south-west  of 
that  position  he  perceived  another  star  resem- 
bling it  in  size  and  colour ;  and  having  ob- 
served it  again  on  the  5th  of  September,  and 
finding  that  it  had  moved  a  little  in  the  same 
direction  as  before,  he  concluded  that  it  was  a 
moving  body  connected  with  the  solar  system. 

The  planet  Vesta  was  discovered  on  the 
29th  of  March,  1807,  little  more  than  two 
years  and  a  half  after  the  discovery  of  Juno, 
so  that  four  primary  planets  belonging  to  our 
system,  which  had  been  hidden  for  thousands 
of  years  from  the  inhabitants  of  our  globe, 
were  discovered  within  the  space  of  little  more 
than  six  years.  Vesta  must  then  have  been 
near  its  opposition.  The  discovery  of  Vesta 
was  made  by  Dr.  Olbers,  who  had  previously 
discovered  Pallas,  and  rediscovered  Ceres. 
He  had  formed  an  idea  that  the  three  small 
bodies  lately  discovered  might  possibly  be  the 
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fragments  of  a  larger  planet,  which  had  been 
burst  asunder  by  some  unknown  and  power- 
ful irruptive  force  proceeding  from  its  interior 
parts,  and  that  more  fragments  might  still  be 
detected.  Whether  this  opinion  be  tenable 
or  not,  it  seems  to  have  led  to  the  discovery 
of  Vesta  ;  for  the  doctor  concluded,  if  his  opi- 
nion were  just,  that  although  the  orbits  of  all 
these  fragments  might  be  differently  inclined 
to  the  ecliptic,  yet,  as  they  must  all  have  di- 
verged from  the  same  paint,  "  they  ought  to 
have  two  common  points  of  reunion,  or  two 
nodes  in  opposite  regions  of  the  heavens, 
through  which  all  the  planetary  fragments 
must  sooner  or  later  pass."  One  of  these 
nodes,  or  points  of  intersection  of  the  orbits, 
he  found  to  be  in  the  sign  Virgo,  and  the 
other  in  the  constellation  of  the  Whale  ,•  and 
it  was  actually  in  the  regions  of  the  Whale 
that  the  planet  Juno  was  discovered  by  M. 
Harding.  With  the  view,  therefore,  of  detect- 
ing other  fragments,  if  any  should  exist,  Dr. 
Olbers  examined,  three  times  every  year,  all 
the  small  stars  in  the  opposite  constellations 
of  Virgo  and  the  Whale,  and  in  the  constella- 
tion Virgo  the  planet  Vesta  was  first  seen.* 

*  William  Olbers,  M.  P.,  the  discoverer  of  Vesta 
and  Pallas,  was  horn  on  the  llth  of  October,  1758, 
at  Arbergen,  a  village  in  the  Duchy  of  Bremen, 
where  his  father  was  a  clergyman.  His  father,  be- 
sides being  a  man  of  great  general  learning,  was 
a  good  mathematician  and  a  lover  of  astronomy. 
Young  Olhers,  when  in  his  fourteenth  year,  felt  a 
great  taste  for  that  science.  During  an  evening 
walk  in  the  month  of  August,  having  observed  the 
Pleiades,  or  seven  stars,  he  became  very  desirous 
of  knowing  to  what  constellation  they  belonged. 
He  therefore  purchased  some  charts  and  books, 
and  began  to  study  this  science  with  the  greatest 
diligence  ;  he  read  with  the  greatest  avidity  every 
astronomical  work  he  was  able  to  procure,  and  in 
a  few  months  made  himself  aquainted  with  all  the 
constellations,  Finding  that  a  knowledge  of  ma- 
thematics was  necessary  to  the  study  of  astrono- 
my, he  devoted  all  his  leisure  time  to  this  subject. 
He  was  at  the  same  time  engaged  in  the  study  of 
medicine  as  a  profession.  In  the  year  1779,  when 
pcarcely  twenty-one  years  of  age,  he  observed  at 
Gottingen,  and  calculated  the  first  comet.  An  ac- 
count of  this  labour  was  published  in  the  "Berlin 
Astronomical  Calender"  for  1782,  where  it  is 
mentioned  that  Olbers  made  his  construction  one 
nisht  while  attending  a  patient ;  and  yet  it  was 
afterward  found  that  his  determination  of  this 
orbit  corresponded  with  the  most  accurate  ele- 
inerits  ofthe  comet  which  were  calculated.  Since 
that  period,  the  astronomy  of  comets  has  been  his 
favourite  study,  and  it  is  admitted  that  none  ofthe 
methods  formerly  tried  for  calculating  the  orbjt  of 
a  comet  is  so  simple,  and,  at  the  same  time,  so 
elegant  ns  that  of  Dr.  Olbers.  When  at  Vienna, 
amid  all  his  applications  to  the  study  of  Medicine, 
he  was  the  first  who  observed  the  planet  Uranus 
(after  its  discovery  by  Herschel)  on  the  17th  of 
August,  1781.  On  the  19th  he  perceived  its  mo- 
tion, and  continued  his  observations  till  the  end 
of  September,  at  which  period  it  was  considered 
as  a  comet.  Returning  from  the  scene  of  his 
studies,  he  settled  at  Bremen  as  a  physician, 
Where  he  soon  acquired  the  confidence  of  his  fel- 
low-citizens, both  on  account  of  his  successful 
practice  and  integrity  and  affability  of  his  charac- 
ter. 


This  was  doubtless  a  remarkable  coincidence 
of  theory  with  observation,  and  affords  a  pre- 
sumption that  the  conjecture  of  this  eminent 
astronomer  may  possibly  have  a  foundation  in 
fact 

The  following  is  a  summary  of  what  Has  ~ 
been    ascertained    respecting    the   distances, 
magnitudes,  and  motions  of  these  bodies  : 

The  Planet  Vesta. — The  mean  distance  of 
this  planet  from  the  sun  is  reckoned  to  be 
about  225  millions  of  miles ;  its  annual  revo- 
lution is  completed  in  about  3  years  7  1-2 
months,  or  in  1325  days ;  the  circumference 
of  its  orbit  is  1414  millions  of  miles,  and,  of 
course,  it  moves  with  a  velocity,  on  an  aver- 
age, of  more  than  44,000  miles  an  hour.  The 
inclination  of  its  orbit  to  the  plane  ofthe  eclip- 
tic is  seven  degrees,  eight  minutes ;  and  its 
eccentricity  21  millions  of  miles.  The  diame- 
ter of  this  planet  has  been  estimated  by  some 
astronomers  at  only  about  270  miles  ;  and,  if 
this  estimate  be  correct,  it  will  contain  only 
229,000  square  miles,  or  a  surface  somewhat 
less  than  Great  Britain,  France,  and  Ireland  ; 
and,  according  to  the  rate  of  population  for- 
merly stated,  would  contain  64  millions  of  in- 
habitants, or  about  five  times  the  number  of 
the  inhabitants  of  the  United  States  of  Ame- 
rica, or  nearly  the  twelfth  part  of  the  popula- 
tion of  the  earth.  It  is  probable,  however,  that 
this  estimate  is  too  small,  and  that  the  appar- 
ent diameter  of  this  planet  has  not  yet  been 
accurately  taken  ;  for  the  light  of  this  body  is 
considered  equal  to  that  of  a  star  of  the  fifth 
or  sixth  magnitude,  and  it  may  sometimes  be 
distinguished  in  a  clear  evening  by  the  naked 
eye.  Its  light  is  more  intense  and  white  than 
that  of  either  Ceres,  Juno,  or  Pallas  ;  and  it  is 
not  surrounded  with  any  nebulosity,  as  some 
of  these  planets  are.  It  is  not  likely  that  a 
body  of  this  size  could  be  seen  at  the  distance 
of  130  millions  of  miles,  which  is  its  nearest 
approach  to  the  earth,  and  that,  too,  by  the 
naked  eye  (as  Schroeter  affirms  he  did  several 
times,)  unless  the  substances  on  its  surface 
were  of  such  a  nature  as  to  reflect  the  solar 
rays  with  a  far  greater  degree  of  brilliancy 
than  any  of  the  other  planets.  The  diameter 
of  the  third  satellite  of  Jupiter  is  reckoned  at 
3377  miles,  and  its  surface,  of  course,  contains 
35,827,211  square  miles,  which  is  156  times 
greater  than  the  surface  of  Vesta,  according 
to  the  above  estimation.  Yet  this  satellite  can 
never  (or,  at  least,  but  rarely)  be  seen  by  the 
naked  eye.  Vesta  is,  indeed,  only  about  one 
third  the  distance  from  us  of  the  satellite  of 
Jupiter ;  but,  making  allowance  for  this  cir- 
cumstance, it  should  be  at  least  twenty  times 
larger  in  surface,  than  is  estimated  above  in 
order  to  be  seen  by  the  naked  eye,  or  with  the 
same  distinctness  as  the  third  satellite  of  Jupi- 
ter. In  other  words,  it  should  have  a  diame-  !- 
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ter  of  at  least  1200  miles.  If  this  is  not  the 
case,  there  must  be  something  very  peculiar 
and  extraordinary  in  the  reflective  power  of 
the  materials  which  compose  its  surface  to  pro- 
duce such  an  intensity  of  light  from  so  small  a 
body  at  so  great  a  distance  as  130  millions  of 
miles.  I  am  therefore  of  opinion  that  the  size 
of  this  planet  has  not  yet  been  accurately  ascer- 
tained, and  that  future  and  more  accurate  ob- 
servations are  still  requisite  to  determine  its 
apparent  diameter  and  real  magnitude. 

The  Planet  Juno. — The  next  planet  in  the 
order  of  the  system  is  Juno.  Its  distance 
from  the  sun  is  estimated  at  254  millions  of 
miles.  The  circumference  of  its  orbit  is  1596 
millions  of  miles.  Through  this  circuit  it 
moves  in  four  years  and  128  days,  at  the  rate 
of  41,850  miles  every  hour.  Its  diameter,  ac- 
cording to  the  estimate  of  Schroeter,  is  1425 
English  miles.  Its  surface  will  therefore  con- 
tain six  millions,  three  hundred  and  eighty 
thousand  square  miles,  and  a  population  of 
one  thousand,  seven  hundred  and  eighty-six 
millions,  which  is  more  than  double  the  num- 
ber of  the  earth's  inhabitants.  The  orbit  of 
Juno  is  inclined  to  the  ecliptic  in  an  angle  of 
thirteen  degrees,  three  minutes.  Its  eccentri- 
city is  63,588,000  miles,  so  that  its  greatest 
distance  from  the  sun  is  316,968,000  miles, 
while  its  least  distance  is  only  189,792,000. 
Its  apparent  diameter  as  seen  from  the  earth 
is  little  more  than  three  seconds.  This  planet 
is  of  a  reddish  colour,  and  is  free  from  any 
nebulosity  ;  yet  the  observations  of  Schroeter 
render  it  probable  that  it  has  an  atmosphere 
more  dense  than  that  of  any  of  the  old  planets 
of  the  system.  A  remarkable  variation  in  the 
brilliancy  of  this  planet  has  been  observed  by 
this  astronomer,  which  he  attributes  to  changes 
that  are  going  on  in  its  atmosphere,  and  thinks 
it  not  improbable  that  these  changes  may 
arise  from  a  diurnal  rotation  performed  in 
twenty-seven  hours. 

The  Planet  Ceres.— This  planet  is  about 
263  millions  of  miles  from  the  sun,  and  com- 
pletes its  annual  revolution  in  four  years, 
seven  months,  and  ten  days.  The  circumfer- 
ence of  its  orbit  is  1653  millions  of  miles,  and 
it  moves  at  the  rate  of  about  forty-one  thou- 
sand miles  an  hour.  The  eccentricity  of  its 
orbit  is  20,598,000  miles.  Its  greatest  "dis- 
tance from  the  sun  is  283,500,000  miles,  and 
its  least  distance  242,300,000.  Its  apparent 
mean  diameter,  including  its  atmosphere,  ac- 
cording to  Schroeter,  is  somewhat  more  than 
six  seconds  at  its  mean  distance  from  the 
earth.  Its  real  diameter,  according  to  the 
estimate  of  the  same  astronomer,  is  1624 
English  miles  ;  but,  including  its  atmosphere, 
is  2974  miles.  Its  surface,  therefore,  contains 
8,285,580  square  miles,  or  about  the  one  sixth 
part  of  the  habitable  portions  of  our  globe ; 
(40S) 


and  would  afford  accommodation  for  2,319,- 
962,400,  or  more  than  2300  millions  of  in- 
habitants, according  to  the  rate  of  population 
in  England,  which  is  nearly  triple  the  present 
population  of  the  earth.  This  planet  is  of  a 
slight  ruddy  colour,  and  appears  about  the 
size  of  a  star  of  the  eighth  magnitude,  and  is 
consequently  invisible  to  the  naked  eye.  It 
seems  to  be  surrounded  with  a  dense  atmo- 
sphere, and  exhibits  a  disk  or  sensible  breadth 
of  surface  when  viewed  with  a  magnifying 
power  of  two  hundred  tunes.  Schroeter  has 
determined,  from  a  great  number  of  observa- 
tions, that  its  atmosphere  is  about  six  hundred 
and  seventy-five  English  miles  in  height,  and 
that  it  is  subject  to  numerous  changes.  Like 
the  atmosphere  of  the  earth,  it  is  very  dense 
near  the  planet,  and  becomes  rarer  at  a  great- 
er distance,  which  causes  its  apparent  dia- 
meter to  appear  somewhat  variable.  When 
this  planet  is  approaching  the  earth,  towards 
the  point  of  its  opposition  to  the  sun,  its  dia- 
meter increases  more  rapidly  than  it  ought  to 
do  from  the  diminution  of  its  distance,  which 
Schroeter  supposes  to  arise  from  the  finer  ex- 
terior strata  of  its  atmosphere  becoming  visible 
while  it  approaches  the  earth.  He  also  per- 
ceived that  the  visible  hemisphere  of  the  planet 
was  sometimes  overshadowed,  and  at  other 
times  cleared  up,  so  that  he  concludes  there  is 
little  chance  of  discovering  the  period  of  its 
diurnal  rotation.  The  inclination  of  its  orbit 
to  the  ecliptic  is  in  an  angle  of  ten  degrees, 
thirty-seven  minutes.  The  intensity  of  light 
upon  its  surface  is  more  than  seven  times  less 
than  what  we  enjoy. 

Sir  William  Herschel,  in  the  year  1802, 
after  the  discovery  of  Ceres  and  Pallas, 
made  a  number  of  observations  to  ascertain  if 
any  of  these  bodies  were  accompanied  with 
satellites.  Several  very  small  stars  were  occa- 
sionally perceived  near  Ceres  with  high  mag- 
nifying powers,  of  the  positions  and  motions 
of  which  he  has  given  several  delineations ; 
but  it  did  not  appear  probable,  in  subsequent 
observations,  that  they  accompanied  the  planet. 
In  his  observation  of  April  28,  with  a  power 
of  550,  he  says,  "  Ceres  is  surrounded  with  a 
strong  haziness.  The  breadth  of  the  coma, 
beyond  the  disk,  may  amount  to  the  extent 
of  a  diameter  of  the  disk,  which  is  not  very 
sharply  defined.  Were  the  whole  coma  and 
star  taken  together,  they  would  be  at  least 
three  times  as  large  as  my  measure  of  the 
star.  The  coma  is  very  dense  near  the  nu- 
cleus ;  but  loses  itself  pretty  abruptly  on  the 
outside,  though  a  gradual  diminution  is  still 
very  perceptible."  These  observations  seem 
to  corroborate  the  idea  that  Ceres  is  encom- 
passed with  an  atmosphere  of  great  density 
and  elevation. 

The  Planet  Pallas. — This  planet  revolves 
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about  the  sun  at  the  mean  distance  of  two 
hundred  and  sixty-three  millions  of  miles,  and 
finishes  its  revolution  in  1681  days,  17  hours, 
or  in  four  years  and  seven  and  one  third 
months,  which  is  within  a  day  of  the  time  of 
the  revolution  of  Ceres.  Its  distance  is  like- 
wise nearly  the  same  as  that  planet,  and  the 
circumference  of  its  orbit  will  also  be  nearly 
the  same.  This  planet,  however,  is  distin- 
guished in  a  remarkable  degree  both  from 
Ceres  and  from  all  the  other  planets  by  the 
very  great  inclination  of  its  orbit  to  the  plane 
of  the  ecliptic.  This  inclination  is  no  less 
than  thirty-four  degrees,  thirty-seven  minutes, 
or  nearly  five  times  the  inclination  of  Mer- 
cury's orbit,  which  was  formerly  reckoned  to 
have  the  greatest  inclination  of  any  of  the 
planetary  orbits.  The  eccentricity  of  the  orbit 
of  Pallas  is  likewise  greater  than  that  of  any 
of  the  other  planets,  being  no  less  than  64,- 
516,000  miles,  so  that  this  planet  is  129,000,- 
000  of  miles  nearer  the  sun  in  one  part  of  it? 
orbit  than  it  is  at  the  opposite  extremity.  Its 
greatest  distance  from  the  sun  is  327,437,000 
miles,  and  its  least  distance  only  198,404,000 
miles.  Of  course,  its  rate  of  motion  in  its 
orbit  must  be  very  variable,  sometimes  moving 
several  thousands  of  miles  an  hour  swifter  at 
one  time  than  at  another,  which  is  likewise 
the  case,  in  a  remarkable  degree,  with  the 
planet  Juno.  Its  mean  motion  is  about  41,- 

000  miles  an  hour. 

This  planet  presents  a  ruddy  aspect,  but 
less  so  than  that  of  Ceres.  It  is  likewise 
surrounded  with  a  nebulosity  somewhat  like 
that  of  Ceres,  but  of  less  extent.  The  fol- 
lowing are  some  of  the  observations  of  this 
planet  by  Schroeter  and  Herschel.  The 
atmosphere  of  Pallas,  according  to  Schroeter, 
is  to  that  of  Ceres  as  one  hundred  and  one  to 
one  hundred  and  forty-six,  or  nearly  as  two 
to  three.  It  undergoes  similar  changes,  but 
the  light  of  the  placet  exhibits  greater  varia- 
tions. On  the  1st  of  April  the  atmosphere 
of  Pallas  suddenly  cleared  up,  and  the  solid 
nucleus  or  disk  of  the  planet  was  alone  visible. 
About  twenty-four  hours  afterward  the  planet 
appeared  pale  and  surrounded  with  fog,  and 
this  appearance  continued  during  the  3d  and 
4th  of  April ;  but  this  phenomenon  was  not 
considered  as  arising  from  the  diurnal  rotation 
of  the  planet.  The  following  are  Herschel's 
observations :  "  April  22.  In  viewing  Pallas, 

1  cannot,  with  the  utmost  attention  and  under 
iavourable  circumstances,  perceive  any  sharp 
termination  which  might  denote  a  disk ;  it  is 
rather  what  I  would  call  a  nucleus.     April 
22.  The  appearance  of  Pallas  is  cometary ; 
the  disk,  if  it  has  any,  being  ill-defined.  When 
I  see  i*  to  the  best  advantage,  it  appears  like 
a  much-compressed,  extremely  small,  but  ill- 
defined  planetary  nebula.     May  1.  With  a 


twenty  feet  reflector,  power  477,  I  see  Pallas 
well,  and  perceive  a  very  small  disk,  with  a 
coma  of  some  extent  about  it,  the  whole 
diameter  of  which  may  amount  to  six  or  seven 
times  that  of  the  disk  alone." — Philosophical 
Transactions  for  1802. 

The  .diameter  of  this  planet  has  not,  per- 
haps, been  ascertained  with  sufficient  preci- 
sion. The  difference  in  the  estimates  formed 
by  Sir  W.  Herschel  and  M.  Schroeter  is  very 
great.  According  to  Schroeter,  the  diameter 
of  Pallas  is  2099  miles.  If  this  estimate  be 
nearly  correct,  Pallas  will  be  about  the  size  of 
our  moon,  and  will  comprehend  on  its  surface 
nearly  fourteen  millions  of  square  miles,  which 
would  accommodate  a  population  of  nearly 
four  thousand  millions,  or  five  times  the  popu- 
lation of  our  world.  The  apparent  mean 
diameter  of  this  planet,  comprehending  its  at- 
mosphere, at  its  mean  distance  from  the  earth, 
according  to  Schroeter,  is  six  and  a  half  se- 
conds. 

Such  is  a  brief  view  of  the  principal  facts 
which  have  been  ascertained  respecting  the 
planets  Vesta,  Juno,  Ceres,  and  Pallas.  All 
these  bodies  are  situated  between  the  orbits 
of  Mars  and  Jupiter,  and  they  are  all  invisible 
to  the  naked  eye,  except,  perhaps,  the  planet 
Vesta,  when  in  certain  favourable  positions. 
The  real  magnitudes  of  these  planets  are  not 
to  be  considered  as  yet  accurately  determined ; 
they  may  be  a  little  greater  or  less  than  what 
is  stated  above,  though  it  is  not  probable  they 
are  much  larger.  It  may  not  be  improper  to 
remark,  that  on  this  point  there  is  a  great  dif- 
ference in  the  estimates  of  Schroeter  and 
Herschel,  the  two  principal  observers  who 
have  investigated  the  phenomena  of  these 
planets,  owing  to  the  mode  in  which  they 
measured  the  apparent  diameters  of  these 
bodies.  According  to  Sir  W .  Herschel,  there 
is  none  of  these  bodies  that  exceeds  163  miles 
in  diameter.  But  it  is  obvious,  from  the  con- 
siderations I  have  stated  in  the  description  of 
Vesta,  that  bodies  of  such  a  small  size  could 
not  be  visible  at  such  a  distance,  unless  they 
were  either  luminous  or  composed  of  matter 
fitted  to  reflect  the  solar  light  with  an  extraor- 
dinary degree  of  brilliancy  ;  and  therefore  it 
is  far  more  probable  that  the  estimates  of 
Schroeter  are  nearest  the  truth. 

Peculiarities  of  the  New  Planets.—These 
bodies  present  to  our  view  various  singulari- 
ties and  anomalies,  which,  at  first  sight,  ap- 
pear incompatible  with  the  proportion  and 
harmony  which  we  might  suppose  originally 
to  have  characterized  the  arrangements  of  the 
solar  system.  In  the  first  place,  their  orbits 
have  a  much  greater  degree  of  inclination  to 
the  ecliptic  than  those  of  the  old  planets. 
The  orbit  of  Venus  is  inclined  to  the  ecliptic 
in  an  angle  of  three  degrees,  twenty  minute*  5 
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of  Mars,  one  degree,  fifty-one  minutes;  of 
Jupiter,  one  degree,  eighteen  minutes;  of 
Saturn,  two  degrees  and  a  half;  and  of  Ura- 
nus, only  forty-six  minutes.  But  the  inclina- 
tion of  the  orbit  of  Vesta  is  seven  degrees, 
nine  minutes;  of  Juno,  thirteen  degrees;  of 
Ceres,  ten  degrees,  thirty-seven  minutes ;  and 
of  Pallas,  no  less  than  thirty-four  degrees  and 
a  half,  which  is  nineteen  times  greater  than 
the  inclination  of  Mars,  and  twenty-seven 
times  greater  than  that  of  Jupiter.  The  pro- 
portion of  these  inclinations  is  represented  in 
the  following  figure. 

Fig.  46. 


ther  from  the  sun  than  when  it  is  at  the  point 
A,  which  is  called  its  Perikdion,  or  least  dis- 
tance from  the«un,  that  is,  it  is  129  millions 
of  miles  further  from  the  sun  in  the  one  case 
than  in  the  other,  which  is  nearly  one  fourth 
of  the  whole  transverse  diameter  of  the  orbit 
A  B.  Consequently,  its  motion  will  be  much 
slower  by  several  hundreds  of  thousands  of 
miles  a  day  when  near  the  point  B,  its  aphe- 
lion, than  when  near  its  perihelion  at  the 
point  A  ;  and  to  a  spectator  on  its  surface  the 
sun  will  appear  more  than  double  the  size 
from  the  point  A  that  he  does  from  the  point 


Fig.  47. 


Let  A  B  represent  the  plane  of  the  ecliptic, 
and  the  line  C  D  will  represent  the  inclina- 
tion of  the  orbit  of  Pallas=34£  degrees ,  E  F, 
the  inclination  of  the  orbit  of  Juno=13  de- 
grees; G  H,  the  inclination  of  Vesta's=7  de- 
grees ;  and  the  dotted  line  the  inclination  of 
Ceres=10£  degrees.  All  the  older  planets 
have  their  orbits  much  less  inclined  to  the 
ecliptic,  except  Mercury,  which  has  nearly  the 
same  inclination  as  Vesta ;  so  that  the  zodiac 
would  now  require  to  be  extended  nearly  five 
times  its  former  breadth  in  order  to  include 
the  orbits  of  all  the  planets. 

2.  The  orbits  of  these  planets  are  in  gene- 
ral more  eccentric  than  those  of  the  Bother 
planets;  that  is,  they  move  in  longer  and 
narrower  ellipses.  The  following  figure  nearly 
represents  the  orbit  of  Pallas,  and  the  orbit  of 
Juno  is  nearly  similar.  S  represents  the  sun 
in  one  of  the  foci  of  the  ellipse;  C  the 
centre ;  F  the  upper  focus  of  the  ellipse ; 
and  the  whole  line  A  B  the  transverse  diame- 
ter. Now  the  distance  S  C,  from  the  sun  to 
the  centre,  is  the  eccentricity  of  the  orbit.  This 
eccentricity,  in  the  case  of  Pallas,  amounts  to 
more  than  sixty-four  and  a  half  millions  of 
miles.  Consequently,  when  the  planet  is  at 
B,  which  is  called  its  Aphelion,  or  greatest 
distance  from  the  sun,  it  is  double  its  eccentri- 
city, or  the  whole  length  of  the  line  S  F  fur- 
(410) 


B ;  and  its  inhabitants  (if  any)  will  expe- 
rience a  greater  difference  in  the  intensity  of 
the  solar  light  which  falls  upon  them  in  dif- 
ferent periods  of  its  year,  than  there  is  be- 
tween Venus  and  the  earth,  or  between  the 
earth  and  Mars.  On  the  other  hand,  the 
eccentricity  of  the  orbits  of  the  older  planets 
is  comparatively  small.  The  eccentricity  of 
the  orbit  of  Venus  is  less  than  half  a  million 
of  miles,  which  is  only  the  1-274  part  of  the 
transverse  diameter  of  its  orbit.  The  Earth's 
eccentricity  is  1,618,000  miles,  or  the  1-119 
part;  Jupiter's,  1-43  part;  Saturn's,  1-38 
part;  and  that  of  Uranus,  about  1-43  part: 
whereas  the  eccentricities  of  Pallas  and  Juno 
amount  to  nearly  one  eighth  part  of  the  trans- 
verse axes  of  their  orbits.  Were  the  orbits 
of  the  old  planets  represented  by  figures  ten 
times  larger  than  the  above  diagram,  they 
could  not  be  distinguished  from  circles.  In 
the  above  figure,  the  dotted  line  G  H  is  the 
conjugate  or  shorter  diameter  of  the  ellipse , 
When  the  planet  is  at  the  points  G  and  H,  it 
is  said  to  be  at  its  mean  distance  from  the 
sun,  or  at  the  middle  point  between  its  greatest 
and  its  least  distance. 

3.  The  orbits  of  several  of  the  new  planets 
cross  each  other. — This  is  a  very  singular  and 
unaccountable  circumstance  in  regard  to  the 
planetary  orbits.  It  had  been  long  observed 
that  comets,  in  traversing  the  heavens  in  every 
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direction,  crossed  the  orbits  of  the  planets ; 
but,  before  the  discovery  of  Pallas,  no  such 
anomaly  wa«  found  throughout  the  system  of 
the  planets.  For  the  orbits  of  all  the  other 
planets  approach  so  nearly  to  circles,  and  are 
separated  from  each  other  by  so  many  millions 
of  miles,  that  there  is  no  possibility  of  such 
intersection  taking  place.  The  following 
diagram  represents  the  intersection  of  the 
orbits  of  Ceres  and  Pallas. 

Fig.  48. 


The  central  circle  represents  the  sun  ;  the 
two  next  circles  the  orbits  of  the  earth  and 
Mars  :  and  the  two  outer  circles,  crossing  each 
other,  those  of  Ceres  and  Pallas.  In  conse- 
quence of  this  intersection  of  their  orbits,  there 
is  ^possibility,  especially  if  the  periods  of  their 
revolutions  were  somewhat  more  different 
from  each  other,  that  the  two  planets  might 
happen  to  strike  against  each  other  were  they 
to  meet  at  the  points  A  and  B,  where  the  or- 
bits intersect,  a  very  singular  contingence  in 
the  planetary  system.  It  is  owing  to  the  very 
great  eccentricity  of  the  orbit  of  Pallas  that  it 
crosses  the  orbit  of  Ceres.  It  is  several  mil- 
lions of  miles  nearer  the  sun  in  its  perihelion 
(or  at  A,  Fig.  47,)  than  Ceres,  when  in  the 
same  point  of  its  orbit.  But  when  Pallas  is 
in  its  aphelion  (or  at  B,  Fig.  47,  )  its  distance 
from  the  sun  is  several  millions  of  miles 
greater  than  that  of  Ceres  in  the  same  point 
of  its  orbit.  Suppose  its  aphelion  at  C,  Fig. 
i8  ;  it  is  further  from  the  sun  than  Ceres,  and 
nearer  at  D  its  perihelion.  The  same  things 
happen  in  the  case  of  the  other  two  planets, 
particularly  Vesta.  Juno  is  further  from  the 
sun  at  its  aphelion  than  Ceres  in  the  same 
point  of  its  orbit,  and  Vesta  is  further  from  the 
sun  in  its  aphelion  than  either  Juno,  Ceres, 
or  Pallas  in  their  perihelions.  The  perihelion 
distance  of  Vesta  is  greater  than  that  of  Juno 
or  Pallas.  Hence  it  follows  that  Vesta  may 


sometimes  be  at  a  greater  distance  from  the 
sun,  than  either  Juno,  Ceres,  or  Pallas,  al- 
though its  mean  distance  is  less  than  that  of 
either  of  them  by  twenty-eight  millions  of 
miles  ;  so  that  the  orbit  of  Vesta  crosses  the 
orbits  of  all  the  other  three,  and  therefortfit  ts 
a  possible  circumstance  that  a  collision  might 
take  place  between  Vesta  and  any  of  these 
three  planets,  were  they  ever  to  meet  at  the 
intersection  of  their  orbits.  Were  such  an 
event  to  happen,  it  is  easy  to  foresee  the  ca- 
tastrophe that  would  take  place.  If  the  colli- 
sion of  two  large  ships,  sailing  at  the  rate  of 
ten  miles  an  hour,  be  so  dreadful  as  to  shatter 
their  whole  frame  and  sink  them  in  the 
deep,  what  a  tremendous  shock  would  be 
encountered  by  the  impulse  of  a  ponderous 
globe,  moving  at  the  rate  of  forty  thousand 
miles  an  hour  ?  A  universal  disruption  of  their 
parts  and  a  derangement  of  their  whole  con- 
stitution would  immediately  ensue  ;  their  axes 
of  rotation  would  be  changed ;  their  courses 
in  their  orbits  altered ;  fragments  of  their 
substance  tossed  about  through  the  surround- 
ing void,  and  the  heavens  above  would  appear 
to  run  into  confusion.  Though  we  can- 
not affirm  that  such  an  event  is  impossible  or 
will  never  happen,  yet  we  are  sure  it  can 
never  take  place  without  the  permission  and 
appointment  of  Him  who  at  first  set  these 
bodies  in  motion,  and  who  superintends  both 
the  greatest  and  the  most  minute  movements 
of  the  universe. 

4.  Another  peculiarity  in  respect  to  these 
planets  is,  that  they  revolve  nearly  at  the  same 
mean  distances  from  the  sun.     The  mean 
distance  of  Juno  is  254  millions   of  miles ; 
that  of  Ceres,  262,903,000  ;  and  that  of  Pal- 
las, 262,901,000,  which  is  almost  the  same  as 
Ceres.     This  is  a  very  different  arrangement 
from  that  of  the  other  planets,  whose  mean 
distances  are  immensely  different  from  each 
other ;    Mars    being    50    millions    of    miles 
from  the  orbit  of  the  earth,   and  80  millions 
from  the   orbits  of  any  of  the  new  planets; 
Jupiter,  270   millions   from  Pallas;   Saturn, 
412  millions  from  Jupiter ;  and  Uranus,  900 
millions  from  Saturn.     Except  in  the  case  of 
the  new  planets,  the  planetary  system  appears 
constructed  on  the  most  ample  and  magnifi- 
cent  scale,    corresponding   to   the   unlimited 
range  of  infinite  space   of  which  it  forms  a 
part. 

5.  These   new   planetary  bodies  perform 
their  revolutions  in  nearly  the  same  periods. 
The  period  of  Vesta  is  three  years,  7£  months ; 
that  of  Juno,  4  years,  4£  months ;  of  Ceres,  4 
years,  7  3  months ;  and  of  Pallas,  4  years,  7£ 
months.     So  that  there  are  onlv  three  months 
of  difference  between  the  periods  of  Juno  and 
Ceres,  and  scarcely  the  difference  of  a  single 
day   between    those   of    Ceres   and    Pallas; 
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whereas  the  periods  of  the  other  planets  dif- 
fer as  greatly  as  their  distances.  The  period 
of  Mercury  is  about  3  months;  of  Venus,  7^ 
months;  of  Mars,  nearly  2  years;  of  Jupiter, 
12  years;  of  Saturn,  29^;  and  of  Uranus, 
nearly  84  years.  A  planet  moving  round  the 
sun  in  almost  the  same  period  and  at  the 
same  distance  as  another,  is  a  singular  ano- 
maly in  the  solar  system,  and  could  scarcely 
have  been  surmised  by  former  astronomers. 

6.  Another  singularity  is,  that  these  bodies 
ere  all  much  smaller  than  the  other  planets. 
Mercury  was  long  considered  as  the  smallest 
primary  planet  in  the  system,  but  it  is  nearly 
four  times  larger  in  surface  than  Ceres,  and 
contains  eight  times  the  number  of  solid  miles. 
Mars,  the  next  smallest  planet,  is  seventeen 
times  larger  than  Ceres;  and  Jupiter,  the 
largest  of  the  planets,  is  170,000  times  larger 
than  Ceres,  when  their  cubical  contents  are 
compared.  The  planets  Vesta  and  Juno  are 
smaller  than  Ceres,  and  Pallas  is  only  a  small 
degree  larger.  It  is  probable  that  all  these 
four  bodies  are  less  in  size  than  the  secondary 
planets,  or  the  satellites  of  Jupiter,  Saturn, 
and  Uranus. 

Conclusions  respecting  the  Nature  of  the 
New  Planets. — The  anomalies  and  peculiari- 
ties of  these  bodies,  so  very  different  from  the 
order  and  arrangement  of  the  older  planets, 
open  a  wide  field  for  reflection  and  specula- 
tion. Having  been  accustomed  to  survey  the 
planetary  system  as  a  scene  of  proportion, 
harmony,  and  order,  we  can  scarcely  admit 
that  these  bodies  move  in  the  same  paths, 
and  are  arranged  in  the  same  order  as  when 
the  system  was  originally  constructed  by  its 
Omnipotent  Contriver.  As  we  know  that 
changes  have  taken  place  in  our  sublunary 
region  since  our  globe  first  came  from  the 
hands  of  its  creator,  so  it  is  not  contrary 
either  to  reason  or  observation  to  suppose 
that  changes  and  revolutions,  even  on  an  am- 
ple scale,  may  take  place  among  the  celestial 
orbs.  We  have  no  reason  to  believe  in  the 
"  incorruptibility"  of  the  heavenly  orbs,  as  the 
ancients  imagined,  for  the  planets  are  demon- 
strated to  be  opaque  globes  as  well  as  the 
earth ;  they  are  diversified  with  mountains 
and  vales,  and,  in  all  probability,  the*  materials 
which  compose  their  surfaces  and  interior  are 
not  very  different  from  the  substances  which 
constitute  the  component  parts  of  the  earth. 
I  have  already  alluded  to  the  opinion  of  Dr. 
Gibers,  that  the  new  planets  are  only  the  frag- 
ments of  a  larger  planet  which  had  been  burst 
asunder  by  some  immense  irruptive  force  pro- 
ceeding from  its  interior  parts.  However 
strange  this  opinion  may  at  first  sight  appear,  it 
ought  not  to  be  considered  as  either  very  im- 
probable or  extravagant  We  all  profess  to 
admit,  on  the  authority  of  Revelation,  that  the 
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earth  was  arranged  in  perfect  order  and  beauty 
at  its  first  creation ;  and  on  the  same  authority 
we  believe  that  its  exterior  crust  was  disrupted 
that  "  the  cataracts  of  heaven  were  opened, 
and  the  fountains  of  the  great  deep  broken 
up,"  and  that  a  flood  of  waters  ensued  which 
covered  the  tops  of  the  loftiest  mountains, 
which  transformed  the  earth  into  one  bound- 
less ocean,  and  buried  the  immense  myriads 
of  its  population  in  a  watery  grave.  This 
was  a  catastrophe  as  tremendous  and  astonish- 
ing as  the  bursting  asunder  of  a  large  planet. 
Although  physical  agents  may  have  been  em- 
ployed in  either  case  to  produce  the  effect,  yet 
we  must  admit,  in  consistency  with  the  Divine 
perfections,  that  no  such  events  could  take 
place  without  the  direction  and  control  of  the 
Almighty,  and  that,  when  they  do  happen, 
whatever  appalling  or  disastrous  effects  they 
may  produce,  they  are  in  perfect  consistency 
with  the  moral  laws  by  which  his  universal 
government  is  directed. 

We  know  that  a  moral  revolution  has  taken 
place  among  the  human  race  since  man  was 
created,  and  that  this  revolution  is  connected 
with  most  of  the  physical  changes  that  have 
happened  in  the  constitution  of  our  globe ;  and, 
if  we  believe  the  sacred  historian,  we  must  ad- 
mit that  the  most  prominent  of  these  physical 
changes  or  concussions  was  the  consequence 
or  punishment  of  man's  alienation  from  God 
and  violation  of  his  laws.  As  the  principles 
of  the  Divine  government  must  be  essentially 
the  same  throughout  every  part  of  the  bound- 
less empire  of  the  Almighty,  what  should 
hinder  us  from  concluding  that  a  moral  cause, 
similar  to  that  which  led  to  the  physical  con- 
vulsions of  our  globe,  may  have  operated  in 
the  regions  to  which  we  allude,  to  induce  the 
Governor  of  the  universe  to  undermine  the 
constitution,  and  to  dash  in  pieces  the  fabric  of 
that  world  ]  The  difference  is  not  great  be- 
tween bursting  a  planet  into  a  number  of 
fragments  and  cleaving  the  solid  crust  of  the 
earth  asunder,  removing  rocks  and  mountains 
out  of  their  place,  and  raising  the  bed  of  the 
ocean  from  the  lowest  abyss,  so  as  to  form  a 
portion  of  elevated  land ;  all  which  changes 
appear  to  have  been  effected  in  the  by-past 
revolutions  of  our  globe,  and  both  events  are 
equally  within  the  power  and  the  control  of 
Him  "  who  rules  in  the  armies  of  heaven 
and  among  the  inhabitants  of  the  earth," 
whatever  physical  agents  he  may  choose  to 
select  for  the  accomplishment  of  his  purposes. 
In  the  course  of  the  astronomical  discoveries 
of  the  two  preceding  centuries,  views  of  the 
universe  have  been  laid  open  which  have 
tended  to  enlarge  our  conceptions  of  the  at- 
tributes of  the  Deity,  and  of  the  magnificence 
of  that  universe  over  which  he  presides :  and 
who  knows  but  that  the  discovery  of  those 
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new  planets  described  above,  and  the  singular 
circumstances  in  which  they  are  found,  are  in- 
tended to  open  to  our  view  a  new  scene  of 
the  physical  operations  of  the  Creator,  and  a 
new  display  of  the  operations  of  his  moral 
government  1  For  all  the  manifestations  of 
God  in  his  works  are  doubtless  intended  to 
produce  on  the  mind  not  only  an  intellectual, 
but  also  a  moral  effect ;  and  in  this  view  the 
heavens  ought  to  be  contemplated  with  as 
much  reverence  as  the  revelations  of  his 
word.  As  the  great  Sovereign  of  the  universe 
is  described  by  the  inspired  writers  as  being 
the  "  King  Eternal  and  Invisible"  so  we  can 
trace  his  perfections  and  the  character  of  his 
moral  government  only,  or  chiefly,  through  the 
medium  of  those  displays  he  gives  of  himself 
in  his  wonderful  operations  both  in  heaven 
and  on  earth.  And  since  in  the  course  of  his 
providence,  he  has  crowned  with  success  the 
inventive  genius  of  man,  and  led  him  on  to 
make  the  most  noble  discoveries  in  reference 
to  the  amplitude  and  grandeur  of  his  works, 
we  have  every  reason  to  conclude  that  such 
inventions  and  such  discoveries,  both  in  the 
minute  parts  of  creation  and  in  the  boundless 
sphere  of  the  heavens,  are  intended  to  carry 
forward  the  human  mind  to  more  expansive 
views  of  his  infinite  attributes,  of  the  magni- 
ficence of  his  empire,  and  of  the  moral  eco- 
nomy of  the  government  which  he  has 
established  throughout  the  universe. 

The  hypothesis  of  the  bursting  of  a  large 
planet  between  Mars  and  Jupiter  accounts  in 
a  great  measure,  if  not  entirely,  for  the  ano- 
malies and  apparent  irregularities  which  have 
been  observed  in  the  system  of  the  new  pla- 
nets ;  and  if  this  supposition  be  not  admitted, 
we  cannot  account,  on  any  principle  yet  dis- 
covered, for  the  singular  phenomena  which 
these  planets  exhibit.  Sir  David  Brewster, 
who  has  entered  into  some  particular  discus- 
sions on  this  subject,  after  stating  the  remarka- 
ble coincidences  between  this  hypothesis  and 
actual  observation,  concludes  in  the  following 
words  :  "  These  singular  resemblances  in  the 
motions  of  the  greater  fragments  and  in  those 
of  the  lesser  fragments,  and  the  striking  co- 
incidence between  theory  and  observation  in 
the  eccentricity  of  their  orbits,  in  their  inclina- 
tion to  the  ecliptic,  in  the  position  of  their 
nodes,  and  in  the  places  of  their  aphelia,  are 
phenomena  which  could  not  possibly  result 
from  chance,  and  which  concur  to  prove,  with 
an  evidence  amounting  almost  to  demonstra- 
tion, that  the  four  new  planets  have  diverged 
from  one  common  node,  and  have  therefore 
composed  a  single  planet." 

Another  species  of  phenomena,  on  which  a 
great  mystery  still  hangs,  might  be  partly  elu- 
cidated wore  the  above  hypothesis  admitted, 
and  that  is  the  singular  but  not  well-attested 


fact  of  large  masses  of  solid  matter  falling  from 
the  higher  regions  of  the  atmosphere,  or  what 
are  termed  meteoric  stones.  Few  things  have 
puzzled  philosophers  more  than  to  account  for 
large  fragments  of  compact  rocks  proceeding 
from  regions  beyond  the  clouds,  and  falling 
to  the  earth  with  great  velocity.  These  stones 
sometimes  fall  during  a  cloudy,  and  sometimes 
during  a  clear  and  serene  atmosphere ;  they 
are  sometimes  accompanied  with  explosions, 
and  sometimes  not.  The  following  state- 
ments, selected  from  respectable  authorities, 
will  convey  some  idea  of  the  phenomena 
peculiar  to  these  bodies.  The  first  descrip- 
tion I  shall  select  is  given  by  J.  L.  Lyons, 
Esq.,  F.R.S.,  and  contained  in  the  "  Transac- 
tions of  the  Royal  Society."  It  is  entitled, 
"  Account  of  the  Explosion  of  a  Meteor,  near 
Benares,  in  the  East  Indies,  and  of  the  falling 
of  some  Stones  at  the  same  time."  The  fol- 
lowing are  only  the  leading  particulars.  "  A 
circumstance  of  so  extraordinary  a  nature  as 
the  fall  of  stones  from  the  heavens  could  not 
fail  to  excite  the  wonder  and  to  attract  the 
attention  of  every  inquisitive  mind.  On  the 
19th  of  December,  1798,  about  eight  o'clock 
in  the  evening,  a  very  luminous  meteor  was 
observed  in  the  heavens  by  the  inhabitants  of 
Benares  and  the  part  adjacent,  in  the  form 
of  a  large  ball  of  fire ;  it  was  accompanied  by 
a  loud  noise  resembling  thunder,  and  a  num- 
ber of  stones  fell  from  it  about  fourteen  miles 
from  the  city  of  Benares.  It  was  observed  by 
several  Europeans,  as  well  as  natives,  in  dif- 
ferent parts  of  the  country.  It  was  likewise 
very  distinctly  observed  by  several  European 
gentlemen  and  ladies,  who  described  it  as  a 
large  ball  of  fire,  accompanied  with  a  loud 
rumbling  noise  not  unlike  an  ill-discharged 
platoon  of  musketry.  It  was  also  seen  and 
the  noise  heard  by  several  persons  at  Benares. 
When  a  messenger  was  sent  next  day  to  the 
village  near  which  they  had  fallen,  he  was 
told  that  the  natives  had  either  broken  the 
stones  to  pieces,  or  given  them  to  the  native 
collector  or  others.  Being  directed  to  the 
spot  where  they  fell,  he  found  four,  most  of 
which  the  fall  had  buried  six  inches  deep  in 
the  earth.  He  learned  from  the  inhabitants 
that,  about  eight  o'clock  in  the  evening,  when 
retired  to  their  habitations,  they  observed  a 
very  bright  light,  proceeding  as  from  the  sky, 
accompanied  with  a  loud  clap  of  thunder, 
which  was  immediately  followed  by  the  noise 
of  heavy  bodies  falling  in  the  vicinity.  They 
did  not  venture  out  to  make  any  inquiries  till 
next  morning,  when  the  first  circumstance 
that  attracted  their  attention  was  the  appear- 
ance of  the  earth  being  turned  up  in  several 
parts  of  their  fields,  where,  on  examination, 
they  found  the  stones.  Several  other  stones 
of  the  same  description  were  afterward  found 
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by  different  persons.  One  of  these  stones,  of 
about  two  pounds'  weight,  fell  through  the  top 
of  the  watchman's  hut,  close  to  which  he  was 
standing,  and  buried  itself  several  inches  in 
the  floor,  which  was  of  consolidated  earth. 
The  form  of  the  more  perfect  stones  appeared 
to  be  that  of  an  irregular  cube,  rounded  off  at 
the  edges,  but  the  angles  were  to  be  observed 
on  most  of  them.  At  the  time  when  the 
meteor  appeared  the  sky  was  perfectly  serene ; 
not  the  smallest  vestige  of  a  cloud  had  been 
seen  since  the  llth  of  the  month,  nor  were 
any  observed  for  many  days  after.  It  is  well 
known  there  are  no  volcanoes  on  the  conti- 
nent of  India,  and  therefore  they  could  not 
derive  their  origin  from  any  such  source ;  and 
no  stones  have  been  met  with  in  the  earth,  in 
that  part  of  the  world,  which  bear  the  smallest 
resemblance  to  those  now  described." 

On  the  13th  of  December,  1795,  a  stone 
weighing  fifty-six  pounds  fell  near  Wold  cot- 
tage, in  Yorkshire,  at  three  o'clock,  p.  M.  It 
penetrated  through  twelve  inches  of  soil  and 
six  inches  of  solid  chalk  rock,  and,  in  burying 
itself,  had  thrown  up  an  immense  quantity  of 
earth  to  a  great  distance ;  as  it  fell,  a  number 
of  explosions  were  heard  as  loud  as  pistols. 
In  the  adjacent  villages  the  sound  was  heard 
as  of  great  guns  at  sea ;  but  at  two  adjoining 
villages  the  sounds  were  so  distinct  of  some- 
thing passing  through  the  air  to  the  residence 
of  Mr.  Topham,  that  five  or  six  people  came 
up  to  see  if  any  thing  extraordinary  had  hap- 
pened at  his  house.  When  the  stone  was 
extracted,  it  was  warm,  smoked,  and  smelt 
very  strong  of  sulphur.  The  day  was  mild 
and  hazy,  but  there  was  no  thunder  nor  light- 
ning the  whole  day.  No  such  stone  is  known 
in  the  country,  and  there  is  no  volcano  nearer 
than  Vesuvius  or  Hecla.  The  constituent 
parts  of  this  stone  were  found  exactly  the 
same  as  those  of  the  stones  from  Benares.* 

On  the  26th  of  April,  1803,  an  extraordinary 
shower  of  stones  happened  at  L'Aigle,  in  Nor- 
mandy. About  one  o'clock,  the  sky  being 
almost  serene,  a  rolling  noise  like  that  of 
thunder  was  heard,  and  a  fiery  globe  of  un- 
common splendour  was  seen,  which  moved 
through  the  atmosphere  with  great  rapidity. 
Some  moments  after  there  was  heard  at 
L'Aigle,  and  for  thirty  leagues  round  in  every 
direction,  a  violent  explosion,  which  lasted 
five  or  six  minutes ;  after  which  was  heard  a 
dreadful  rumbling  like  the  beating  of  a  drum. 
In  the  whole  district  there  was  heard  a  hissing 
noise  like  that  of  a  stone  discharged  from  a 
sling,  and  a  great  many  mineral  masses,  ex- 
actly similar  to  those  distinguished  by  the 
name  of  meteor  stones,  were  seen  to  fall. 

*  See  a  lone  paper  on  this  subject,  by  E.  How- 
ard, Esq.,  F.R^.8.,  in  "  Transactions  of  the  Royal 
Society  of  London"  for  1802. 
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The  largest  of  these  stones  weighed  seventeen 
pounds  and  a  half.  The  Vicar  of  St.  Michael's 
observed  one  of  the  stones  fall  with  a  hissing 
noise  at  the  feet  of  his  niece  in  the  courtyard 
of  his  parsonage,  and  that  it  rebounded  more 
than  a  foot  from  the  pavement.  When  it 
was  taken  up  and  examined,  it  was  found  to 
resemble  the  others  in  every  respect.  As  a 
wire  manufacturer  was  working  with  his  men 
in  the  open  air,  a  stone  grazed  his  arm  and 
fell  at  his  feet,  but  it  was  so  hot  that,  on 
attempting  to  take  it  up,  he  instantly  let  it 
fall  again.  The  celebrated  Biot  was  deputed 
by  government  to  repair  to  the  spot  and  col- 
lect all  the  authentic  facts  in  relation  to  this 
phenomenon,  an  account  of  which  was  after- 
ward published  in  a  long  memoir.  He  found 
that  almost  all  the  residents  of  twenty  hamlets 
declared  that  they  were  eyewitnesses  of  the 
shower  of  stones  which  was  darted  from  the 
meteor.  The  interior  parts  of  these  stone  re- 
sembled those  of  all  the  meteorites  analyzed 
by  Messrs.  Howard  and  Vanquelin,  such  as 
those  described  above.  They  all  contain  silica, 
magnesia,  oxyd  of  iron,  nickel,  and  sulphur, 
in  various  proportions.  Their  specific  gravity 
is  about  three  and  one-third  or  three  and  one- 
half  times  heavier  than  water. 

The  following  are  a  few  brief  statements  in 
relation  to  this  subject.  In  1492,  November 
7,  a  stone  of  260  lib.  fell  at  Ensisheim,  in 
Alsace.  It  is  now  in  the  library  of  Colmar, 
and  has  been  reduced  to  150  lib.,  in  conse- 
quence of  the  abstraction  of  fragments.  The 
famous  Gassendi  relates  that  a  stone  of  a 
black  metallic  colour  fell  on  Mount  Vaision, 
in  Provence,  November  29, 1637.  It  weighed 
54  lib.,  and  had  the  size  and  shape  of  the 
human  head.  Its  specific  gravity  was  three 
and  one-half  times  that  of  water.  1654, 
March  30  :  A  small  stone  fell  at  Milan  and 
killed  a  Franciscan.  1706,  June  7 :  A  stone 
of  72  lib.  fell  at  Larissa,  in  Macedonia ;  it 
smelled  of  sulphur,  and  was  like  the  scum  of 
iron.  1751,  May  26:  Two  masses  of  iron, 
of  71  lib.  and  16  lib.,  fell  in  the  district  of 
Agram,  the  capital  of  Croatia.  The  largest 
of  these  is  now  in  Vienna.  1790,  July  24  : 
A  great  shower  of  stones  fell  at  Barbotan, 
near  Roquefort,  in  the  vicinity  of  Bourdeaux. 
A  mass,  fifteen  inches  in  diameter,  penetrated 
a  hut  and  killed  a  herdsman  and  a  bullock. 
Some  of  the  stones  weighed  25  lib.,  and  others 
30  lib.  July,  1810:  A  large  ball  of  fire  fell 
from  the  clouds  at  Shahabad,  which  burned 
five  villages,  destroyed  the  crops,  and  killed 
several  men  and  women.  November  23, 
1810:  Three  stones  fell  in  the  commune  of 
Charionville  and  neighbourhood  of  Orleans. 
These  stones  were  precipitated  perpendicu- 
larly, and  without  the  appearance  of  any  light 
or  ball  of  fire.  One  of  them  weighed  20  lib., 
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and  made  a  hole  in  the  ground  in  a  perpen- 
dicular direction,  driving  up  the  earth  to  the 
height  of  eight  or  ten  feet.  It  was  taken  out 
half  an  hour  after,  when  it  was  still  so  hot 
that  it  could  scarcely  be  held  in  the  hand. 
The  second  formed  a  hole  three  feet  deep, 
and  weighed  40  lib.  1812,  April  15 :  A  stone, 
the  size  of  a  child's  head,  fell  at  Erxleben,  and 
a  specimen  of  it  is  in  the  possession  of  Pro- 
fessor Haussmann,  of  Brunswick.  1814,  Sep- 
tember 1 :  A  few  minutes  before  midday, 
while  the  sky  was  perfectly  serene,  a  violent 
detonation  was  heard  in  the  department  of 
the  Lot  and  Garonne.  This  was  followed  by 
three  or  four  others,  and  finally  by  a  rolling 
noise  at  first  resembling  a  discharge  of  mus- 
ketry, afterward  the  rumbling  of  carriages,  and, 
lastly,  that  of  a  large  building  falling  down. 
Stones  were  immediately  after  precipitated  to 
the  ground,  some  of  which  weighed  18  lib., 
and  sunk  into  a  compact  soil  to  the  depth  of 
eight  or  nine  inches,  and  one  of  them  re- 
bounded three  or  four  feet  from  the  ground. 
1818,  July  29,  O.  S. :  A  stone  of  7  lib.  weight 
fell  at  the  village  of  Slobodka,  in  Russia,  and 
penetrated  nearly  sixteen  inches  into  the 
ground.  It  had  a  brown  crust  with  metallic 
spots.  In  1825,  February  10 :  A  meteoric 
stone,  weighing  16  lib.  7  oz.,  fell  from  the  air 
at  Nanjemoy,  Maryland.  It  was  taken  from 
the  ground  about  half  an  hour  after  its  fall, 
was  sensibly  warm,  and  had  a  sulphureous 
smell. 

Several  hundreds  of  instances  similar  to  the 
above  might  be  produced  of  large  masses  of 
stones  having  fallen  from  the  upper  regions 
upon  the  earth.*  These  stones,  although 
they  have  not  the  smallest  analogy  with  any 
of  the  mineral  substances  already  known, 
either  of  a  volcanic  or  any  other  nature,  have 
a  very  peculiar  and  striking  analogy  with  each 
other.  They  have  been  found  at  places  very 
remote  from  each  other,  and  at  very  distant 
periods.  The  mineralogists  who  have  ex- 
amined them  agree  that  they  have  no  resem- 
blance to  mineral  substances,  properly  so 
called,  nor  have  they  been  described  by 
mineralogical  authors.  They  have,  in  short, 
a  peculiar  aspect,  and  peculiar  characters 
which  belong  to  no  native  rocks  or  stones 
with  which  we  are  acquainted.  They  appear 
to  have  fallen  from  various  points  of  the 
heavens,  at  all  periods,  in  all  seasons  of  the 
year,  at  all  hours  both  of  the  day  and  night, 
in  all  countries  in  the  world,  on  mountains 
and  on  plains,  and  in  places  the  most  remote 
from  any  volcano.  The  luminous  meteor 

*  For  more  particular  details  on  this  subject, 
the  reader  may  consult  "The  Edinburgh  Encyclo- 
paedia," art.  Meteorite.  The  "Edin.  Phil  Jour- 
nal," No.  2,  p.  221-255.  "Phil.  Magazine,"  vol. 
xiii.  "  Retrospect  of  Philosophical  Discoveries," 
1805,  vol.  i.  p.  201-210,  &c.  &c. 


which  generally  precedes  their  fall  is  carried 
along  in  no  fixed  or  invariable  direction ;  and 
as  their  descent  usually  takes  place  in  a  calm 
and  serene  sky,  and  frequently  in  cloudless 
weather,  their  origin  cannot  be  traced  to  the 
causes  which  operate  in  the  production  of 
rain,  thunder-storms,  or  tornadoes. 

From  a  consideration  of  these  and  many 
other  circumstances,  it  appears  highly  pro- 
bable, if  not  absolutely  certain,  that  these  sub- 
stances proceed  from  regions  far  beyond  the 
limits  of  our  globe.  That  such  solid  sub- 
stances, in  large  masses,  could  be  generated 
in  the  higher  regions  of  the  atmosphere,  is  an 
opinion  altogether  untenable,  and  is  now 
generally  discarded,  even  by  most  of  those 
philosophers  who  formerly  gave  it  their  sup- 
port. That  they  have  been  projected  from 
volcanoes  is  a  hypothesis  equally  destitute  of 
support ;  for  the  products  of  volcanoes  are 
never  found  at  any  great  distance  from  the 
scene  of  their  formation,  and  the  substances 
they  throw  out  are  altogether  different  in  their 
aspect  and  composition  from  meteoric  stones. 
Besides,  these  stones,  in  most  instances,  have 
descended  to  the  earth  in  places  removed 
hundreds,  or  even  thousands  of  miles  from 
any  volcanic  mountain,  and  at  times  when  no 
remarkable  eruption  was  known  to  take  place. 
Perceiving  no  probability  of  their  having  their 
origin  either  in  the  earth  or  the  atmosphere, 
Dr.  Hutton,  Poisson,  La  Place,  and  others, 
conjectured  that  they  were  projected  from  the 
moon.  They  demonstrated  the  abstract  pro- 
position, that  a  heavy  body  projected  with  a 
velocity  of  six  thousand  feet  in  a  second  may 
be  carried  beyond  the  sphere  of  the  moon's 
attraction,  and  come  within  the  attraction  of 
the  earth.  But  it  has  never  yet  been  proved 
that  volcanoes  exist  on  the  surface  of  the 
moon ;  and,  although  they  did  exist,  and  were 
as  large  and  powerful  as  terrestrial  volcanoes, 
they  would  have  no  force  sufficient  to  carry 
large  masses  of  stone  with  such  a  rapid  velo- 
city over  a  pace  of  several  thousands  of  miles. 
Besides,  were  the  moon  the  source  of  meteoric 
stones,  ejected  from  the  craters  of  volcanoes, 
we  should  expect  such  volcanic  productions 
to  exhibit  several  varieties  of  aspect  and  com- 
position, and  not  the  precise  number  of  in- 
gredients which  are  always  found  in  meteoric 
stones.  From  a  consideration  of  the  difficul- 
ties attending  this  hypothesis,  La  Place  was 
afterward  induced  to  change  his  opinion. 

In  order  to  trace  the  origin  of  meteoric 
stones,  we  are  therefore  under  the  necessity 
of  directing  our  views  to  regions  far  beyond 
the  orbit  of  the  moon.  On  the  supposition 
that  the  bursting  of  a  large  planet  was  the 
origin  of  the  small  planets  Vesta,  Juno,  Ceres, 
and  Pallas,  we  may  trace  a  source  whence 
meteoric  stones  probably  originate.  "  When 
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the  cohesion  of  the  planet  was  overcome  by 
the  action  of  the  explosive  force,  a  number 
of  little  fragments,  detached  along  with  the 
greater  masses,  would,  on  account  of  their 
smallness,  be  projected  with  very  great  velo- 
city ;  and,  being  thrown  beyond  the  attraction 
of  the  greater  fragments,  might  fall  towards 
the  earth  when  Mars  happened  to  be  in  the 
remote  part  of  his  orbit  When  the  portions 
which  are  thus  detached  arrive  within  the 
sphere  of  the  earth's  attraction,  they  may  re- 
volve round  that  body  at  different  distances, 
and  may  fall  upon  its  surface,  in  consequence 
of  a  diminution  of  their  centrifugal  force  ;  or, 
being  struck  by  the  electric  fluid,  they  may 
be  precipitated  upon  the  earth,  and  exhibit  all 
those  phenomena  which  usually  accompany 
the  descent  of  meteoric  stones."  This  opinion 
appears  to  have  been  first  broached  by  Sir 
David  Brewster,  and  is  stated  and  illustrated 
in  the  "Edinburgh  Encyclopaedia,"  article 
Astronomy,  and  in  vol.  ii.  of  his  edition  of 
"  Ferguson's  Astronomy."  Though  not  un- 
attended with  difficulties,  it  is  perhaps  the 
most  plausible  hypothesis  which  has  yet  been 
formed  to  account  for  the  extraordinary  phe- 
nomena of  heavy  substances  falling  with  velo- 
city upon  the  earth  through  the  higher  regions 
of  the  atmosphere. 

On  this  subject  I  would  consider  it  as  pre- 
mature to  hazard  any  decisive  opinions.  I 
have  laid  down  the  above  facts  before  the 
reader  that  he  may  be  enabled  to  exercise  his 
own  judgment  and  form  his  own  conclusion. 
I  have  stated  them  particularly  with  this  view, 
that  they  may  afford  a  subject  of  investigation 
and  reflection.  For  all  the  works  and  dispen- 
sations of  the  Almighty,  both  in  the  physical 
and  moral  world,  are  worthy  of  our  contem- 
plation and  research,  and  may  ultimately  lead 
both  to  important  discoveries  and  to  moral  in- 
struction. Though  "  the  ways  of  God"  are, 
in  many  instances,  "  past  finding  out,"  yet  it 
is  our  duty  to  investigate  them  so  far  as  our 
knowledge  and  limited  powers  will  permit. 
For  as  we  are  told,  on  the  highest  authority, 
that  "  the  works  of  the  Lord  are  great  and 
marvellous,"  so  it  is  declared  that  "  they  will 
be  sought  out"  or  investigated  "  by  all  those 
who  have  pleasure  therein."  There  is,  per- 
haps, no  fact  throughout  the  universe,  how- 
ever minute  in  itself,  or  however  distant  from 
the  scene  we  occupy,  but  is  calculated,  when 
properly  considered,  to  convey  to  the  mind  an 
impression  of  the  character  of  the  Deity  and 
of  the  principles  of  his  moral  government. 
The  more  philosopher  may  content  himself 
with  the  application  of  the  principles  of  chy- 
roistry  and  mathematics  to  the  phenomena  of 
matter  and  motion ;  and  it  is  highly  proper 
and  necessary  that  both  chymical  and  mathe- 
matical analysis  be  applied  for  the  investiga- 
te) 


tion  of  the  laws  and  order  of  the  material 
universe ;  but  the  man  who  recognizes  the 
principles  of  Divine  Revelation  will  rise  to 
still  higher  views.  From  nature  he  will 
ascend  to  nature's  God,  and  trace  the  invisible 
perfections  of  the  Eternal  from  the  visible 
scene  of  his  works ;  and,  from  his  physical 
operations,  will  endeavour  to  learn  something 
of  the  order  and  economy  of  his  moral  ad- 
ministration. 

If  there  be  any  foundation  for  the  hypothe- 
sis to  which  we  have  adverted,  it  might  be  a 
question  and  a  subject  of  consideration  at 
what  period  the  disruption  of  the  supposed 
planet  may  have  taken  place.  If  the  history 
of  the  fall  of  meteoric  stones  would  be  con- 
sidered as  throwing  any  light  on  this  question, 
it  will  follow  that  such  an  event  must  have 
taken  place  at  a  very  distant  period :  for  the 
descent  of  such  stones  can  be  traced  back  to 
periods  more  than  a  thousand  years  before  the 
commencement  of  the  Christian  era ;  perhaps 
even  to  the  days  of  Joshua,  when  a  shower 
of  stones  destroyed  the  enemies  of  Israel,* 
which  would  lead  us  to  conclude  that  more 
than  three  thousand  years  must  have  elapsed 
since  such  an  event.  It  might  likewise  be  a 
subject  of  inquiry,  why  the  Deity  has  exposed 
the  earth  to  the  impulse  of  such  ethereal 
agents ;  for  the  fall  of  meteoric  stones  is  evi- 
dently attended  with  imminent  danger  to  the 
inhabitants  of  those  places  on  which  they  fall. 
The  velocity  and  impetus  with  which  they 
descend  are  sufficient  to  cause  instant  death 
to  those  whom  they  happen  to  strike,  and  even 
to  demolish  human  habitations,  as  happened 
in  several  of  the  instances  above  recorded. 
Would  the  Deity  have  permitted  a  world  peo- 
pled with  innocent  beings  to  be  subjected  to 
such  accidents  and  dangers  1  If  not,  is  it  not 
a  presumptive  proof  that  man,  in  being  ex- 
posed to  such  casualties  from  celestial  agents, 
as  well  as  from  storms,  earthquakes,  and  vol- 
canoes, is  not  in  that  state  of  primeval  inno- 
cence in  which  he  was  created  1  And  if  we 
suppose  that  a  moral  revolution  was  the  cause 
of  the  catastrophe  which  happened  to  the 
planet  to  which  we  allude,  we  may  trace  both 
a  physical  and  a  moral  connexion,  however 
distant,  between  the  earth  and  that  planet; 
for  if  the  stones  to  which  we  allude  are  a  part 
of  the  wreck  of  that  world,  they  have  been 
the  means  of  exciting  alarm  among  various 
tribes  of  the  earth's  population,  and  of  pro- 
ducing destruction  and  devastation ;  so  that 

*  These  stones,  in  our  translation  of  the  Bible, 
are  called  hailstones,  but  without  any  reason,  since 
the  original  word,  abenim,  signifies  stones  in  gene- 
ral according  to  the  definition  given  in  Park- 
hurst's  Hebrew  Lexicon  :  and  in  the  book  of  Job, 
chap,  xxviii.  3,  the  word  is  translated  stones  of 
darkness;  meaning,  undoubtedly,  metallic  stonea 
or  metals  which  are  searched  out  from  the  bowels 
of  the  earth. 
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one  depraved  world  has  been  the  instrument 
in  some  degree  of  punishing  another. 

But  perhaps  I  have  gone  too  fai  in  such 
speculations.  I  have  stated  them  with  the 
view  of  showing  that  we  might  occasionally 
connect  our  moral  views  of  the  Deity  with 
the  contemplation  of  the  material  fabric  of  the 
universe.  When,  through  the  medium  of  our 
telescopes  and  our  physical  investigations,  we 
obtain  a  glimpse  of  the  order  and  economy 
of  a  distant  region  of  the  universe,  it  may  be 
considered  as  a  new  manifestation  of  the 
Deity,  and  it  is  our  duty  to  deduce  from  it 
those  instructions  it  is  calculated  to  convey. 
And  although  we  may  occasionally  deduce 
erroneous  conclusions  from  existing  facts,  yet 
such  speculations  and  reflections  may  some- 
times have  a  tendency  to  excite  an  interesting 
train  of  thought,  and  to  inspire  us  with  an 
ardent  desire  of  beholding  the  scene  of  the 
universe  and  the  plan  of  the  Divine  adminis- 
tration more  completely  unfolded,  in  that 
world  where  the  physical  and  moral  impedi- 
ments which  now  obstruct  our  intellectual 
vision  shall  be  for  ever  removed. 

TI.    03T  THE  PLACET  JUPITER. 

Next  to  Pallas,  in  the  order  of  the  system, 
is  the  planet  Jupiter.  This  planet,  when 
nearest  the  earth,  is  the  mbst  splendid  of  all 
the  nocturnal  orbs,  except  Venus  and  the 
moon.  Its  distance  from  the  sun  is  495,000,- 
000  of  miles,  and  the  circumference  of  its 
orbit,  3,110,000,000  of  miles.  Around  this 
orbit  it  moves  in  eleven  years  and  three  hun- 
dred and  fifteen  days,  at  the  rate  of  nearly 
thirty  thousand  miles  every  hour.  When 
nearest  to  the  earth,  at  the  time  of  its  opposi- 
tion to  the  sun,  it  is  about  400,000,000  of 
miles  distant  from  us.  A  faint  idea  of  this 
distance  may  be  acquired  by  considering  that 
a  cannon-ball,  flying  five  hundred  miles  every 
hour,  would  require  more  than  ninety-one 
years  to  pass  over  this  space ;  and  a  steam- 
carriage,  moving  at  the  rate  of  twenty  miles 
an  hour,  would  require  nearly  two  thousand 
three  hundred  years  before  it  could  reach  the 
orbit  of  Jupiter.  When  at  its  greatest  dis- 
tance from  the  earth,  abou(  the  time  of  its 
conjunction  with  the  sun,  this  planet  is  distant 
from  us  no  less  than  590,000,000  of  miles ; 
yet  its  apparent  size,  in  this  case,  does  not 
appear  very  much  diminished,  although  it  is 
190,000,000  of  miles  further  from  us  in  the 
latter  case  than  in  the  former.  When  viewed 
with  a  telescope,  however,  it  appears  sensibly 
larger  and  more  splendid  at  the  period  of  its 
opposition  than  when  near  the  point  of  its 
conjunction. 

Diurnal  Rotation. — This  planet  has  been 
found  to  revolve  around  its  axis  in  the  space 
of  nine  hours,  fifty-five  minutes,  and  forty- 
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nine  and  a  half  seconds.  This  discovery  was 
made  by  observing  a  small  spot  in  one  of  the 
belts,  which  appeared  gradually  to  move  across 
the  disk  of  the  planet.  Mr.  Hook  appears  to 
have  first  observed  it  in  the  year  1664;  -and 
in  the  following  year,  1665,  Cassini,  that  accu- 
rate observer  of  the  heavens,  perceived  the 
same  spot,  which  appeared  round,  and  moved 
with  the  greatest  velocity  when  in  the  middle, 
but  was  narrower  and  moved  more  slowly  as 
it  approached  nearer  the  edge  of  the  disk, 
which  showed  that  the  spot  adhered  to  the 
body  of  Jupiter,  and  was  carried  round  upon 
it.  This  spot  continued  visible  during  the 
following  year,  so  that  Cassini  was  enabled  to 
determine  the  period  of  Jupiter's  rotation  to 
be  nine  hours  and  nearly  fifty-six  minutes. 
This  rotation  is  far  more  rapid  than  that  of 
any  of  the  other  planets,  so  far  as  we  know, 
and  nearly  equals  the  velocity  of  Jupiter  in 
his  annual  course  round  the  sun.  The  cir- 
cumference of  this  planet  is  278,600  milea, 
and,  therefore,  its  equatorial  parts  will  move 
with  a  velocity  of  28,000  miles  an  hour,  which 
is  3000  miles  more  than  the  equatorial  parts 
of  the  earth's  surface  move  in  twenty -four 
hours.  This  rapid  velocity  of  the  tropical 
regions  of  Jupiter,  and  of  the  places  which  lie 
adjacent  to  them,  will  have  the  effect  of  ren- 
dering all  bodies  lighter  than  they  would  be 
were  the  motion  of  rotation  as  slow  as  that  of 
the  earth.  The  gravity  of  bodies  at  the  sur- 
face of  Jupiter  is  more  than  twice  as  great  as 
at  the  surface  of  the  earth,  on  account  of  his 
superior  bulk ;  so  that  a  body  weighing  one 
pound  at  the  equatorial  surface  of  the  earth 
would  weigh  two  pounds  four  ounces  and  a 
half  at  the  surface  of  Jupiter.  If,  therefore* 
we  were  transported  to  the  surface  of  that 
planet,  we  should  be  a  burden  to  ourselves, 
being  pressed  down  with  more  than  double 
our  present  weight,  and  having  but  the  same 
strength  to  support  it.  But  Jupiter  is  eleven 
times  larger  in  circumference  than  the  earth  ; 
and  hence,  if  both  planets  revolved  on  their 
axes  in  the  same  time,  the  centrifugal  force 
on  Jupiter  would  be  eleven  times  greater  than 
with  us.  But  the  squares  of  the  number  of 
revolutions  performed  in  the  same  time  by  the 
earth  and  Jupiter;  that  is,  the  square  of 
twenty-four  hours,  and  the  square  of  nine 
hours,  fifty-six  minutes,  are  nearly  as  one  to 
six ;  therefore,  a  body  placed  on  Jupiter  will 
have  sixty-six*  times  a  greater  centrifugal 
force  than  with  us,  which  would  sensibly  re- 
lieve the  weight  of  the  inhabitants  if  they 
stood  in  need  of  it.  This  rapid  rotation 
would  of  itself  relieve  them  of  one-eighth  or 
one-ninth  of  their  whole  weight ;  or,  in  othei 
words,  a  body  weighing  eight  stone  at  the 
equator  of  Jupiter,  if  the  planet  stood  still, 

*  That  is,  11X6=66. 
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would  gravitate  with  a  force  of  only  seven 
stone  on  the  commencement  of  its  diurnal 
rotation,  at  the  rate  at  which  we  now  find  it. 

It  may  perhaps  be  surmised  by  some  that, 
since  the  semi-diameter  of  Jupiter  is  eleven 
times  greater  than  that  of  the  earth,  the  at- 
traction or  weight  of  bodies  on  its  surface 
ought  to  be  eleven  times  greater  than  on  the 
surface  of  our  globe.  This  would  be  the 
case  if  the  matter  in  Jupiter  were  as  dense  as 
in  the  earth ;  and  the  weight  of  bodies  would, 
of  course,  be  in  proportion  to  their  semi-diame- 
ter, or  the  distance  of  the  surface  from  the 
centres  of  these  bodies.  But  the  density  of 
Jupiter  is  only  a  little  more  than  that  of 
water,  while  the  density  of  the  earth  is  five 
times  greater.  If  the  density  of  Jupiter  were 
as  great  as  that  of  the  earth,  and,  conse- 
quently, the  weight  of  bodies  on  its  surface 
eleven  times  greater,  men  of  our  stature  and 
make  could  scarcely  be  supposed  to  support 
eleven  times  the  weight  of  such  bodies  as 
ours,  but  behooved  to  be  almost  chained  down 
to  the  surface  of  the  planet  by  their  own 
gravity ;  and  were  we  to  suppose  them  of  a 
larger  stature,  this  inconvenience  would  be- 
come the  greater ;  for  the  least  of  any  species 
of  animated  beings  have  generally  the  greatest 
nimbleness  and  agility  of  motion.  This  cir- 
cumstance is  perhaps  one  of  the  reasons  why 
the  larger  planets  of  the  system  have  the  least 
degree  of  density :  for  if  Jupiter  were  com- 
posed of  materials  as  dense  as  those  of  Mer- 
cury, organized  beings  like  man  would  be 
unable,  without  a  supernatural  power,  to  tra- 
verse the  surface  of  such  a  planet 

In  consequence  of  the  rapid  motion  of  Ju- 
piter, the  days  and  nights  will  be  propoi- 
tionably  short.  The  sun  will  appear  to  move 
through  the  whole  celestial  hemisphere,  from 
the  eastern  to  the  western  horizon,  in  less 
than  five  hours,  and  all  the  planets  and  con- 
stellations will  appear  to  move  with  the  same 
rapidity :  so  that  the  apparent  motions  of  all 
these  bodies  will  be  perceptible  to  the  eye 
when  contemplating  them  only  for  a  few  mo- 
ments, excepting  those  which  appear  near  the 
polar  regions.  The  sky  of  this  planet  will 
therefore  assume  an  air  of  sublimity  superior 
to  ours,  in  consequence  of  all  the  bodies  it 
contains  appearing  to  sweep  so  rapidly  around, 
and  to  change  their  positions  in  so  short  a 
space  of  time.  As  Jupiter  moves  round  the 
sun  in.  4332£  of  our  days,  and  round  its  axis 
in  nine  hours,  fifty-six  minutes,  there  will  be 
10,470  days  in  the  year  of  that  planet. 

Magnitude  and  Superficial  Contents  of  the 
Globe  of  Jupiter. — This  planet  is  the  largest 
in  the  system,  being  89,000  miles  in  diameter, 
and,  consequently,  fourteen  hundred  times 
larger  than  the  earth.  Its  surface  contains 
24,884,000,000,  or  twenty-four  thousand  eight 
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hundred  and  eighty-four  millions  of  square 
miles,  which,  at  the  rate  of  population  for- 
merly stated,  280  inhabitants  to  a  square  mile, 
would  be  sufficient  for  the  accommodation  of 
6,967,520,000,000,  or  nearly  seven  billions  of 
inhabitants,  which  is  more  than  ei°;ht  thou- 
sand seven  hundred  times  the  present  popu- 
lation of  our  globe,  and  nearly  fifty  times  the 
number  of  human  beings  that  have  existed 
on  the  earth  since  its  creation.  Although  the 
one  half  of  this  planet  were  covered  with 
water,  which  does  not  appear  to  be  the  case, 
it  would  still  be  ample  enough  to  contain  a 
population  more  than  four  thousand  times 
larger  than  that  of  our  globe.  If  such  a  popu- 
lation actually  exist,  as  we  have  little  reason 
to  doubt,  it  may  hold  a  rank,  under  the  Divine 
government,  equal  to  several  thousands  of 
worlds  such  as  ours.  Such  an  immense  globe, 
replenished  with  such  a  number  of  intellec- 
tual beings,  revolving  with  such  amazing  ra- 
pidity round  its  axis,  moving  forward  in  its 
annual  course  30,000  miles  every  hour,  and 
carrying  along  with  it  four  moons  larger  than 
ours  to  adorn  its  firmament,  presents  to  the 
imagination  an  idea  at  once  wonderful  and 
sublime,  and  displays  a  scene  of  wisdom  and 
omnipotence  worthy  of  the  infinite  perfections 
of  its  Creator. 

Discoveries  which  have  been  made  in  rela- 
tion to  Jupiter  by  the  Telescope. — Jupiter  pre- 
sents a  splendid  and  interesting  appearance 
when  viewed  with  a  powerful  telescope.  Hia 
surface  appears  much  larger  than  the  full 
moon  to  the  naked 'eye  ;  his  disk  is  diversified 
with  darkish  stripes;  his  satellites  appear 
sometimes  in  one  position  and  sometimes  in 
another,  but  generally  in  a  straight  line  with 
each  other.  Sometimes  two  of  them  are  seen 
on  one  side  of  the  planet  and  two  on  another ; 
sometimes  two  only  are  visible,  while  the 
other  two  are  eclipsed  either  by  the  disk  or 
the  shadow  of  Jupiter ;  and  sometimes  all  the 
four  may  be  seen  on  one  side  and  in  a  straight 
line  from  the  planet,  in  the  order  of  their  dis- 
tances, so  that  these  moons  present  a  different 
aspect  and  relation  to  each  other  every  suc- 
cessive evening. 

These  moons  were  first  seen  by  Galileo,  in 
the  year.  16 10,  by  means  of  a  telescope  he  had 
constructed,  composed  of  two  glasses,  a  con- 
cave next  the  eye  and  a  convex  next  the  ob- 
ject, which  magnified  about  thirty-three  times. 
No  further  discoveries  were  made  in  relation 
to  this  planet  till  about  the  year  1633,  when 
the  belts  were  discovered  by  Fontana  Rheita, 
Riccioli,  and  several  others.  They  were  after- 
ward more  particularly  observed  and  delin- 
eated by  Cassini.  These  belts  appear  like 
dark  stripes  across  the  disk  of  the  planet,  and 
are  generally  parallel  to  one  another  and  to 
the  planet's  equator.  They  are  somewhat 
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variable,'  however,  both  as  to  ihoir  number 
and  their  distance  from  each  other,  and  some- 
times as  to  their  position.  On  certain  occa- 
sions ei£M  have  been  seen  at  a  time  ;  at  other 
limes  only  one.  Though  they  are  generally 
parallel  to  one  another,  yet  a  piece  of  a  belt 
has  been  seen  in  an  oblique  position  to  the 
rest,  as  in  Fig.  49.  They  also  vary  in  breadth  ; 
for  one  belt  has  been  observed  to  have  grown 
a  good  deal  narrower  than  it  was,  when  a 
neighbouring  belt  has  been  increased  in 
breadth,  as  if  the  one,  like  a  fluid,  had  flowed 
into  the  other.  In  favour  of  this  opinion,  it  is 
stated  in  the  "  Memoirs  of  the  Royal  Academy 
of  Sciences"  that  a  part  of  an  oblique  belt 
was  observed  to  lie  so  as  to  form  a  communi- 
cation between  them,  as  represented  in  Fig. 
49.  At  one  time,  says  Dr.  Long,  the  belts 
have  continued  without  sensible  variations  for 
nearly  three  months ;  at  another  time  a  new 
belt  has  been  formed  in  an  hour  or  two.  They, 
have  sometimes  been  seen  broken  up  and  dis- 
tributed over  the  whole  face  of  the  planet,  in 
which  state  they  are  exhibited  in  some  of  the 
delineations  of  Sir  W.  Herschel ;  but  this  phe- 
nomenon is  extremely  rare,  and  does  not  ap- 
pear to  have  been  noticed  by  any  other  ob- 
server. In  the  year  1787  Schroeter  saw  two 
dark  belts  in  the  middle  of  Jupiter's  disk  ;  and 
near  to  them  two  white  and  luminous  belts, 
resembling  those  which  were  seen  by  Cam- 
pani  in  16G4.  The  equatorial  zone  which 
was  comprehended  between  the  two  dark  belts 
had  assumed  a  dark  gray  colour,  bordering 
upon  yellow.  The  northern  dark  belt  then 
received  a  sudden  increase  of  size,  while  the 
southern  one  became  partly  extinguished,  and 
afterward  increased  into  an  uninterrupted 
belt.  The  luminous  belts  also  suffered  several 
changes,  growing  sometimes  narrower,  and 
sometimes  one  half  larger  than  their  original 
size. 

The  following  figures  represent  some  of  the 
appearances  of  the  belts  of  Jupiter. 


disk  in  the  space  of  ten  minutes,  was  judged 
to  be  the  shadow  of  one  of  the  satellites  moving 
across  the  disk  of  the  planet.  Fig.  51,  exhi- 


bits a  view  of  Jupiter  as  he  appeared  about 
the  end  of  1832  and  beginning  of  1833,  which 
was  taken  by  means  of  an  achromatic  tele- 
scope, with  magnifying  powers  of  150  and  180 
times.  Fig.  52,  is  a  view  taken  with  the  same 
telescope  in  1837.  In  this  view  the  principal 
belt  near  the  planet's  equator  appeared  dark, 
distinct,  and  well  defined  ;  but  the  other  two 
belts  at  either  pole  were  extremely  faint,  and 
could  only  be  perceived  after  a  minute  inspec- 
tion. Fig.  53,  is  a  view  in  which  a  bright 


Fig.  49,  represents  a  view  of  Jupiter's  belts 
by  Cassini.  Fig.  50,  a  view  from  Dr.  Hook, 
as  delineated  in  the  "  Philosophical  Transac- 
tions" for  1666,  which  was  taken  by  a  sixty 
feet  refracting  telescope.  The  small  black 
spot  on  the  middle  belt,  which  did  not  appear 
at  the  beginning  of  the  observation,  and  which 
moved  about  a  third  or  fourth  part  across  the 


and  a  dark  spot  were  perceived  on  one  of  the 
belts ;  and  Fig.  54,  a  view  by  Sir  John  Her- 
schel. I  have  had  an  opportunity  of  viewing 
Jupiter  with  good  telescopes,  both  reflecting 
and  achromatic,  for  twenty  or  thirty  years 
past ;  and,  among  several  hundreds  of  observa- 
tions, I  have  never  seen  above  four  or  five 
belts  at  one  time.  The  most  common  appear- 
ance I  have  observed  is  that  of  two  belts,  dis- 
tinctly marked,  one  on  each  side  of  the  pla- 
net's equator,  and  one  at  each  pole,  generally 
broader,  but  much  fainter  than  the  others. 
I  have  never  perceived  much  change  in  the 
form  or  position  of  the  belts  during  the  same 
season,  but  in  successive  years  a  slight  degree 
of  change  has  been  perceptible,  some  of  the 
belts  having  either  disappeared,  or  turned 
much  fainter  than  they  were  before,  or  shifted 
somewhat  their  relative  positions ;  but  I  have 
never  seen  Jupiter  without  at  least  two  or 
three  belts.  Some  of  the  largest  of  these  belts, 
being  at  least  the  one  eighth  part  of  the  dia- 
meter of  the  planet  in  breadth,  must  occupy  a 
space  at  least  11,000  miles  broad  and  278,000 
miles  in  circumference  ;  for  they  run  along  the 
wliole  circumference  of  the  planet,  and  appear 
of  the  same  shape  during  every  period  of  its- 
rotation.  It  is  probable  that  the  smallest  belts 
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we  can  distinctly  perceive  by  our  telescopes 
are  not  much  less  than  a  thousand  miles  in 
breadth. 

What  these  belts  really  are  has  been  a  sub- 
ject of  speculation  and  conjecture  among  as- 
tronomers, but  it  is  difficult  to  arrive  at  any 
definite  conclusion.  By  some  they  have  been 
regarded  as  immense  strata  of  clouds  in  the 
atmosphere  of  Jupiter ;  while  others  imagine 
that  they  are  the  marks  of  great  physical 
changes  which  are  continually  agitating  the 
surface  of  this  planet.  I  am  inclined  to  think 
that  the  dark  belts  are  portions  of  the  real  sur- 
face of  the  planet,  and  that  the  brighter  parts 
are  something  analogous  to  clouds,  or  other 
substances  with  which  we  are  unacquainted, 
floating  in  its  atmosphere,  at  a  considerable 
elevation  above  its  surface.  That  the  dark 
belts  are  the  body  of  the  planet  appears  highly 
probable  from  this  consideration,  that  the  spot 
f>y  which  the  rotation  of  Jupiter  was  deter- 
mined has  been  always  found  in  connexion 
with  one  of  the  dark  belts ;  and  as  this  spot 
must  be  considered  as  a  permanent  one  on  the 
body  of  Jupiter,  so  the  belt  with  which  it  is 
connected  must  be  considered  as  a  portion  of 
the  real  body  of  the  planet.  It  is  absurd  and 
preposterous  to  suppose,  as  some  have  done, 
that  the  changes  on  the  surface  of  Jupiter  are 
produced  by  physical  convulsions,  occasioned 
by  earthquakes  and  inundations ;  for,  in  such 
a  case,  the  globe  of  Jupiter  would  be  unfit  for 
being  the  peaceful  abode  of  rational  inhabit- 
ants. What  should  we  think  of  a  world 
where  5000  miles  of  ocean  occasionally  inun- 
dated a  corresponding  portion  of  the  land,  or 
where  earthquakes  sometimes  swallowed  up 
continents  of  several  thousands  of  miles  in 
length  and  breadth  ?  Such  physical  catastro- 
phes recurring  every  year  on  such  a  splendid 
and  magnificent  globe  as  Jupiter  would  not 
only  render  it  unfit  for  the  habitation  of  any 
beings,  but  would  imply  a  reflection  on  the 
wisdom  and  benevolence  of  the  great  Creator. 
Whatever  opinions,  therefore,  we  may  adopt 
respecting  the  phenomena  of  this  planet,  they 
ought  to  be  such  as  arc  consistent  with  the 
idea  of  a  habitable  world  and  with  the  perfec- 
tions of  the  Deity.  Were  the  belts  of  Jupiter 
permanent  and  invariable,  it  would  be  com- 
paratively easy  to  account  for  the  phenomena 
.which  appear  on  his  surface  ;  for  the  dark  belts 
might  be  considered  as  seas,  and  the  brighter 
portions  of  his  surface  as  land.  But  as  these 
belts,  whether  bright  or  dark,  are  found  to  be 
variable,  we  must  have  recourse  to  another 
hypothesis  for  their  explanation,  or  be  content 
in  the  mean  time  to  confess  our  ignorance. 
Our  opinions  and  conjectures  respecting  the 
circumstances  of  other  worlds  are  too  fre- 
quently guided  merely  by  what  we  know  of 
the  objects  and  operations  which  exist  on  our 
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globe ;  and  we  are  apt  to  think  that  the  ar- 
rangements of  other  globes  destined  for  the 
abode  of  intellectual  beings  must  be  similar  to 
those  of  our  own.  We  talk  of  physical  con 
vulsions,  earthquakes,  and  inundations  in  Ju- 
piter, and  of  volcanic  eruptions  in  the  sun  and 
moon,  as  if  these  phenomena  were  as  common 
in  other  worlds  as  in  the  earth  ;  whereas  it  is 
not  improbable  that  they  are  peculiar  to  our 
globe,  and  that  they  are  connected  with  the 
moral,  or  rather  demoralized  state  of  its  pre- 
sent inhabitants.  There  is  an  infinite  variety 
in  the  system  of  nature ;  and  it  is  highly  pro- 
bable that  there  is  no  world  in  the  universe 
that  exactly  resembles  another.  Although 
Jupiter  moves  round  the  sun,  and  turns  upon 
his  axis  by  the  same  la^^  which  direct  the 
motions  of  our  glob'1',  yet  there  may  be  as 
great  a  difference  '".»the  arrangements  connect- 
ed with  this  r'anet  and  those  of  the  earth,  as 
there  is  beVeen  the  constitution  of  the  earth 
and  tb--.t,  of  a  planet  which  revolves  around  the 
star  Sirius.  Would  it  be  altogether  impro- 
bable to  suppose  that  the  globe  of  Jupiter  is 
partly  inclosed  within  a  sphere  of  semitrans- 
parent  substance,  at  a  considerable  elevation 
above  his  surface,  or  rather  within  parallel 
rings,  like  an  Armillary  sphere  composed  of 
such  a  substance,  which  vary  their  position, 
and  sometimes  surround  one  part  of  his  globe 
and  sometimes  another?  These  rings,  of 
whatever  substance  they  might  be  composed, 
might  serve  to  reflect  the  rays  of  the  sun  so  as 
to  produce  an  addition  of  light  and  heat,  and, 
at  the  same  time,  by  exhibiting  a  variety  of 
colours  and  motions,  to  diversify  and  adorn 
the  firmament  of  this  planet.  Almost  any 
supposition  is  preferable  to  the  idea  of  a  con- 
tinued scene  of  physical  convulsions.  The 
idea  now  thrown  out  is  not  more  extravagant 
than  that  of  a  planet  nearly  as  large  as  Jupi 
ter  being  surrounded  with  two  concentric 
rings.  Had  we  not  discovered  the  rings  of 
Saturn,  we  should  never  have  formed  the  idea 
of  a  world  environed  with  such  an  appendage. 
As  a  corroboration  of  the  idea  that  the  bright 
stripes  which  appear  on  this  planet  surround 
its  body  at  a  considerable  elevation,  it  has 
been  observed  by  Sir  John  Herschel,  "  that 
the  dark  belts  do  not  come  up  in  all  their 
strength  to  the  edge  of  the  disk,  but  fade 
away  gradually  before  they  reach  it ;"  an  al- 
most decisive  proof  that  the  bright  belts  in- 
close the  dark  ones,  or,  in  other  words,  the 
body  of  the  planet ;  and  that  they  are  elevated 
above  the  dark  globe  of  Jupiter,  in  all  proba- 
bility, not  less  than  a  thousand  miles. 

Whatever  opinion  we  may  form  as  to  the 
constitution  of  this  planet,  the  phenomena  it 
presents  afford  a  vast  field  for  investigation 
and  reflection.  If  it  be  a  fact,  as  has  been  as- 
serted by  credible  observers,  that  two  belts 
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nave  gradually  disappeared  during  the  time 
of  an  observation,  and  that,  at  another  time,  a 
new  belt  has  been  formed  in  an  hour  or  two, 
agents  far  more  powerful  than  any  with  which 
we  are  acquainted  must  have  been  in  operation 
to  produce  such  an  effect,  and  changes  more 
extensive  than  any  which  take  place  in  our 
terrestrial  sphere  must  have^happened  in  the 
regions  connected  with  Jupiter  ;  for  some  of 
the  belts  of  this  planet  are  from  five  to  ten 
thousand  miles  in  breadth ;  and  if  those  al- 
luded to  extended  quite  across  the  disk  of  the 
planet,  they  mwt  have  been  more  than  one 
hundred  and  thirty  thousand  miles  in  length. 
Yet  such  a  change  may  have  taken  place,  not 
only  without  convulsions,  causing  terror  and 
confusion,  but  to  the  admiration  and  joy  of 
the  inhabitants  of  that  globe,  as  opening  up  a 
new  and  striking  scene  in  the  canopy  of 
heaven ;  for  if  we  suppose  such  bright  belts  or 
circles  as  v  *e  have  imagined  rapidly  to  shift 
their  position  in  the  canopy  above,  such  a 
grand  effect  might  in  a  short  time  be  produced. 
Besides  the  belts,  spots  of  different  kinds, 
some  of  them  brighter  and  some  darker  than 
the  belts,  have  been  occasionally  seen.  The 
spot  by  which  Jupiter's  rotation  was  deter- 
mined is  the  largest,  and  of  the  longest  con- 
tinuance of  any  hitherto  observed.  Its  diame- 
ter is  one  tenth  of  the  diameter  of  Jupiter,  and 
it  is  situated  in  the  northern  part  of  the  south- 
ern belt.  Its  centre,  when  nearest  that  of  the 
planet,  is  distant  from  the  centre  of  Jupiter 
about  one  third  of  the  semidiameter  of  the 
planet.  This  spot  was  first  perceived  by  Hook 
and  Cassini  in  the  years  1664,  1665,  and 
1666.  It  appeared  and  vanished  eight  times 
between  the  year  1665  and  1708.  From  1708 
till  1713  it  was  invisible;  the  longest  time  of 
its  continuing  to  be  visible  was  three  years, 
and  the  longest  period  of  its  disappearing  was 
from  1708  to  1713.  It  has  evidently  some 
connexion  with  the  southern  belts  ;  for  it  has 
never  been  seen  when  that  disappeared,  though 
that  belt  has  often  been  visible  without  the 
spot.  Besides  this  ancient  spot,  as  it  is  called, 
Cassini,  in  the  year  1699,  saw  one  of  less  sta- 
bility, which  did  not  continue  of  the  same 
shape  and  dimensions,  but  broke  into  several 
small  ones,  of  which  the  revolution  was  but  9 
hours,  51  minutes;  and  two  other  spots  which 
revolved  in  9  hours,  52£  minutes.  The  large 
spot  described  above,  being  about  the  one 
tenth  of  the  diameter  of  Jupiter,  must  have 
been  more  than  8000  miles  in  extent,  and, 
consequently,  larger  than  the  diameter  of  the 
earth.  When  Cassini  had  assured  himself 
of  the  period  of  rotation  from  the  motion  of 
this  spot,  he  made  a  report  of  his  observations 
to  the  Royal  Academy  of  Sciences,  and  cal- 
culated the  precise  moment  when  the  spot 
would  appear  on  the  eastern  limb  of  the  planet, 


on  a  future  day  ;  on  which  the  academy  sent 
a  deputation  of  M.  Buot,  M.  Mariotte,  and 
others,  to  be  present  at  the  observation ;  and 
when  they  came  to  the  royal  observatory,  they 
saw  the  spot  in  the  position  predicted,  and 
traced  its  motion  for  an  hour  or  two,  till  the 
heavens  began  to  be  overcast  with  clouds. 
All  the  observations  which  have  been  made 
upon  this  spot  and  others,  and  its  successive 
appearance  and  disappearance,  perfectly  agree 
with  the  idea  of  bright  belts  inclosing  the  globe 
of  Jupiter  at  a  distance  from  the  surface,  and 
varying  their  aspect  arid  motions  at  different 
periods  of  time.  And  although  some  readers 
may  consider  it  as  a  trifling  matter  to  dwell 
with  such  particularity  on  a  spot  in  Jupiter, 
yet  that  spot,  however  insignificant  it  may 
appear  through  our  telescopes,  may  be  more 
spacious  and  important  in  the  system  of  nature 
than  all  the  continents  and  islands  of  our 
globe,  and  may  form  a  greater  portion  of  the 
divine  government  than  all  the  kingdoms  of 
the  earth. 

There  is  a  peculiar  splendour  in  the  appear- 
ance of  Jupiter,  both  through  the  telescope 
and  to  the  naked  eye,  considering  his  great 
distance  from  the  sun  and  from  the  earth. 
The  planet  Mars  appears  comparatively  dull 
and  obscure,  even  when  nearest  the  earth, 
when  it  is  only  fifty  millions  of  miles  distant ; 
while  the  planet  Jupiter,  which  is  350  mil- 
lions of  miles  further  from  the  earth  and  from 
the  source  of  light,  presents  a  brilliancy  of 
aspect  far  superior.  This  circumstance  seems 
to  indicate  that  there  is  some  apparatus  con- 
nected with  the  globe  of  Jupiter  calculated  to 
reflect  the  light  of  the  sun  in  a  peculiar  man- 
ner, both  on  the  surface  of  the  planet  itself, 
on  its  moons,  and  towards  other  planets.  Such 
an  apparatus  is  not  only  consistent  with  the 
supposition  thrown  out  abovo.  but  tends  to 
corroborate  it ;  and  however  strange  we  may 
consider  the  idea  of  brilliant  belts  surrounding 
a  planet,  yet  as  variety  is  stamped  on  all  the 
works  of  the  Creator,  and  as  no  world  is  pre- 
cisely like  another,  the  dissimilarity  of  such  an 
appendage  to  what  we  know  of  our  own  or  of 
other  globes  ought  to  be  no  argument  against 
its  existence.  If  we  wish  to  know  more  of  the 
phenomena  of  this  planet  than  what  we  have 
hitherto  ascertained,  we  must  endeavour  to 
improve  our  telescopes,  and  to  increase,  inde- 
finitely, the  number  of  observers.  Were  an 
immense  number  of  intelligent  observers  dis- 
tributed over  different  parts  of  the  earth,  and 
provided  with  the  best  telescopes  ;  were  they 
to  mark  with  care  and  minuteness  the  pheno- 
mena to  which  we  have  adverted  ;  were  they 
to  delineate,  in  a  series  of  drawings,  the  various 
aspects  of  this  planet  during  f  wo  or  three  pe- 
riodical revolutions,  marking  the  periods  of 
the  different  changes,  and  the  positions  of  the 
2  N  (421) 
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planet  with  respect  to  the  earth  and  the  sun, 
and  noting  at  the  same  time  the  positions  of 
the  satellites  when  any  change  in  the  belts 
took  place,  we  might  possibly  ascertain  some- 
thing more  of  the  nature  of  the  belts,  whether 
dark  or  bright,  of  the  periods  of  their  changes, 
and  whether  these  changes  be  influenced  by 
the  attractive  power  of  the  satellites.  For  if 
any  appendage,  fe  connected  with  Jupiter 
composed  of  a  substance  of  small  density,  it  is 
reasonable  to  believe  that  its  positions  and 
movements  would  be  affected  at  certain  times 
by  the  positions  of  the  satellites,  especially 
when  they  all  happened  to  be  situated  on  the 
same  side  of  Jupiter. 

Seasons,  Proportion  of  Light,  #c.,  in  Jupi- 
ter.— The  axis  of  this  planet  being  nearly  per- 
pendicular to  the  plane  of  its  motion,  there 
can  be  no  variety  of  seasons  similar  to  what 
we  experience.  The  inclination  of  its  axis, 
however,  is  stated  by  some  astronomers  to  be 
86  degrees,  54^  minutes  ;  or  3  degrees,  5\J 
minutes  from  the  perpendicular.  This  incli- 
nation will  cause  a  slight  variety  of  seasons 
at  different  periods  of  the  planet's  annual  re- 
volution, but  not  nearly  to  the  same  extent, 
as  in  Mars  or  the  earth.  If  the  axis  of  Jupiter 
were  as  much  inclined  to  his  ecliptic  as  the 
axis  of  the  earth,  his  polar  regions  would  re- 
main in  darkness  for  nearly  six  years  with- 
out intermission,  just  as  the  places  around  our 
north  and  south  poles  are  deprived  of  the 
light  of  the  sun  for  one  half  of  the  year. 
There  will  be  nearly  equal  day  and  night  in 
every  part  of  the  surface  of  this  planet ;  but 
to  the  places  near  the  equator  the  sun  will  ap- 
pear to  rise  to  a  high  elevation  above  the  hori- 
zon, and  to  move  through  the  heavens  with 
great  rapidity,  while  near  the  polar  regions  he 
will  appear  to  m^ve  comparatively  slow,  and 
to  describe  on1/  a  small  semicircle  above  the 
horizon.  We  are  not  to  imagine,  however, 
that  "  everlasting  winter"  prevails  around  the 
poles  of  this  planet,  as  some  have  asserted, 
because  the  sun  never  rises  high  above  those 
regions,  and  the  solar  rays  fall  obliquely  upon 
them;  for  there  may  be  arrangements  and 
compensations,  of  which  we  are  ignorant,  to 
produce  nearly  as  great  a  degree  of  light  and 
heat  in  the  polar  as  in  the  equatorial  regions; 
and  perhaps  the  bright  belts  to  which  we 
have  adverted  may  be  so  arranged  as  to  con- 
tribute to  this  effect.  Nor  are  we  to  imagine 
that  there  is  no  variety  of  scenery  in  Jupiter 
because  there  are  no  seasons  similar  to  ours. 
For  every  degree  of  latitude  from  the  equator 
to  the  poles  will  produce  a  diversity  of  aspect ; 
and  the  variation  of  the  belts,  whatever  may 
be  their  arrangement,  and  of  what  substances 
goever  they  may  consist,  will  produce  a  diver- 
sity of  scenery  in  the  firmament  of  Jupiter  far 
greater,  and,  perhaps,  far  more  magnificent 
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and  transporting  than  any  thing  we  contem- 
plate in  our  terrestrial  abode. 

The  intensity  of  the  solar  light  on  the  sur- 
face of  Jupiter  is  twenty-seven  times  less  than 
on  the  earth.  The  mean  apparent  diameter 
of  the  sun,  as  seen  from  the  earth,  is  thirty- 
two  minutes,  three  seconds  ;  but  the  solar  di- 
ameter, as  sea»  from  Jupiter,  is  only  six 
minutes,  nine  seconds,  which  is  less  than  one 
fifth  so  great  as  the  sun  appears  to  us.  The 
square  of  6'  9",  or  369",  is  136,161,  and  the 
square  of  32'  3"  is  369,729,  which,  divided 
by  136,161,  produces  a  quotient  of  27  1-6, 
which  shows  that  the  surface  of  the  sun,  as 
seen  from  Jupiter,  is  rnoie  than  twenty-seven 
times  less  than  he  appears  to  us ;  and  as  the 
intensity  of  light  decreases  in  proportion  to 
the  square  of  the  distance,  there  will  be 
twenty-seven  times  less  light  on  this  planet 
than  on  the  earth.  But  if  the  intensity  of 
the  lig-ht  be  increased  by  reflection  from  any 
substances  connected  with  this  planet,  or  if 
the  inhabitants  have  the  pupils  of  their  eyes 
much  larger  than  ours,  all  the  objects  around 
them  may  appear  with  even  greater  splendour 
than  on  the  earth.  The  following  figures  will 
show  to  the  eye  the  proportional  size  of  the 
sun  as  seen  from  Jupiter  and  from  the  earth. 
The  small  circle  shows  the  comparative  bulk 
of  the  solar  orb  as  seen  from  Jupiter,  and 
the  larger  circle  its  bulk  as  viewed  from  the 
earth. 

Fig.  55. 


Nothing  particular  has  been  ascertained  re- 
specting an  atmosphere  surrounding  this  pla- 
net. Though  it  is  probable  that  it  has  an 
appendage  answering  the  purpose  of  an  atmo- 
sphere, yet  it  may  be  very  different  in  its  na- 
ture and  properties  from  that  which  surrounds 
the  earth.  And  if  the  planet  be  surrounded 
with  bright  belts,  as  we  have  supposed,  or  if 
the  bright  parts  of  its  surface  are  to  be  consi- 
dered as  something  analogous  to  clouds  sus- 
pended in  a  body  of  air,  it  is  evident  that  the 
denser  parts  of  its  atmosphere  never  can  be 
perceived  by  us,  and  that  no  dimness  or  ob- 
scurity is  to  be  expected  when  a  fixed  rtar 
approaches  its  disk.  Hence  M.  Schroeter, 
when  he  had  a  very  clear  and  distinct  view  of 
the  spots  and  belts  when  Jupiter  suffered  an 
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occupation  by  the  moon  on  the  7th  of  April, 
1792,  could  perceive  nothing  throughout  the 
whole  observation  indicative  of  a  refractive 
medium  near  the  margin  of  the  planet. 

Jupiter  is  remarkable  on  account  of  his 
spheroidal  figure.  This  figure  is  obvious  to 
the  eye  when  viewing  the  planet  with  a  high 
magnifying  power.  Nor  is  this  an  optical  il- 
lusion ;  for  both  diameters  have  been  accu- 
rately measured  by  the  micrometer ;  and  the 
equatorial  diameter  is  found  to  be  in  propor- 
tion to  the  polar  nearly  as  fourteen  to  thirteen, 
so  that  the  equatorial  is  more  than  6300  miles 
longer  than  the  polar  diameter.  This  oblate 
figure  is  ascribed  to  the  swiftness  of  Jupiter's 
rotation,  which  produces  a  centrifugal  force, 
which  has  a  tendency  to  make  the  equatorial 
parts  more  protuberant  than  the  polar.  From 
calculations  formed  on  the  principles  of  phy- 
sical astronomy,  it  is  found  that  the  proportion 
above  stated  is  really  the  degree  of  oblateness 
which  corresponds,  on  those  principles,  to  the 
dimensions  of  this  planet  and  the  time  of  its 
rotation  ;  so  that  theory  perfectly  harmonizes 
with  observation. 

The  density  of  this  planet  compared  with 
that  of  water  is  as  1  1-24  to  1 ;  that  is,  it  is 
a  small  fractional  part  denser  than  water. 
Its  mass,  compared  with  that  of  the  sun,  is  as 
1  to  1067  ;  compared  with  that  of  the  earth,, 
as  312  to  1,  that  is,  Jupiter  could  weigh  312 
globes  of  the  same  size  and  density  as  the 
earth.  The  eccentricity  of  its  orbit  is  23,8 1 0, 
000  miles ;  and  the  inclination  of  the  orbit  to 
the  ecliptic  is  about  one  degree,  nineteen  mi- 
nutes. Its  mean  apparent  diameter  is  thirty- 
eight  seconds,  and  its  greatest  diameter,  when 
in  opposition  to  the  sun,  forty-seven  and  a 
half  seconds.  Its  mean  arc  of  retrogradation 
is  nine  degrees,  fifty-four  minutes,  and  its 
mean  duration  about  121  days.  This  retro- 
gradation,  or  moving  contrary  to  the  order  of 
the  signs,  commences  or  finishes  when  the 
planet  is  not  more  than  115  degrees  from  the 
sun.  The  following  figure  exhibits  a  view 
of  Jupiter  and  his  satellites  as  seen  through  a 
good  telescope. 

Fig.  56. 


VII.  OIT  THE    PLANET  SATURN. 

The  planet  Saturn  may  be  considered  in 
almost  every  respect  as  the  most  magnificent 


and  interesting  body  .within  the  limits  of  th« 
planetary  system.  Viewed  in  connection  with 
its  satellites  and  rings,  it  comprehends  a 
greater  quantity  of  surface  than  even  the 
globe  of  Jupiter  ;  and  its  majestic  rings  con- 
stitute the  most  singular  and  astonishing  phe- 
nomena that  have  yet  been  discovered  within 
the  limits  of  our  system. 

Its  distance  from  the  sun  is  906  million? 
of  miles,  which  is  nearly  twice  the  distance 
of  Jupiter ;  and  the  circumference  of  its  orbit 
is  5,695,000,000  of  miles;  to  move  round 
which  a  cannon  ball  would  require  more  thart 
1300  years,  although  it  were  moving  500 
miles  every  houi.  But  a  steam -carriage, 
moving  at  the  rate  of  twenty  miles  an  hour, 
would  require  above  32,500  years  to  complete 
the  same  round.  When  nearest  the  earth, 
Saturn  is  811  millions  of  miles  distant,  an  in- 
terval which  could  riot  be  traversed  by  a  car- 
riage, at  the  rate  now  stated,  in  less  than  4629 
years  ;  and  even  a  cannon  ball,  moving  with 
the  velocity  above  mentioned,  would  require 
184  years.  So  that,  although  man  were  di- 
vested of  the  gravitating  power,  and  capable 
of  supporting  himself  amid  the  ethereal  regions, 
and  though  he  were  invested  with  a  power  of 
rapid  motion  superior  to  any  movement  we 
perceive  on  earth,  before  he  could  reach  the 
middle  orbit  of  the  planetary  system,  or  one 
fourth  of  its  diameter,  it  would  require  a  space 
of  time  far  more  than  is  yet  al'olted  to  mortal 
existence,  and,  therefore,  all  hope  of  personally 
exploring  the  celestial  regions  is  completely 
annihilated,  so  long  as  we  are  invested  with 
our  present  corporeal  vehicles,  and  are  con- 
nected with  this  terrestrial  abode. 

This  planet  revolves  around  the  sun  in  the 
space  of  about  29^  years,  or  in  10,758  days, 
23  hours,  16  minutes,  34  seconds,  which  is  its 
sidereal  revolution,  or  the  time  it  takes  in 
moving  from  a  certain  fixed  star  to  the  same 
star  again.  Through  the  whole  of  its  circuit 
it  moves  at  the  rate  of  22,000  miles  every 
hour.  The  period  of  its  rotation  was  for  a 
long  time  unknown.  About  a  century  ago, 
it  was  conjectured  by  some  astronomers  that 
it  was  accomplished  in  about  ten  or  eleven 
hours.  It  was  not,  however,  till  Sir  W.  Her- 
schel applied  his  powerful  telescopes  to  Saturn 
that  its  rotation  was  accurately  determined. 
By  certain  dark  spots  which  he  perceived  on 
its  disk,  and  by  their  change  of  position,  he 
ascertained  that  the  diurnal  rotation  is  per- 
formed in  ten  hours,  sixteen  minutes,  and 
nineteen  seconds.*  It  is  remarkable  that  La 
Place,  from  physical  considerations,  had  calcu- 
lated the  rotation  of  Saturn  to  be  nearly  the 
same  as  above  stated,  before  Herschel  had  de- 

*  Sir  John  Herschel  states  the  period  of  rotation 
to  be  ten  hours  twenty-nine  minutes,  seventeen 
seconds. 
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termined  it  by  direct  observation.  The  rota- 
tion is  performed  on  an  axis  perpendicular  to 
the  plane  of  the  ring.  The  circumference  of 
Saturn  being  248,000  miles,  the  parts  about 
the  equator  will  move  at  the  rate  of  24,000 
miles  an  hour.  Its  year  will  consist  of  25,150 
days,  or  periods  of  its  diurnal  rotation. 

Proportion  of  Light  on  Saturn. — This  pla- 
net being  about  9^  times  further  from  the  Sun 
than  the  earth,  it  will  receive  only  the  one 
ninetieth  of  the  light  which  we  receive  ;  for 
the  square  of  9 £  is  equal  to  90$.  This  quan- 
tity of  light,  however,  is  equal  to  the  light 
which  would  be  reflected  from  a  thousand  full 
moons  such  as  ours ;  and  there  can  be  little 
doubt  that  the  beings  that  reside  in  this  planet 
have  their  organs  of  vision  so  constructed  as 
to  be  perfectly  adapted  to  the  quantity  of  light 
they  receive  ;  and,  by  such  an  adaptation,  all 
the  objects  around  them  may  appear  as  splen- 
didly enlightened,  and  their  colours  as  vivid  as 
they  do  on  the  globe  on  which  we  live.  The  ap- 
parent diameter  of  the  sun,  as  seen  from  Saturn, 
is  three  minutes,  twenty-two  seconds  ;  but  his 
mean  apparent  diameter,  as  seen  from  the 
earth,  is  equal  to  thirty-two  minutes,  three  se- 
conds. This  proportion  of  size  in  which  the 
sun  appears  from  the  earth  and  from  Saturn  is 
represented  in  the  following  figure,  in  which 
the  small  circle  represents  the  size  of  the  sun 
as  seen  from  Saturn. 

Fig.  57. 


Discoveries  by  the  lelescope  on  the  Body  of 
Saturn. — The  great  distance  of  this  planet 
from  the  earth  prevents  us  from  observing  its 
surface  so  minutely  as  that  of  Jupiter.  Cer- 
tain dusky  spots,  however,  have  of  late  years 
been  occasionally  seen  on  its  surface,  when 
very  powerful  telescopes  were  applied,  and  by 
the  motion  of  these  its  diurnal  rotation  was  de- 
termined. Belts  somewhat  similar  to  those  of 
Jupiter  have  likewise  been  seen.  Huygens, 
more  than  150  years  ago,  states  that  he  had 
perceived  five  belts  on  Saturn  which  were 
nearly  parallel  to  the  equator.  Sir  W.  Hcr- 
schel,  in  his  numerous  observations,  also  ob- 
served several  belts,  which  in  general,  were 
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parallel  with  the  ring.  On  the  llth  of  No- 
vember,  1798,  immediately  south  of  the  sha- 
dow of  the  ring  upon  Saturn,  he  perceived  a 
bright,  uniform,  and  broad  belt,  and  close  to  it 
a  broad  or  darker  belt,  divided  by  two  narrow 
white  streaks,  so  that  he  saw  five  belts,  three 
of  which  were  dark  and  two  bright.  The 
dark  belt  had  a  yellow  tinge.  These  belts 
cover  a  larger  zone  of  the  disk  of  the  planet 
than  the  belts  of  Jupiter  occupy  upon  his  sur- 
face. With  a  magnifying  power  of  200  times 
I  have  sometimes  seen  one  darkish  belt  on  the 
body  of  Saturn ;  but  it  was  much  fainter  than 
those  of  Jupiter.  It  does  not  appear  that  these 
belts  vary  or  shift  their  positions,  as  the  belts 
of  Jupiter  are  found  to  do ;  the  dark  ones  are 
much  fainter  than  those  of  Jupiter,  and,  there- 
fore, it  is  most  probable  that  they  are  perma« 
nent  portions  of  the  globe  of  Saturn,  which 
indicate  a  diversity  of  surface  and  configura- 
tion either  of  land  or  water,  or  of  some  othei 
substances  with  which  we  are  unacquainted 
When  this  planet  is  viewed  with  a  good  tele- 
scope, it  appears,  like  Jupiter,  to  be  of  a  sphe- 
roidal figure,  or  somewhat  approaching  to  it 
The  proportion  of  its  polar  to  its  equatorial 
diameter  is  as  32  to  35,  or  nearly  as  11  to 
12  ;  so  that  the  polar  diameter  is  more  than 
6,700  miles  shorter  than  the  equatorial,  which 
is  a  greater  difference  than  that  of  the  two  di- 
ameters of  Jupiter.  Saturn  was  generally 
considered,  till  lately,  as  a  regular  spheroid  ; 
but  on  the  12th  of  April,  1805,  Sir  W.  Her- 
schel  was  struck  with  a  very  singular  appear- 
ance when  viewing  the  planet.  "  The 
flattening  of  the  poles  did  not  seem  to  begin 
till  near  a  very  high  latitude,  so  that  the  real 
figure  of  the  planet  resembled  a  square,  or 
rather  a  parallelogram,  with  the  four  corners 
rounded  off  deeply,  but  not  so  much  as  to 
bring  it  to  a  spheroid."  It  is  probable  that  the 
action  of  the  ring  or  its  attractive  power  is 
the  cause  of  the  great  protuberance  which  is 
found  about  the  equatorial  regions  of  Saturn. 
Magnitude  and  Extent  of  Surface  on 
Saturn. — This  planet  is  about  79,000  miles 
in  diameter,  and  nearly  a  thousand  times 
larger  than  the  earth.  Its  surface '  contains 
more  than  19,600,000,000  of  square  miles, 
and,  consequently,  at  the  rate  of  280  inhabit- 
ants to  a  square  mile,  it  would  contain  a  popu- 
lation of  5,488,000,000,000,  or  about  five 
billions  and  a  half,  which  is  six  thousand 
eight  hundred  and  sixty  times  the  present 
number  of  inhabitants  on  our  globe ;  so  that 
this  globe,  which  appears  only  like  a  dim 
speck  on  our  nocturnal  sky,  may  be  con- 
sidered as  equal  to  six  thousand  worlds  like 
ours;  and  since  such  a  noble  apparatus  of 
rings  and  moons  is  provided  for  the  accommo- 
dation and  contemplation  of  intelligent  beings, 
we  cannot  doubt  that  it  is  replenished  with 
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ten  thousand  times  ten  thousands  of  sensitive 
and  rational  inhabitants ;  and  that  the  scenes 
and  transactions  connected  with  that  distant 
world  may  far  surpass  in  grandeur  whatever 
has  occurred  on  the  theatre  of  our  glohe. 

Density  of  Saturn. — The  density  of  Saturn 
compared  with  that  of  the  earth  is  nearly  as 
one  to  nine ;  compared  with  that  of  water,  it 
is  less  than  one-half;  so  that  the  mean  density 
of  this  planet  cannot  he  much  more  than  the 
density  of  cork;  and,  consequently,  the  globe 
of  Saturn,  were  it  placed  in  an  immense 
ocean,  would  swim  on  the  surface  as  a  piece 
of  cork  or  light  wood  swims  in  a  basin  of 
water.  There  is  none  of  the  planets,  so  far 
as  we  know,  whose  density  is  so  small  as  that 
of  Saturn,  or  less  than  the  density  of  water. 
We  are  not  to  imagine,  however,  that  the 
materials  which  compose  the  surface  of  Saturn 
are  as  light  as  cork,  or  similar  substances ;  for 
any  thing  we  know  to  the  contrary,  they  may 
be  as  dense  as  the  rocks  and  mould  which 
compose  the  crust  of  our  globe.  WTe  have 
only  to  suppose  that  the  globe  of  Saturn  is 
hollow,  or  merely  filled  with  some  elastic  fluid, 
and  that  the  solid  parts  of  its  exterior  crust 
form  a  shell  of  a  hundred  or  two  hundred 
miles  in  thickness.  It  is  true,  indeed,  that 
the  density  of  our  globe  increases  from  its 
surface  downward,  perhaps  even  to  the  centre. 
But  we  have  no  reason  to  suppose  that  this  is 
the  case  with  all  the  other  planets;  on  the 
contrary,  it  is  most  probable  that  it  is  exactly 
the  reverse  in  the  case  of  Saturn ;  for  if  the 
materials  which  compose  that  planet  were  to 
increase  in  density  towards  the  centre,  the 
substances  on  its  surface  would  have  little 
more  density  or  solidity  than  that  of  a  cloud 
suspended  in  the  atmosphere.  And  we  know 
that,  in  all  the  works  of  the  Creator,  variety 
is  one  grand  characteristic  of  his  plans,  even 
where  the  same  general  objects  are  intended 
to  be  accomplished,  and  the  same  general 
laws  are  in  operation. 

From  want  of  correct  views  on  this  subject, 
several  foolish  and  erroneous  notions  have 
been  entertained  and  circulated.  In  a  late 
number  of  a  popular  and  extensively  circu- 
lated journal,  when  treating  of  "  Planetary 
Arrangements,"  it  is  stated,  that  "while  on 
Mercury  a  native  of  earth  would  scarcely  be 
able  to  drag  one  foot  after  another  for  the 
strong  power  pulling  him  to  the  ground,  he 
could,  on  the  planet  Saturn,  leap  sixty  feet 
hi^h  as  easily  as  he  could  here  leap  a  yard." 
Nov  loth  these  positions  are  quite  erroneous ; 
for  although  the  density  of  Mercury  is  about 
double  the  density  of  the  earth,  and  nearly 
that  of  lead,  yet  the  bulk  of  the  two  planets  is 
very  different,  the  diameter  of  the  earth  being 
nearly  8000  miles,  while  that  of  Mercury  is 
only  3200,  and  the  force  with  which  a  body 
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placed  on  their  surfaces  gravitates  to  them  is 
in  proportion  to  their  manses  divided  by  the 
squares  of  their  diameters.  If  Mercury  were 
at?  large  as  the  earth,  an  inhabitant  of  oui 
globe  placed  on  the  surface  of  that  planet 
would  feel  himself  "  pulled  to  the  ground"  as 
if  he  were  placed  on  a  similar  ball  of  lead,  and 
his  weight,  of  course,  would  be  increased ;  but, 
as  matters  now  stand,  the  gravitation  on  Mer- 
cury is  only  a  small  fraction  greater  than  on 
the  surface  of  the  earth ;  so  that,  in  this  re- 
spect, "a  native  of  earth,"  and  particularly 
an  inhabitant  of  Greenland,  might  walk  with 
nearly  as  much  ease  on  the  planet  Mercury 
as  under  our  equator.  The  same  considera- 
tions show  the  absurdity  of  what  is  stated  in 
relation  to  Saturn ;  for  that  planet  is  ten  times 
the  diameter  of  the  earth;  and  though  its 
density  is  nearly  as  small  as  that  of  cork,  yet 
its  immense  bulk  renders  the  force  of  gravity 
at  its  surface  somewhat  greater  than  even  on 
the  earth,  and  almost  as  great  as  on  the  sur- 
face of  Mercury.  A  body  which  weighs  one 
pound  on  the  surface  of  the  earth  would  weigh 
one  pound  and  four  drachms  if  removed  to  the 
surface  of  Saturn ;  so  that  a  person,  instead  of 
being  able  to  "  leap  sixty  feet  high"  from  the 
surface  of  this  planet,  would  be  unable  to  leap 
quite  so  high  as  he  can  do  on  the  earth.  In 
short,  there  is  not  a  planet  in  the  solar  system, 
with  the  exception  of  Jupiter,  on  which  an 
inhabitant  of  the  earth  might  not  move  about 
as  easily,  in  respect  to  gravitating  power,  as 
he  does  on  the  terraqueous  globe ;  and  even 
on  Jupitei  he  would  experience  little  more 
than  double  the  weight  he  now  feels.  On 
some  of  the  other  planets,  such  as  Mars  and 
Juno,  he  would  feel  somewhat  lighter  than  he 
now  does,  but  not  nearly  so  much  as  would 
enable  him  to  leap  to  such  a  height  as  above 
stated.  On  the  same  principle,  which  is 
taken  for  granted  in  the  above  quotation,  we 
might  suppose  that  a  person  would  feel  much 
lighter  were  he  placed  on  the  surface  of  the 
sun,  because  the  density  of  that  luminary  is 
little  more  than  the  density  of  water;  whereas, 
in  consequence  of  his  immense  size,  the  gravi- 
tating power  would  be  twenty-seven  times 
greater  than  at  the  surface  of  our  globe.  For, 
according  to  the  calculations  of  La  Place,  a 
body  which,  at  the  earth's  equator,  weighs  one 
pound,  if  transptoted  to  the  surface  of  the  sun 
would  weigh  abwbt  twenty-seven  and  a  half 
pounds ;  from  which  it  follows,  that  there  a 
heavy  body  would  descend  about  four  hundred 
and  twenty -five  feet  in  the  first  second  of  time; 
consequently,  were  a  man  who  weighs  two 
hundred  pounds  to  be  placed  on  the  sun,  he 
would  be  pressed  down  to  its  surface  with  a 
force  equal  to  five  thousand  five  hundred 
pounds,  or  nearly  two  tons  and  a  half,  which 
would  fix  him  to  the  surface  without  power 
2  N  2  (425) 
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of  motion.  So  that  whatever  beings  may 
inhabit  that  globe,  it  is  not  fitted  for  the 
residence  of  man  in  his  present  state  of 
organization. 

The  eccentricity  of  Saturn's  orbit  is  49,000,- 
000  of  miles,  which  is  about  the  1-37  part  of 
the  diameter  of  the  orbit.  Its  inclination  to 
the  ecliptic  is  2°  29£'.  Its  apparent  diameter, 
as  seen  from  the  earth,  is  seventeen  minutes, 
six  seconds;  and  its  mean  daily  motion,  two 
minutes  of  a  degree. 

Till.  ON  THE  llltfOS  OF  SATCRST. 

Besides  the  appearances  above  described, 
this  planet  is  encircled  with  a  double  ring, 
one  of  the  most  astonishing  phenomena  which 
have  yet  been  discovered  in  the  heavens,  and 
which,  therefore,  requires  a  separate  and  par- 
ticular description. 

The  first  individual  who  perceived  a  glimpse 
of  Saturn's  ring  was  Galileo,  soon  after  the 
invention  of  the  telescope.  He  thought  he 
saw  that  planet  appear  like  two  smaller  globes , 
on  each  side  of  a  larger  globe ;  or,  as  he  ex- 
pressed it,  that  "  Saturn  was  in  the  shape  of 
an  olive."  In  the  year  1610  he  published  his 
discovery  in  a  Latin  sentence,  the  meaning  of 
which  was,  that  he  had  seen  Saturn  appear 
with  three  bodies.  After  viewing  Saturn  in 
this  form  for  two  years,  he  was  surprised  to 
see  him  become  quite  round  without  his 
adjoining  globes,  and  to  remain  in  this  state 
for  some  time,  and,  after  a  considerable  period, 
to  appear  again  in  his  triple  form  as  before. 
This  deception  was  owing  to  the  want  of 
magnifying  power  in  the  telescope  used  by 
Galileo ;  for  the  first  telescope  constructed  by 
this  astronomer  magnified  the  diameters  of  ob- 
jects only  three  times ;  his  second  improved  tele- 
scope magnified  only  eight  times  ;  and  the  best 
telescope  which,  at  that  time,  he  found  himself 
capable  of  constructing,  magnified  little  more 
than  thirty  times,-  and  with  this  telescope  he 
made  most  of  his  discoveries.  But  a  telescope 
of  this  power  is  not  sufficient  to  show  the 
opening  or  dark  space  between  the  ring  and 
Saturn  on  each  side  of  the  planet ;  and  at  the 
time  when  it  appeared  divested  of  its  two 
appendages,  the  thin  and  dark  edge  of  the 
ring  must  have  been  in  a  line  between  his 
eye  and  the  body  of  Saturn,  which  phenome- 
non happens  once  every  fifteen  years.  About 
forty  years  after  this  period  the  celebrated 
Huygens  greatly  improved  the  art  of  grinding 
object  glasses;  and  with  a  telescope  of  his 
own  construction,  twelve  feet  long,  and  after- 
ward with  another  of  twenty -three  feet,  which 
magnified  objects  one  hundred  times,  he  dis- 
covered the  true  shape  of  Saturn's  ring,  and 
in  1659  he  published  his  "  Sy sterna  Satur- 
nium"  in  which  he  describes  and  delineates 
all  ite  appearances. 
(426) 


It  was  suspected  by  astronomers  more  than 
a  century  ago  that  the  ring  of  Saturn  wa» 
double,  or  divided  into  two  concentric  rings. 
Cassini  supposed  it  probable  that  this  was  the 
case.  Mr.  Pound,  in  the  account  of  his  ob- 
servations on  Saturn  in  1723,  by  means  of 
Hadley's  new  reflecting  telescope,  states  that 
with  this  instrument  he  could  plainly  perceive 
"  the  black  list  in  Saturn's  rinq"  and  gives 
an  engraving  of  the  planet  and  ring  with  this 
dark  stripe  distinctly  marked,  as  in  the  modern 
views  of  Saturn.*  Mr.  Hadley  likewise  states | 
that,  in  the  year  1722,  with  the  same  telescope, 
he  observed  the  dark  line  on  the  ring  of  Saturn 
parallel  to  its  circumference,  which  was  chiefly 
visible  on  the  ansae,  or  extremities  of  the  elliptic 
figure  in  which  the  ring  appears,  but  that  he 
was  several  times  able  to  trace  it  quite  round  ; 
particularly  in  May,  1722,  he  could  discern  it 
without  the  northern  limb  of  Saturn,  in  that 
part  of  the  ring  that  appeared  beyond  the 
globe  of  the  planet,  and  could  perceive  that 
the  globe  of  Saturn  reflects  less  light  than  the 
inner  part  of  the  ring.  It  was  not,  however, 
till  Sir  W.  Herschel  began  to  make  observa- 
tions on  this  planet  with  his  powerful  tele- 
scopes that  Saturn  was  recognized  as  being 
invested  with  two  concentric  rings.  The  fol- 
lowing cut  (Fig.  58)  exhibits  a  view  of  Saturn 
and  his  rings,  nearly  in  their  respective  pro- 
portions, as  they  would  appear  were  they 
placed  perpendicular  to  our  line  of  sight;  but, 
on  account  of  the  oblique  angle  they  generally 
form  to  our  line  of  vision,  we  never  see  them 
through  the  telescope  in  this  position. 

Fig.  58. 


The  following  are  the  dimensions  of  the 
rings,  as  determined  by  the  observations  of 
Sir  W.  Herschel,  which  are  here  expressed 
in  the  nearest  round  numbers.  Outside 
diameter  of  the  exterior  ring,  a  d,  204,800 

*  Se»  "  Philosophical  Transactions,"  No.  378. 
for  July,  1723;  and  Reid  and  Gray's  Abridgment, 
vol.  vi.  p.  153. 

t  "Philosophical  Transactions,"  No.  378;  or 
Abridgment,  vol.  vi.  p.  154. 
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miles,  which  is  nearly  twenty-six  times  the 
diameter  of  the  earth.  Inside  diameter  of 
inis  ring,  190,200  miles;  breadth  of  the  dark 
space  between  the  two  rings,  2839  miles, 
which  is  700  miles  more  than  the  diameter 
of  our  moon,  so  that  a  body  as  large  as  the 
moon  would  have  room  to  move  between  the 
rings.  Outside  diameter  of  the  interior  ring 
b,  184,400,  and  the  inside  diameter,  146,300 
miles.  Breadth  of  the  exterior  ring,  7200 
miles;  breadth  of  the  interior  20,000  miles,  or 
2|  times  the  diameter  of  the  earth ;  so  that 
the  interior  ring  is  nearly  three  times  broader 
than  the  exterior.  The  thickness  of  the  rings 
has  not  yet  been  accurately  determined.  Sir 
John  Herschel  supposes  that  it  does  not  ex- 
ceed a  hundred  miles.  "  So  very  thin  is  the 
ring,"  says  Sir  John,  "  that  it  is  quite  invisible, 
when  its  edge  is  directly  turned  to  the  earth, 
to  any  but  telescopes  of  extraordinary  power." 
On  the  19th  of  April,  1833,  "the  disappear- 
ance of  the  rings  was  complete  when  observed 
with  a  reflector  eighteen  inches  in  aperture 
and  twenty  feet  in  focal  length.*  The  breadth 
of  the  two  rings,  including  the  dark  space  be- 
tween them,  is  very  nearly  equal  to  the  dark 
space  which  intervenes  between  the  globe  of 
Saturn  and  the  inside  of  the  interior  ring.  It 
appears  to  have  been  lately  ascertained  that 
this  double  ring  is  not  exactly  circular,  but 
eccentric.  This  seems  to  have  been  first  ob- 
served by  M.  Schwalz,  of  Dessau,  in  1828. 
He  informed  M.  Harding,  of  it,  who  thought 
he  saw  the  same  thing;  M.  Harding  informed 
Professor  Schumacher,  who  applied  to  M. 
Struve  to  settle  the  question  by  means  of  the 
superb  micrometer  attached  to  his  great  tele- 
scope. M.  Struve  measured  the  distance 
between  the  ring  and  the  body  of  the  planet 
on  five  different  days,  and  ascertained  that 
Saturn's  ring  is  really  eccentric,  and,  con- 
sequently, that  the  centre  of  the  planet  does 
not  coincide  with  the  centre  of  the  ring ;  but 
that  the  centre  of  gravity  of  the  rings  oscil- 
lates round  that  of  the  body  of  Saturn, 
describing  a  very  minute  orbit.  This  is  con- 
sidered as  of  the  utmost  importance  to  the 
stability  of  the  system  of  the  rings,  in  pre- 
venting them  from  being  shifted  from  their 
equilibrium  by  any  external  force,  such  as 
the  attraction  of  the  satellites,  which  might 
endanger  their  falling  upon  the  planet.  That 
this  double  ring  really  consists  of  two  con- 
centric rings,  was  demonstrated,  says  Pro- 
fessor Robinson,  "  by  a  star  having  been  seen 
through  the  interval  between  them." 

This  double  ring  is  now  found  to  have  a 

*  Sir  John  ITerschel  states  the  dimensions  of 
these  rinps  on  a  somewhat,  lower  scale  than  what 
liis  father  determined.  lie  says  that  they  were 
calculated  from  Professor  Struve's  micrometrical 
measures  ;  hut  admits  that  some  of  the  dimensions 
be  states  are  perhaps  too  small. 


swift  rotation  around  Saturn  in  its  own  plane, 
which  it  accomplishes  in  about  ten  hours  and 
a  half.  This  is  very  nearly  tbe  periodic  time 
which  a  satellite  would  take  in  revolving  at 
the  same  distance  from  the  centre  of  Saturn. 
This  rotation  was  detected  by  observing  that 
some  portions  of  the  ring  were  a  little  less 
bright  than  others.  Sir  W.  Herschel,  when 
examining  the  plane  of  the  ring  with  a  power- 
ful telescope,  perceived  near  the  extremity  of 
its  arms  or  ansse  several  lucid  or  protuberant 
points,  which  seemed  to  adhere  to  the  ring. 
At  first  he  imagined  them  to  be  satellites,  but 
afterward  found,  upon  careful  examination, 
that  none  of  the  satellites  could  exhibit  such 
an  appearance,  and  therefore  concluded  that 
these  points  adhered  to  the  ring,  and  that  the 
variation  in  their  position  arose  from  a  rota- 
tion of  the  ring  round  its  axis  in  the  period 
above  stated.  The  circumference  of  the  ex- 
terior ring  being  643,650  miles,  every  point 
of  its  outer  surface  moves  with  a  velocity  of 
more  than  a  thousand  miles  every  minute, 
or  seventeen  miles  during  one  beat  of  the 
clock.  It  is  highly  probable  that  this  rapid 
rotation  of  the  ring  is  one  of  the  princi- 
pal causes,  under  the  arrangements  of  the' 
Creator,  of  sustaining  the  ring,  and  prevent- 
ing it  from  collapsing  and  falling  down  upon 
the,  planet.  This  double  ring  is  evidently  a 
solid  compact  substance,  and  not  a  mere  cloud 
or  shining  fluid  ;  for  it  casts  a  deep  shadow 
upon  different  regions  of  the  planet,  which  is 
plainly  perceived  by  good  telescopes.  Be- 
sides, were  it  not  a  solid  arch,  its  centrifugal 
force,  caused  by  its  rapid  rotation,  would  soon 
dissipate  all  its  parts,  and  scatter  them  in  the 
surrounding  spaces.  It  is  not  yet  ascertained 
whether  both  the  rings  have  the  same  period 
of  rotation.  This  magnificent  appendage  to 
the  globe  of  Saturn  is  about  30,000  miles  dis- 
tant from  the  surface  of  the  planet,  so  that 
four  globes  nearly  as  large  as  the  earth  could 
be  interposed  between  them  ;  it  keeps  always 
the  same  position  with  respect  to  the  planet ; 
is  incessantly  moving  around  it ;  and  is  car- 
ried along  with  the  planet  in  its  revolution 
round  the  sun. 

The  surface  of  the  double  ring  does  not 
seem  to  be  exactly  plane.  One  of  the  ansaej" 
sometimes  disappears  and  presents  its  dark 
edge,  while  the  other  ansa  continues  to  ap- 
pear, and  exhibits  a  part  of  its  plane  surface. 

f  The  parts  of  the  ring  about  the  ends  of  the 
longest  axis,  reaching:  beyond  the  disk  of  the 
planet,  are  called  the  awsft>  Ansa  sis nifies  a  li/indle, 
which  name  was  given  when  telescopes  were  so 
imperfect  as  to  represent  Saturn  as  a  globe  with 
two  small  knobs  on  each  side.  The  same  name  is 
still  continued,  though  it  is  somewhat  improper, 
now  that,  the  true  shape  of  this  appendage  is 
known.  Ptill  the  general  appearance  of  Saturn  a 
somewhat  like  a  globe,  with  an  ansa  or  handle  on 
each  side. 

(427) 


86 


CELESTIAL  SCENERY. 


On  the  9th  of  October,  1714,  the  ansae  ap- 
peared twice  as  short  as  usual,  and  the  eastern 
one  much  longer  than  the  western.  On  the 
first  of  the  same  month,  the  largest  ansa  was 
on  the  east  side ;  on  the  12th,  the  largest  ansa 
was  on  the  west  side  of  Saturn's  disk;* 
which  led  the  observers,  even  at  that  period, 
to  conclude  that  the  ring  had  a  rotation  round 
the  planet.  On  the  llth  of  January,  1774, 
M.  Messier  observed  both  the  ansae  completely 
detached  from  the  planet,  and  the  eastern  one 
larger  than  the  other.  In  1774,  Sir  W.  Her- 
schel  likewise  observed  Saturn  with  a  single 
ansa.  From  these  observations,  it  has  been 
concluded  that  there  are  irregularities  on  the 
surface  of  the  ring,  analogous,  perhaps,  to 
mountains  and  vales  of  vast  extent;  and  that 
the  occasional  disappearance  of  the  ansae  may 
possibly  arise  from  a  curvature  in  its  surface. 
Sir  W.  Herschel  was  of  opinion  that  the  edge 
of  the  exterior  ring  is  not  flat,  but  of  a  spheri- 
cal, or  rather  spheroidal  form. 

Dimensions  of  Saturn's  Rings. — It  is  diffi- 
cult for  the  mind  to  form  an  adequate  concep- 
tion of  the  magnitude,  the  mechanism,  and 
the  magnificence  of  these  wonderful  rings, 
which  form  one  of  the  most  astonishing  ob- 
jects that  the  universe  displays.  In  order  to 
appreciate,  in  some  measure,  the  immense  size 
of  these  rings,  it  may  be  proper  to  attend  to 
the  following  statements:  Suppose  a  person 
to  travel  round  the  outer  edge  of  the  exterior 
ring,  and  to  continue  his  journey  without  in- 
termission at  the  rate  of  twenty-five  miles 
every  day,  it  would  require  more  than  seventy 
years  before  he  could  finish  his  tour  round 
this  immense  celestial  arch.  The  interior 
boundary  of  the  inner ;  ring  incloses  a  space 
which  would  be  sufficient  to  contain  within  it 
three  hundred  and  forty  globes  as  large  as  the 
earth ;  and  the  outer  ring  could  inclose  within 
its  inner  circumference  five  hundred  and  se- 
venty-five globes  of  the  same  magnitude,  sup- 
posing every  portion  of  the  inclosed  area  to 
be  filled.  This  outer  ring  would  likewise  in- 
close a  globe  containing  2,829,580.622,048,- 
315,  or  more  than  two  thousand  eight  hundred 
billions  of  cubical  miles,  which  globe  would 
be  equal  to  more  than  ten  thousand  eight 
hundred  globes  of  the  size  of  the  earth.  In 
regard  to  the  quantity  of  surface  contained 
in  these  rings,  the  one  side  of  the  outer  ring 
contains  an  area  of  4,529,401,800,  or  more 
than  four  thousand  five  hundred  millions  of 
square  miles.  The  one  side  of  the  inner 
ring  contains  9,895,780,818,  or  nearly  ten 
thousand  millions  of  square  miles.  The  two 
rings,  therefore,  contain  on  one  side  above 
fourteen  thousand  four  hundred  millions  of 
square  miles ;  and  as  the  other  sides  of  the 
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rings  contain  the  same  extent  of  surface,  the 
whole  area  comprehended  in  these  rings  will 
amount  to  28,850,365,236,  or  more  than 
twenty-eight  thousand  eight  hundred  mil- 
lions of  square  miles.  This  quantity  of 
surface  is  equal  to  146  times  the  number 
of  square  miles  in  the  terraqueous  globe, 
and  is  more  than  588  times  the  area  of  all 
the  habitable  portions  of  the  earth.  Were 
we  to  suppose  these  rings  inhabited  (which  is 
not  at  all  improbable,)  they  could  accommodate 
a  population,  according  to  the  rate  formerly 
stated,  of  8,078,102,266,080,  or  more  than 
eight  billions,  which  is  equal  to  more  than 
ten  thousand  times  the  present  population 
of  our  globe ;  so  that  these  rings,  in  reference 
to  the  space  they  contain,  may  be  considered, 
in  one  point  of  view,  as  equal  to  ten  thousand 
worlds. 

Were  we  to  take  into  consideration  the 
thickness  of  the  rings,  we  should  find  a  very 
considerable  addition  to  the  area  above  stated. 
Supposing,  according  to  Sir  J.  Herschel's  esti- 
mate, that  they  are  only  one  hundred  miles 
thick,  the  area  of  the  exterior  circumference 
of  the  edge  of  the  outer  ring  will  be  64,365,- 
700  miles ;  and  that  of  the  interior  edge,  59,- 
777,100.  The  exterior  edge  of  the  Dinner 
ring  will  contain  an  area  of  57,954,200  square 
miles,  and  the  interior  edge  45,980,000;  in 
all,  228,077,000  square  miles,  which  is  thirty- 
one  millions  of  square  miles  more  than  the 
whole  area  of  our  globe. 

These  rings,  therefore,  exhibit  a  striking 
idea  of  the  power  of  the  Creator,  and  of  the 
grandeur  and  magnificence  of  his  plans  and 
operations.  They  likewise  display  the  depths 
of  his  wisdom  and  intelligence  ;  for  they  are 
so  adjusted,  both  in  respect  to  their  position 
around  the  body  of  the  planet  and  to  the  de- 
gree of  motion  impressed  upon  them,  as  to 
prevent  both  their  falling  in  on  the  planet  and 
their  flying  off  from  it  through  the  distant  re- 
gions of  space.  We  have  already  stated  that 
the  rings  are  not  exactly  concentric  with  the 
body  of  the  planet.  Now,  it  is  demonstrable, 
from  physical  considerations,  that  were  they 
mathematically  perfect  in  their  circular  form, 
and  exactly  concentric  with  the  planet,  "  they 
would  form  a  system  in  a  state  of  unstable 
equilibrium,  which  the  slightest  external 
power,"  such  as  the  attraction  of  the  satellites, 
"  might  completely  subvert,  by  precipitating 
them  unbroken  on  the  surface  of  the  plftnet." 
For  physical  laws  must  be  considered  as  ope- 
rating in  the  system  of  Saturn  as  well  as  in 
the  earth  and  moon,  and  the  other  planets ; 
and  every  minute  circumstance  must  be  ad- 
justed so  as  to  correspond  with  these  laws. 
"  The  observed  oscillation,"  says  Sir  J.  Her- 
schel, "  of  the  centres  of  the  rings  about  that 
of  the  planet  is,  in  itself,  the  evidence  of  a 
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perpetual  contest  between  conservative  and 
destructive  powers,  both  extremely  feeble,  but 
so  antagonizing  one  another  as  to  prevent  the 
latter  from  ever  acquiring  an  uncontrollable 
ascendency  and  rushing  to  a  catastrophe." 
"  The  smallest  difference  of  velocity  between 
the  body  and  rings  must  infallibly  precipitate 
the  latter  on  the  former,  never  more  to  sepa- 
rate; consequently,  either  their  motions  in 
their  common  orbit  round  the  sun  must  have 
been  adjusted  to  each  other  by  an  external 
power  with  the  minutest  precision,  or  the 
rings  must  have  been  formed  about  the  planet 
while  subject  to  their  common  orbitual  mo- 
tion and  under  the  full  free  influence  of  all 
the  acting  forces."  Here,  then,  we  have  an 
evident  proof  of  the  consummate  wisdom  of 
the  almighty  Contriver  in  so  nicely  adjusting 
every  thing  in  respect  to  number,  weight,  po- 
sition, and  motion,  as  to  preserve  in  undeviat- 
ing  stability  and  permanency  this  wonderful 
system  of  Saturn ;  and  we  have  palpable  evi- 
dence that  every  thing  conducive  to  this  end 
has  been  accomplished,  from  the  fact  that  no 
sensible  deviation  has  been  observed  in  this 
system  for  more  than  220  years,  or  since  the 
ring  was  discovered ;  nor,  in  all  probability, 
has  there  ever  been  any  change  or  catastrophe 
in  this  respect  since  the  planet  was  first  cre- 
ated and  launched  into  the  depths  of  space. 

Appearance  of  the.  Rings  from  the  Body 
of  Saturn. — These  rings  will  appear  in  the 
firmament  of  Saturn  like  large  luminous 
arches  or  semicircles  of  light,  stretching  across 
the  heavens  from  the  eastern  to  the  western 
horizon,  occupying  the  one  fourth  or  one  fifth 
part  of  the  visible  sky.  As  they  appear  more 
brilliant  than  the  body  of  the  planet,  it  is  pro- 
bable that  they  are  composed  of  substances 
fitted  for  reflecting  the  solar  light  with  peculiar 
splendour,  and  therefore,  will  present  a  most 
magnificent  and  brilliant  aspect  in  the  firma- 
ment of  Saturn.  Their  appearance  will  be 
different  in  different  regions  of  the  planet.  At 
a  little  distance  from  the  equator  they  will  be 
seen  nearly  as  complete  semicircles,  stretching 
along  the  whole  celestial  hemisphere,  and  ap- 
pearing in  their  greatest  splendour.  In  the 
daytime  they  will  present  a  dim  appearance, 
like  a  cloud  or  like  our  moon  when  the  sun 
is  above  the  horizon.  After  sunset  their  bright- 
ness will  increase,  as  our  moon  increases  in 
brilliancy  as  the  sun  disappears,  and  the 
shadow  of  the  globe  of  Saturn  will  be  seen  on 
their  eastern  boundary  directly  opposite  to  the 
sun.  This  shadow  will  appear  to  move  gra- 
dually along  the  rings  till  midnight,  when  it 
will  be  seen  near  the  zenith,  or  the  highest 
point  of  these  celestial  arches.  After  midnight 
it  will  appear  to  decline  to  the  western  horizon, 
where  it  will  be  seen  near  the  time  of  the 
rising  of  the  sun.  After  sunrise  the  brightness 


decays,  and  it  appears  like  a  cloudy  arch 
throughout  the  day.  The  following  circum- 
stances will  add  to  the  interest  of  this  aston- 
ishing spectacle  :  1.  The  rapid  motion  of  the 
rings,  which  will  appear  to  move  from  the 
eastern  horizon  to  the  zenith  in  two  houis  and 
a  half.  2.  The  diversity  of  surf  ace  which  the 
rings  will  exhibit ;  for  if  we  can  trace  inequa- 
lities upon  these  rings  by  the  telescope  at  the 
distance  of  more  than  800,000,000  of  miles, 
much  more  must  the  inhabitants  of  Saturn 
perceive  all  the  variety  with  which  they  are 
adorned  when  they  are  placed  so  near  them 
as  the  one  eighth  part  of  the  distance  of  our 
moon.  Every  two  or  three  minutes,  there- 
fore, a  new  portion  of  the  scenery  of  the  rings 
will  make  its  appearance  in  the  horizon  with 
all  their  diversified  objects;  and  if  these  rings 
be  inhabited,  the  various  scenes  and  operations 
connected  with  their  population  might  be  dis- 
tinguished from  the  surface  of  Saturn  with 
such  eyes  as  ours,  aided  by  our  most  powerful 
telescopes.  3.  The  motion  of  the  shadow  of 
the  globe  of  Saturn  in  a  direction  contrary  to 
the  motion  of  the  rings,  which  shadow  will 
occupy  a  space  of  many  thousand  miles  upon 
the  rings,  will  form  another  variety  of  scenery 
in  the  firmament.  4.  If  the  two  rings  revolve 
around  the  planet  in  different  periods  of  time, 
the  appearance  in  the  celestial  vault  will  be 
still  more  diversified  ;  then  one  scene  will  be 
seen  rising  on  the  upper,  and  another  and  a 
different  scene  rising  on  the  lower  ring ;  and, 
through  the  opening  between  the  rings,  the 
stars,  the  planets,  and  one  or  two  of  the  satel- 
lites may  sometimes  appear. 

Near  the  pular  regions  of  the  planet  only  a 
comparatively  small  portion  of  the  rings  will 
appear  above  the  horizon,  dividing  the  celes- 
tial hemisphere  into  two  unequal  parts,  and 
presenting  the  same  general  appearance  now 
described,  but  upon  a  smaller  scale.  Towards 
the  polar  points  the  rings  will,  in  all  probabi- 
lity, be  quite  invisible.  During  the  space  of 
fourteen  years  and  nine  months,  which  is  half 
the  year  of  this  planet,  the  sun  shines  on  the 
one  side  of  these  rings  without  intermission, 
and  during  the  same  period  he  shines  on  the 
other  side.  During  nearly  fifteen  years,  there, 
fore,  the  inhabitants  on  one  side  of  the  equatoi 
will  be  enlightened  by  the  sun  in  the  daytime 
and  the  rings  by  night,  while  those  on  the 
other  hemisphere,  who  live  under  the  dark 
side  of  the  ring,  suffer  a  solar  eclipse  of  fifteen 
years'  continuance,  during  which  they  never 
see  the  sun.  At  the  time  when  the  sun  ceases 
to  shine  on  one  side  of  the  ring  and  is  about 
to  shine  on  the  other,  the  rings  will  be  invi- 
sible for  a  few  days  or  weeks  to  all  the  inhabit- 
ants of  Saturn. 

At  first  view  we  might  be  apt  to  suppose 
that  it  miist  be  a  gloomy  situation  for  those 
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who  live  under  the  shadow  of  the  rings  during 
so  long  a  period  as  fifteen  years ;  but  we  are 
not  acquainted  with  all  the  circumstances  of 
their  situation,  or  the  numerous  beneficent 
contrivances  which  may  tend  to  cheer  them 
during  this  period,  and,  therefore,  are  not  war- 
ranted to  conclude  that  such  a  situation  is 
physically  uncomfortable.  We  know  that 
they  enjoy  the  light  of  their  moons  without 
almost  any  interruption ;  sometimes  two, 
sometimes  four,  and  sometimes  all  their  seven 
moons  are  shining  in  their  hemisphere  in  one 
bright  assemblage.  Besides,  during  this  period 
is  the  principal  opportunity  they  enjoy  of  con- 
templating the  starry  firmament,  and  survey- 
ing the  more  distant  regions  of  the  universe, 
in  which  they  may  enjoy  a  pleasure  equal,  if 
not  superior,  to  what  is  felt  amid  the  splendour 
of  the  solar  rays  ;  and  it  is  not  improbable  that 
multitudes  may  resort  to  these  darker  regions 
for  the  purpose  of  making  celestial  observa- 
tions ;  for  the  bright  shining  of  the  rings  dur- 
ing the  continuance  of  night  will,  in  all  pro- 
bability, prevent  the  numerous  objects  in  the 
starry  heavens  from  being  distinguished.  The 
very  circumstances,  then,  which  might,  at  first 
view,  convey  to  our  minds  images  of  gloom 
and  horror,  may  be  parts  of  a  system  in  which 
are  displayed  the  most  striking  evidences  of 
beneficent  contrivance  and  design.  It  must 
be  a  striking  scene  when  the  sun  is  of  a  sud- 
den altogether  intercepted,  without  any  appa- 
rent cause,  not  to  return  for  fifteen  years  ; 
and,  on  the  other  hand,  when,  at  the  end  of 
this  period,  his  light  again  bursts  all  at  once 
upon  the  astonished  beholders,  closing  up,  as 
it  were,  the  prospects  of  the  firmament,  and 
diffusing  his  splendour  on  every  surrounding 
object ;  and  both  events  may  be  attended  with 
sentiments  of  admiration  and  emotions  of  de- 
light. At  certain  times  of  the  year  of  Saturn, 
and  in  certain  latitudes  from  his  equator,  the 
sun  will  be  eclipsed  for  a  short  time,  every 
day  at  noon,  by  the  upper  part  of  the  exterior 
ring,  according  as  he  declines  more  or  less  to 
the  opposite  side ;  and  sometimes  he  will  be 
partially  eclipsed  by  the  under  side  of  the  ex- 
terior ring  and  the  upper  side  of  the  interior, 
and  sometimes  will  be  seen  moving  along  the 
interval  which  separates  these  rings. 

The  following  figures  are  intended  to  con- 
vey a  rude  idea  of  the  objects  connected  with 
the  firmament  of  Saturn. 

Fig.  59,  represents  the  appearance  of  the 
rings  at  a  little  distance  from  the  planet's 
equator,  where  they  will  appear  nearly  as  com- 
plete semicircles.  A  B  represents  a  portion 
of  the  globe  of  Saturn ;  C  D  the  shadow  of 
Saturn,  as  it  appears  upon  the  rings  at  mid- 
night, after  which  it  will  appear  to  move  gra- 
dually to  the  west  till  sunrise,  when  it  will 
disappear  below  the  horizon.  The  sun,  partly 
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eclipsed  by  the  upper  and  lower  edge  of  the 
rings  in  the  daytime,  is  represented  at  e,  f,  g, 
and  h.  The  other  objects  are  some  of  the  sa- 
tellites in  different  phases,  and  the  fixed  stars, 
of  which  few  will  probably  be  seen,  some  of 
them  within  and  some  of  them  beyond  tho 
Fig.  59. 


Fig.  60. 

rings.  Fig.  60,  represents  the  rings  as  they 
will  appear  from  places  near  the  polar  regions 
of  the  planet,  from  which  situations  they  will 
appear  as  only  small  segments  of  circles  near 
the  horizon.  The  nearer  the  pole,  the  smaller 
the  circles  will  appear. 

From  the  above  description,  it  appears  that 
there  is  a  great  variety  in  the  scenery  pre- 
sented in  the  firmament  of  Saturn  ;  and  this 
scenery  is  different  as  viewed  from  different 
regions  of  the  planet.  From  the  regions  near 
the  equator  the  rings  will  appear  to  the 
greatest  advantage  and  in  all  their  splendour. 
From  these  positions  the  various  objects  con- 
nected with  the  rings  will  be  most  distinctly 
observed,  as  the  spectators  will  be  at  the 
nearest  distance  from  the  inner  ring,  which  is 
about  thirty  thousand  miles.  At  the  latitude 
of  45°  they  will  be  twenty  thousand  miles 
further  from  them ;  they  will  appear  at  a 
much  lower  elevation  abave  the  horizon,  a 
smaller  portion  of  their  curve  will  be  seen, 
and  their  breadth  will  occupy  a  less  space  in 
the  heavens.  At  a  higher  latitude  a  still 
smaller  portion  will  be  seen,  till  they  dwindle 
to  a  small  curve  or  speck  of  light'in  the  hcri- 
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ion ;  and  at  the  polos  they  will  be  quite  invi- 
sible by  the  interposition  of  the  equatorial  parts 
of  the  planet.  Immediately  under  the  equator 
the  light  of  the  rings  will  be  scarcely  visible, 
but  the  sun  will  occasionally  illuminate  the 
under  edge  of  the  interior  ring,  at/,  e,  D,  and 
other  places ;  which,  at  night,  will  appear  like 
a  narrow  luminous  arch  stretching  directly 
across  the  zenith  from  the  eastern  to  the  west- 
ern horizon,  and  diveisified  with  the  motion 
of  the  shadow  of  Saturn.  Besides  the  different 
appearances  of  the  starry  regions,  the  various 
aspects  of  the  moons,  some  of  them  rising, 
setting,  and  culminating,*  some  of  them  ap- 
pearing as  crescents,  half  moons,  and  full  en- 
lightened hemispheres,  some  entering  into  an 
eclipse,  and  some  emerging  from  it,  and  all  of 
them  appearing  to  move  with  a  rapid  velocity 
around  the  sky,  will  greatly  add  to  the  variety 
and  diversity  of  scenery  which  appears  in  the 
firmament  of  this  planet.  This  diversity  of 
aspect,  which  the  scenery  of  nature  presents 
from  different  regions  of  the  planet,  will,  in 
all  probability,  have  a  tendency  to  promote 
frequent  intercourses  among  the  different  tribes 
of  its  inhabitants,  in  order  to  contemplate  the 
different  scenes  of  nature  and  providence  dis- 
played throughout  this  spacious  and  magnifi- 
cent globe.  All  these  circumstances,  properly 
considered,  form  of  themselves  a  presumptive 
argument  to  prove  that  the  sublime  and  ex- 
quisite contrivances  connected  with  this  planet 
were  not  intended  merely  to  illuminate  barren 
sands  and  hideous  desarts,  but  to  afford  a  com- 
fortable and  magnificent  habitation  for  thou- 
sands of  millions  of  rational  inhabitants,  who 
employ  their  faculties  in  the  contemplation  of 
the  wonders  which  surround  them,  and  give 
to  their  Creator  the  glory  which  is  due  to  his 
name. 

It  has  often  been  asked  as  a  mysterious 
question,  "  What  is  the  use  of  the  rings  with 
which  Saturn  is  environed  1"  This  is  a 
question  which  I  conceive  there  is  no  great 
difficulty  in  answering.  The  following  con- 
siderations will  go  a  great  way  in  determin- 
ing this  question  :  1.  They  are  intended  to 
produce  all  the  varieties  of  celestial  and  ter- 
vestial  scenery  which  I  have  described  above, 
and  doubtless  other  varieties  with  which  we 
are  unacquainted  ;  and  this  circumstance  of 
itself,  although  we  could  devise  no  other  rea- 
son, might  be  sufficient  to  warrant  the  Creator 
to  deviate  from  his  general  arrangements  in 
respect  to  the  other  planets.  For  variety  is 
one  characteristic  of  his  plans  and  operations, 
both  in  respect  to  the  objects  on  our  globe  and 
lo  those  which  exist  throughout  the  planetary 
system,  and  it  is  accordant  with  those  desires 

*  A  heavenly  body  is  said  to  culminate  when  it 
comes  to  the  meridian,  or  the  highest  point  of  its 
diurnal  course. 


for  novelty  and  variety  which  are  implanted 
in  the  minds  of  intelligent  beings.  2.  They 
are  intended  to  give  a  display  of  the  grandeur 
of  the  Divine  Being,  and  of  the  effects  of  his 
omnipotence.  They  are  also  intended  to 
evince  his  inscrutable  wisdom  and  intelligence 
in  the  nice  adjustment  of  their  motions  and 
positions,  so  as  to  secure  their  stability  and 
permanency  in  their  revolutions,  along  with  the 
planet,  around  the  sun.  3.  They  are  doubtless 
intended  to  teach  us  what  varied  scenes  of  sub- 
limity and  beauty  the  Deity  has  introduced  or 
may  yet  introduce  into  various  regions  through- 
out the  universe.  We  are  acquainted  with  only 
a  few  particulars  respectiong  one  planetary 
system ;  but  we  have  every  reason  to  conclude 
that  many  millions  of  similar  or  analogous 
systems  exist  throughout  the  unlimited  regions 
of  space.  In  some  of  those  systems  the  ar- 
rangements connected  with  the  worlds  which 
compose  them  may  be  as  different  from  those 
of  our  globe  and  some  of  the  other  pla- 
nets, as  the  arrangements  and  apparatus  con- 
nected with  Saturn  are  different  from  those 
of  the  planet  Vesta  or  Mars.  Around  some  of 
these  v/orlds  there  may  be  thrown  not  only  two 
concentric  rings,  but  rings  standing  at  right 
angles  to  each  other,  and  inclosing  and  re- 
volving round  .each  other;  yea,  for  aught  we 
know,  there  may  be  an  indefinite  number  of 
rings  around  some  worlds,  and  variously  in- 
clined to  each  other,  so  that  the  planet  may 
appear  like  a  terrestial  globe  suspended  in  the 
middle  of  an  armillary  sphere ;  and  all  those 
rings  may  be  revolving  within  and  around 
each  other  in  various  directions  and  in  differ- 
ent periods  of  time,  so  as  to  produce  a  variety 
and  sublimity  of  aspect  .of  which  we  can 
form  no  adequate  conception.  There  is  no- 
thing irrational  or  extravagant  in  these  suppo- 
sitions ;  for,  had  we  never  discovered  the  rings 
of  Saturn,  we  could  have  formed  no  concep- 
tion of  such  an  appendage  being  thrown 
around  any  world,  and  it  would  have  been 
considered  in  the  highest  degree  improbable 
and  romantic  had  any  one  broached  the  idea. 
We  are  therefore  led  to  conclude,  from  the 
characteristic  of  variety  impressed  on  the  uni- 
verse, that  Saturn  is  not  the  only  planet  in 
creation  that  is  surrounded  with  such  an  appa- 
ratus, and  that  the  number  and  position  of  its 
rings  are  not  the  only  models  according  to 
which  the  planetary  arrangements  in  other 
systems  may  be  constructed. 

4.  Besides  the  considerations  now  stated, 
the  chief  use,  I  presume,  for  which  these  rings 
were  created  was,  that  they  might  serve  as  a 
spacious  abode  for  myriads  of  intelligent 
creatures.  If  we  admit  that  the  globe  of  Sa- 
turn was  formed  for  the  reception  of  rational 
inhabitants,  there  appears  no  reason  why  we 
should  not  also  admit  that  the  rings  were  con- 
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structed  chiefly  for  the  same  purpose.     These 
rings,  as  we  have  already  seen,  contain  a  sur- 
face of  about  thirty   thousand  millions   of 
square  miles ;  and,  if  all  the  other  planets  be 
inhabited,  it  is  not   likely  that  the   Creator 
would  leave  a  space  equal  to  nearly  600  times 
the  habitable  parts  of  our  globe  as  a  desolate 
waste,  without  any  tribes  of  either  sensitive  or 
intelligent  existence.     It  forms  no  objection 
to  this  idea  that  the  rings  are  flat,  and  not 
globular  like  the  planets ;  for  the  Creator  can 
arrange  any  figure  of  a  world  into  a  suitable 
abode  for  intelligent  beings  ;  and  on  our  globe 
we  find  myriads  of  animated  beings  fitted  for 
every  mode  of  existence,  and  in  situations 
where  we  should  scarcely  ever  have  expected 
to  see  them.     Besides,  three  or  four  centuries 
have  scarcely  elapsed  since  the  earth  was  ge- 
nerally considered  as  a  plane  indefinitely  ex- 
tended ;  and   the  idea  of  its  being  a  globe, 
inhabited  on  all  sides,  was  scouted  as  untena- 
ble, and  considered  far  more  ridiculous  than  it 
can  be  now  to  suppose  the  flat  rings  of  Saturn 
as  serving  the  purpose  of  a  habitable  world. 
What  should  hinder  them  from  serving  this 
purpose  as  well  as  the  globe  of  Saturn  1  They 
are  solid  arches,  which  is  evident  from  their 
shadows  and  their  rapid  motion  ;  they  contain 
an  ample  space  for  an  immense  population ; 
they  have  the  power  of  attraction,  like  other 
material  substances  connected  with  the  solar 
system ;  they   are  capable   of  being  adorned 
with  as  great  a  diversity  of  surface,  and  as 
great  a  variety  of  beautiful  and  sublime  ob- 
jects, as  this  earth  or  any  other  of  the  planetary 
bodies  ;  and  it  can  make  no  great  difference  in 
the  enjoyments  of  sentient  and   intellectual 
beings  whether  they  live  on  a  globe,  a  spheroid, 
a  cylinder,  or  a  plane  surface,  which  the  hand 
of  Wisdom    and   Omnipotence  has   prepared 
for  their  reception  ;  while  it  displays,  at  the 
eame  time,  the  variety  of  modes  in  which  the 
Universal  Parent  can  convey  happiness  to  his 
numerous  offspring.     It  may,  perhaps,  be  ob- 
jected to  the  idea  of  the  habitability  of  these 
rings,  that,  while  one  side  is  enlightened  dur- 
ing  fifteen   years   without   intermission,   the 
other  side  remains  in  the  dark   during  the 
same  period.     But  the  same  thing  happens  to 
extensive  regions  on  the  globe  of  Saturn  ;  and, 
doubtless,  arrangements  are  made  for  the  en- 
joyment of  the  inhabitants  in  both  cases  during 
this  period.     They  enjoy  in   succession,  and 
sometimes  all  at  once,  the  light  reflected  from 
at  least  seven  moons,  and  they  behold  occa- 
sionally the  body  of  Saturn  reflecting  the  solar 
rays  from  certain  parts  of  its  surface,  and  ap- 
pearing like  a  vast  luminous  crescent,  in  dif- 
ferent degrees  of  lustre,  suspended  in  the  sky. 
(See  p.  88.) 

Many  other  views  and  descriptions  might 
be  given  of  the  phenomena  connected  with 
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the  system  of  Saturn,  were  it  not  that  I  do 
not  wish  to  exhaust  the  patience  of  the  reader 
by  dwelling  too  long  on  one  subject.  The 
circumstance  of  two  concentric  rings  being 
thrown  around  a  planet,  however  simple  it 
may  at  first  sight  appear,  involves  in  it  an  im- 
mense variety  of  peculiar  and  striking  pheno- 
mena, in  regard  both  to  the  inhabitants  of  the 
planet  and  of  the  rings,  so  that  it  is  difficult  for 
the  mind  to  form  a  precise  and  definite  con- 
ception of  every  particular.  To  acquire  even 
a  general  view  of  such  phenomena,  it  would 
be  requisite  to  construct  a  pretty  large  ma- 
chine, representing  the  system  of  Saturn,  in 
all  its  known  motions  and  proportions,  and  to 
make  it  revolve  around  a  central  light.  An 
instrument  of  this  kind  is  as  necessary  for 
illustrating  the  subject  on  which  we  have 
been  descanting,  as  an  orrery  or  planetarium 
to.  illustrate  the  seasons  and  the  planetary 
motions. 

Telescopic  Views  of  Saturn  and  its  Rings. 
— As  these  rings  present  a  variety  of  aspects 
as  seen  from  different  parts  of  the  planet,  so 
they  appear  to  assume  a  different  appearance 
at  different  times  when  viewed  through   our 
telescopes.     Sometimes  the  planet  appears  to 
be  completely  divested  of  its  rings ;  sometimes 
they  appear  only  like  a  short  luminous  line  or 
streak  on  each  side  of  its  body ;  sometimes  they 
appear  like  handles  on  each  side  of  the  planet  • 
and  at  other  times  like  a  large  ellipse  or  oval  al 
most  surrounding  the  body  of  the  planet.  These 
varied  aspects  of  the  rings  are  owing  to  the 
following   circumstances.      The   rings   never 
stand   at  right  angles  to  our  line  of  vision; 
otherwise  we  should  see  them  as  represented 
in  Fig.  58,  (p.  84.)     Our  eye  is  never  ele- 
vated more  than  thirty  degrees  above  the  plane 
of  the  rings.     The  plane  of  these  rings  pre- 
serves a  position  parallel  to  itself  in  every  part 
of  the  planet's  revolution,  being  constantly  in- 
clined at  the  same,  or  nearly  the  same  angle 
to  the  orbit  and  to  the  ecliptic,  which  angle  is 
about   twenty-nine   or   thirty   degrees.     The 
nodes  of  the  rings  lie  in   190°  and  350°  of 
longitude,  which  correspond  to  the  twentieth 
degree  of  Virgo  and  the  twentieth  of  Pisces. 
When,  therefore,  the  planet  is  in  these  points, 
the  rings  entirely  disappear,  because  the  thin 
edge  of  the  outer  ring  only  is  turned  towards 
our  eye,  and  every  trace  of  it  is  lost  for  some 
time,  except  the  shadow  of  it,  which  appears 
like  a  dark  belt  across  the  planet.     This  disap- 
pearance  happens   once  every  fifteen  years, 
but  frequently  with  different   circumstances. 
Two  disappearances  and  two  reappearances 
may  occur  in  the  same  year,  but  never  more. 
When  Saturn  is  in  the  longitude  above  stated, 
the  plane  of  the  rings  passes  through  the  sun, 
and,  the  light  then  falling  upon  it  edgewise,  it 
is  to  us  no  longer  visible.     The  rings  likewise 


THE  PLANET  URANUS. 


91 


disappear  when  their  plane  passes  through 
the  earth  ;  for  its  edge  being  then  directed  to 
the  eye,  and  being  too  fine  to  be  seen,  the 
planet  appears  quite  round  and  unaccompanied 
with  its  rings.  When  the  earth  is  placed  on 
the  side  of  the  rings  which  is  turned  from  the 
sun,  we  have  a  third  cause  of  its  disappear- 
ance. As  the  planet  passes  from  the  ascend- 
ing to  the  descending  node  of  the  rings,  the 
northern  side  of  their  plane  is  turned  towards 
the  sun.  As  it  passes  from  the  descending  to 
the  ascending  node,  the  southern  side  of  the 
rings  is  enlightened.  In  proportion  as  it  re- 
cedes from  these  nodes,  the  rings  appear  to 
widen  and  to  present  a  broader  ellipsis,  till  it 
arrives  at  90°  from  either  node,  or  in  80°  or 
260°  of  longitude,  corresponding  to  20°  of 
Gemini  and  20°  of  Scorpio;  at  which  time  the 
rings  will  be  seen  to  the  greatest  advantage, 
and  appear  almost  surrounding  the  globe  of 
Saturn.  At  the  time  of  the  greatest  opening 
of  the  rings,  their  shorter  diameter  appears 
exactly  one  half  of  the  longer  diameter. 

The  following  figures  represent  the  differ- 
ent appearances  of  the  rings,  during  half  the 
period  of  the  revolution  of  Saturn,  as  seen 
through  good  telescopes.  Fig.  60  shows  the 


appearance  of  Saturn  when  the  plane  of  the 
ring  is  parallel  to  the  line  of  vision,  and  its 
thin  edge  turned  to  the  eye.  In  this  manner 
the  planet  appeared  during  the  months  of 
October,  November,  and  part  of  December, 
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1832,  when  nothing  was  perceptible  except 
the  dark  shade  across  its  disk,  as  represented 
in  the  figure.  The  first  time  the  weather  per- 
mitted observations  on  Saturn  about  this  pe- 
riod was  December  27,  when  I  perceived  the 
ring,  with  a  power  of  180,  appearing  like  a 
fine  thread  of  light  on  each  side  of  the  planet, 
as  represented  Fig.  61.  About  the  beginning 
of  October  the  plane  of  the  ring  passed 
through  the  centre  of  the  sun.  At  that  time 
the  inhabitants  of  Saturn,  who  had  previously 
been  in  darkness,  would  perceive  the  margin 
of  the  sun  projecting  over  the  edge  of  the 
ring  like  a  brilliant  streak  of  light,  and,  in  the 
course  of  about  four  of  our  days,  or  nine  days 
of  Saturn,  the  whole  body  of  the  sun  would 
appear  above  the  plane  of  the  ring,  gradually 
rising  a  little  higher  every  day,  as  he  does 
after  the  21st  March  to  the  north  pole  of 
the  earth.  The  ring  began  to  appear  a  little 
larger  during  the  months  of  January,  Febru- 
ary, and  March,  1833  ;  but  in  April  it  again 
disappeared,  as  the  earth  was  then  in  the  plane 
of  the  ring,  and  it  continued  invisible  till  near 
the  end  of  June.  After  which  it  again  ap- 
peared, as  represented  in  Fig.  61,  and  will 
now  continue  visible  till  the  year  1847,  when 
it  will  again  disappear.  In  about  a  year  after 
its  second  disappearance,  it  appeared  as  in 
Fig.  62.  In  about  a  year  and  a  half  after- 
ward the  opening  between  the  rings  appeared 
wider,  as  in  Fig.  63  ;  and  in  1837  it  appeared 
as  in  Fig.  64.  In  Fig.  65  the  rings  are  re- 
presented at  the  utmost  extent  in  which  they 
are  ever  seen,  along  with  the  dark  space  that 
separates  the  two  rings,  which  can  only  be 
distinguished  by  a  telescope  magnifying  from 
220  to  300  times.  In  this  position*  it  will  be 
gaen  in  1840  ;  after  which  it  will  pass  through 
f.11  the  gradations  here  represented,  appear- 
ing narrower  every  year  till  1847,  when  it 
will  be  seen  as  in  Fig.  61  ;  soon  after  which 
it  will  entirely  disappear,  and  the  planet  will 
be  seen  as  if  divested  of  its  ring,  as  represented 
in  Fig.  60.  Such  are  the  various  aspects  under 
which  Saturn  and  its  rings  appear,  as  viewed 
through  powerful  telescopes. 

IX.    ON  THE  PLANET  UIlAJfUS. 

Since  the  time  of  Newton,  when  the  physi- 
cal causes  of  the  celestial  motions  began  to 
be  studied  and  investigated,  astronomers  have 
had  their  attention  directed  to  the  power  or 
influence  which  the  planetary  bodies  exert 
upon  each  other.  This  power  is  termed  at- 
traction or  gravitation,  and  is  inherent  in  all 
material  substances,  so  far  as  our  knowledge 
extends.  It  is  exerted  in  proportion  to  the 
quantity  of  matter  and  the  distances  of  the 
respective  bodies ;  the  planets,  in  their  nearest 
approach  to  each  other,  causing  some  slight 
deviations  in  their  orbits  and  motions.  Some 
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disturbances  or  inequalities  in  the  motions  of 
Jupiter  and  Saturn,  which  could  not  be  ac- 
counted for  from  the  mutual  action  of  these 
planets,  led  certain  astronomers  to  conclude 
that  another  planet  of  considerable  magnitude 
existed  beyond  the  orbit  of  Saturn,  by  the 
action  of  which  these  irregularities  were  pro- 
duced. It  was  not,  however,  till  near  the 
close  of  the  eighteenth  century  that  this  happy 
conjecture  was  realized  and  confirmed.  To 
the  late  Sir  W.  Herschel  astronomy  is  in- 
debted for  discovering  a  new  primary  planet, 
which  had  been  previously  unknown  to  all 
astronomers. 

This  illustrious  astronomer,  when  residing 
in  Bath,  had  constructed  reflecting  telescopes 
of  a  larger  size  and  with  higher  powers  than 
any  that  had  been  previously  in  use,  and  had 
devoted  his  unwearied  attention  to  celestial 
observations.  While  pursuing  a  design  which 
he  had  formed,  of  making  minute  observations 
on  every  region  of  the  heavens,  on  the  13th 
of  March,  1781,  while  examining,  with  one 
of  his  best  telescopes,  the  constellation  of 
Gemini,  he  observed  a  star  near  the  foot  of 
Castor,  the  light  of  which  appeared  to  differ 
considerably  from  that  of  the  neighbouring 
stars,  or  those  which  he  found  described  in 
catalogues.  On  applying  a  higher  magnify- 
ing power  it  appeared  evidently  to  increase  in 
diameter;  and  two  days  afterward  he  per- 
ceived that  its  place  was  changed,  and  that  it 
had  moved  a  little  from  its  former  position. 
From  these  circumstances  he  concluded  that 
it  was  a  comet,  and  sent  an  account  of  it  as 
such  to  the  astronomer  royal.  As  a  comet, 
however,  it  seemed  particularly  singular  that 
no  tail  or  nebulous  appearance  could  be  per- 
ceived ;  on  the  contrary,  it  was  found  to  show 
with  a  faint  steady  light,  somewhat  paler  than 
that  of  Jupiter.  The  account  of  this  disco- 
very soon  spread  throughout  Europe,  and  was 
confirmed  by  observations  made  at  Paris, 
Vienna,  Milan,  Pisa,  Berlin,  and  Stockholm. 
The  star  was  for  some  time  generally  consi- 
dered as  an  extraordinary  comet,  free  of  all 
nebulosity,  and  astronomers  were  occupied 
in  determining  the  parabolic  elements  of  its 
course.  "The  President  Bochard  de  Saron, 
of  the  Academy  of  Sciences  of  Paris,  and 
Lexel,  an  astronomer  of  St.  Petersburg,  who 
was  in  London  at  the  time,  were  the  first  who 
discovered  its  circular  form,  and  calculated  the 
dimensions  of  its  orbit  It  was  no  longer 
doubted  that  Herschel's  star  was  a  new  planet ; 
and  all  subsequent  observations  verified  this 
unexpected  result."*  We  have  here  a  strik- 
ing proof  of  the  perfection  of  modern  theories ; 
for  the  laws  regulating  the  motion  of  this 

*  Biographical  Memoir  of  Sir  W.  Herschel,  by 
Baron  Fourier.    Read  to  the  Royal  Academy  of 
Sciences,  June  7,  1824. 
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new  planet  were  determined  before  it  had  ac- 
complished the  twentieth  part  of  its  course, 
and  that  motion  was  not  less  accurately  know« 
than  that  of  other  planets  which  had  been  ob- 
served during  so  many  centuries.  Since  its 
discovery  to  the  present  time,  it  has  not  yet 
moved  much  more  than  two-thirds  of  a  revo- 
lution round  the  sun  ;  and  yet  its  motions  are 
calculated,  and  its  place  in  the  heavens  pre- 
dicted, with  as  much  accuracy  and  certainty 
as  those  of  the  other  planets,  a  circumstance 
which  demonstrates  the  precision  of  modern 
astronomers,  and  which  should  lead  the  unskil- 
ful in  astronomy  to  rely  on  the  deductions  of 
this  science,  however  far  they  may  transcend 
their  previous  conceptions. 

When  the  motion  of  this  new  planet  was 
calculated,  the  points  of  the  heavens  which  it 
successively  occupied  during  the  preceding 
century  could  be  pointed  out ;  and  it  occurred 
to  some  astronomers  that  it  might  possibly 
have  been  observed  before,  though  not  known 
to  be  a  planet.  Mr.  Bode,  of  Berlin,  who 
had  just  published  a  work  containing  all  the 
catalogues  of  zodiacal  stars  which  had  ap- 
peared, was  induced  to  consult  these  cata- 
logues in  order  to  discover  whether  any  star 
marked  by  one  astronomer,  and  omitted  by 
another,  might  not  be  the  new  planet  in  ques- 
tion. In  ihe  course  of  this  inquiry  he  found 
that  the  star  No.  964  in  Mayer's  catalogue 
had  been  unobserved  by  others,  and  observed 
only  once  by  Mayer  himself,  so  that  no  mo- 
tion could  have  been  perceived  by  him.  On 
this  Mr.  Bode  immediately  directed  his  tele- 
scope to  that  part  of  the  heavens  where  he 
might  expect  to  find  it,  but  without  success. 
At  the  same  time  he  found,  by  calculation, 
that  its  apparent  place  in  the  year  1756  ought 
to  have  been  that  of  Mayer's  star,  and  this 
was  one  of  the  years  in  which  he  was  busied 
in  his  observations  ;  and,  on  further  inquiry, 
it  was  found  that  the  star  964  had  been  dis- 
covered by  Mayer  on  the  15th  of  September, 
1756  ;  so  that  it  is  now  believed  that  this  star 
was  the  new  planet  of  Herschel.  It  appears 
likewise  that  this  star  was  seen  several  times 
by  Flamstead,  the  astronomer  royal,  in  the 
year  1690;  once  by  Bradley;  and  eleven 
times  by  Lemonnier ;  all  of  whom  considered 
it  as  one  of  the  fixed  stars,  but  never  sus- 
pected that  it  was  a  planetary  body.  The 
discovery  of  this  planet  enlarges  our  views  of 
the  extent  of  the  solar  system,  and  of  the 
quantity  of  matter  it  contains,  far  more  than 
if  planets  equal  to  Mercury,  Venus,  the  Earth, 
the  Moon,  Mars,  Vesta,  Juno,  Ceres,  and  Pal- 
las, were  to  be  added  to  that  system ;  for,  al- 
though it  is  scarcely  distinguishable  by  the 
naked  eye  on  the  vault  of  heaven,  it  is  more 
than  twenty  times  larger  than  all  these  bodies 
taken  together. 
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After  this  body  was  ascertained  to  belong 
to  the  planetary  system,  it  became  a  subject 
of  consideration  by  what  name  it  should  be 
distinguished.  The  old  planets  were  distin- 
guished by  names  borrowed  from  the  heathen 
deities,  a  nomenclature  which,  perhaps,  it 
might  now  be  expedient  to  change ;  but  Gali- 
leo and  Cassini  gave  to  the  celestial  bodies 
they  discovered  the  names  of  the  princes  who 
had  patronized  their  labours.  Hence  Galileo, 
when  he  had  discovered  the  satellites  of  Ju- 
piter, sent  his  drawings  of  them  to  his  patron, 
Cosmo  Medici,  Great  Duke  of  Tuscany,  in 
honour  of  whom  he  called  them  Medicean 
stars ;  and  Cassirii  named  the  satellites  of 
Saturn  which  he  discovered  after  Louis  XIV. 
In  imitation  of  these  discoveries,  Sir  W.  Her- 
schel  named  his  newly-discovered  planet  Geor- 
gium  Sidus,  in  honour  of  his  patron  George 
the  Third.  But  foreign  astronomers,  for  a 
considerable  time,  gave  it  the  name  of  Her- 
schet,  in  honour  of  the  discoverer ;  but  after- 
wards hesitated  between  the  names  Cybele, 
Neptune,  and  Uranus.  This  last  name,  de- 
rived from  one  of  the  Nine  Muses  who  pre- 
sided over  astronomy,  ultimately  prevailed, 
and  will  probably  distinguish  this  planet  in 
future  generations,  unless  the  present  nomen- 
clature of  the  planets  be  abolished. 

Distance  and  Period  of  Uranus.-  -Uranus 
is  the  most  distant  planet  of  the  solar  system, 
so  far  as  our  knowledge  yet  extends ;  although 
it  is  by  no  means  improbable  that  planets  may 
exist  even  beyond  its  orbit,  distant  as  it  is ; 
for  comets  pass  far  beyond  the  limits  of  this 
planet,  and  again  return  to  the  vicinity  of  the 
sun.  Its  distance  from  the  sun,  in  round 
numbers,  is  1,800,000,000;  that  is,  eighteen 
hundred  millions  of  miles,  which  is  double 
the  distance  of  the  planet  Saturn.  When 
nearest  the  earth,  it  is  distant  from  us  about 
1,705,000,000  of  miles.  In  order  to  acquire 
a  rude  conception  of  this  distance,  let  us  sup- 
pose a  steam-carriage  to  set  out  from  the 
earth,  and  to  move,  without  intermission, 
twenty  miles  every  hour,  it  would  require 
more  than  nine  thousand,  seven  hundred  and 
thirty  years  before  it  could  reach  the  planet 
Uranus;  so  that,  although  the  journey  had 
been  commenced  at  the  creation  of  our  globe, 
it  would  still  require  more  than  three  thousand 
seven  hundred  years  to  arrive  at  its  termina- 
tion. Even  a  cannon  ball,  flying  at  the  rate 
of  twelve  thousand  miles  every  day,  would 
require  three  hundred  and  eighty-nine  years* 
to  reach  the  nearest  point  of  the  orbit  of  this 
planet.  Yet  the  comet  which  appeared  in 
1835,  in  all  probability,  pursues  its  course  far 
beyond  the  orbit  of  Uranus,  and  will,  doubt- 
less, visit  this  part  of  our  system  again,  as  it 
has  done  before,  within  the  space  of  seventy- 
six  years,  although  it  must  move  more  than 


double  the  above  distance  before  it  returns. 
The  circumference  of  the  orbit  in  which 
Uranus  revolves  about  the  sun  is  11,314,000,- 
000  of  miles,  through  which  it  moves  in  30,- 
686  mean  solar  days,  or  about  eighty*four 
years.  It  is  the  slowest  moving  planet  in  the 
system,  and  yet  it  pursues  its  course  at  the 
rate  of  15,000  miles  every  hour.  Were  a 
steam-carriage  to  move  round  the  immense 
orbit  of  this  planet  at  the  rate  above  stated, 
it  would  require  no  less  than  sixty-four  thou- 
sand, five  hundred  and  seventy  years  before 
this  ample  circuit  could  be  completed ;  and 
yet  a  globe  eighty  times  larger  than  the  earth 
finishes  this  vast  tour  in  eighty-four  years ! 
This  planet  doubtless  revolves  round  its  axis 
as  the  other  planets  do,  but  the  period  of  its 
rotation  is  as  yet  unknown.  Its  great  dis- 
tance from  the  earth  prevents  us  from  observ- 
ing any  spots  or  changes  on  its  surface  by 
which  its  rotation  might  be  determined.  La 
Place  concludes,  from  physical  considerations, 
that  it  revolves  about  an  axis  very  little  in- 
clined to  the  ecliptic ;  and  that  the  time  of  its 
diurnal  rotation  cannot  be  much  less  than 
that  of  Jupiter  or  Saturn. 

Magnitude  and  Dimensions  of  Uranus. — 
This  planet  is  about  35,000  miles,  in  diameter, 
and  110,000  miles  in  circumference,  being 
about  eighty-one  times  larger  than  the  earth, 
and  four  thousand  times  larger  than  the  moon. 
Its  surface  contains  3,848,460,000  of  square 
miles,  which  is  nineteen  times  the  area  of  our 
globe,  and  seventy-eight  times  the  area  of  all 
the  habitable  portions  of  the  earth.  At  the 
rate  of  population  formerly  stated,  280  to  a 
square  mile,  it  could,  therefore,  accommodate 
1,077,568,800,000,  or  more  than  one  billion 
of  inhabitants,  which  is  one  thousand  three 
hundred  and  forty-seven  times  the  population 
of  our  globe.  So  that  this  planet,  which 
escaped  the  notice  of  astronomers  for  more 
than  five  thousand  years,  forms  a  very  consi- 
derable portion  of  the  solar  system  and  of  the 
scene  of  the  Divine  government 

Proportion  of  Light  on  Uranus. — As  this 
planet  is  nineteen  times  further  from  the  sun 
than  the  earth  is,  and  as  the  square  of  19  is 
361,  the  intensity  of  light  on  its  surface  will 
be  three  hundred  and  sixty  times  less  than 
what  we  enjoy.  Yet  this  quantity  of  light  is 
equal  to  what  we  should  have  from  the  com- 
bined effulgence  of  three  hundred  and  forty- 
eight  full  moons ;  and,  with  a  slight  modifica- 
tion of  our  visual  organs,  such  a  proportion 
of  li&ht  would  be  quite  sufficient  for  all  the 
purposes  of  vision.  Though  the  light  of  the 
sun  flies  eighteen  hundred  millions  of  miles 
before  it  reaches  this  planet,  and  returns  again 
by  reflection  nearly  the  same  distance  before 
it  reaches  the  earth,  yet  it  is  distinctly  visible 
through  our  telescopes,  and  sometimes  even  to 
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the  naked  eye ;  and  Uranus,  with  a  moderate 
magnifying  power,  appears  about  as  bright  as 
Saturn.  How  small  a  quantity  of  solar  light 
may  suffice  for  the  purpose  of  vision  will  be 
obvious  by  attending  to  the  following  circum- 
stance :  In  the  late  solar  eclipse  which  hap- 
pened on  the  15th  of  May,  1836,  little  more 
than  the  one  twelfth  part  of  the  sun  was  visi- 
ble at  those  places  where  the  eclipse  was  an- 
nular. Almost  every  person  imagined  that  a 
dismal  gloom  and  darkness  would  ensue,  yet 
the  diminution  of  light  appeared  no  greater 
than  what  frequently  happens  in  a  cloudy 
day.  At  the  time  of  the  greatest  obscuration 
there  was  more  than  half  the  light  which  falls 
upon  Uranus,  and  all  the  objects  of  the  sur- 
rounding landscape,  though  somewhat  defi- 
cient in  brilliancy,  were  distinctly  perceived. 
There  can  be  no  doubt  that  the  organs  of 
vision  of  the  inhabitants  of  the  different  planets, 
being  formed  by  Divine  wisdom,  are  exactly 
adapted  to  the  objects  amid  which  they  are 
placed,  and  the  quantity  of  light  reflected  from 
them ;  and  there  may  be  innumerable  modes, 
unknown  to  us,  by  which  this  end  may  be 
effected.  We  can  easily  conceive,  that  if  the 
pupils  of  our  eyes  were  rendered  capable  of 
a  greater  degree  of  expansion  than  they  now 
possess,  or  were  the  retina,  on  which  the 
images  of  objects  are  depicted,  endowed  with 
a  greater  degree  of  nervous  sensibility,  so  as 
to  be  more  easily  affected  by  the  impulses  of 
light,  we  might  perceive  as  much  splendour  on 
all  the  objects  connected  with  Uranus,  were 
we  placed  on  that  planet,  as  we  now  do  on 
the  scenery  around  us  during  the  brightest 
days  of  summer.  When  we  pass  from  the 
light  of  the  sun  into  a  darksome  apartment, 
on  our  first  entrance  we  can  scarcely  dis- 
tinguish any  objects  with  distinctness  ;  but 
after  remaining  five  or  six  minutes,  till  the 
pupil  has  time  to  expand,  every  object  around 
us  is  readily  perceived ;  and,  from  the  same 
cause,  nocturnal  animals  can  pursue  their 
course  with  ease  and  certainty  amid  the 
deepest  shades  of  night ;  so  that  the  inhabit- 
ants of  the  most  distant  planet  of  our  system, 
although  it  were  removed  from  the  sun  to 
double  the  distance  of  Uranus,  might  perceive 
objects  with  all  the  distinctness  requisite  for 
the  purposes  of  vision ;  and  if  the  pupils  of 
the  eyes  of  such  beings  be  much  more  expan- 
sive than  ours  (as  is  probably  the  case,)  it 
is  highly  probable  they  will  be  enabled  to 
penetrate  much  further  into  the  celestial 
regions,  and  to  perceive  the  objects  in  the 
firmament  with  much  greater  distinctness  and 
"  space-penetrating  power"  than  we  can  do, 
even  with  the  aid  of  instruments.  It  is  like- 
wise probable  that  the  objects  on  the  surface 
of  the  more  distant  planets  of  our  system  are 
fitted  to  reflect  the  rays  of  light  with  peculiar 
(436) 


brilliancy.  Hence  we  find  that  the  light  of 
Uranus,  though  descending  upon  us  from  a 
region  900  millions  of  miles  further  than  Sa 
turn,  appears  as  vivid  as  the  light  which  is 
reflected  to  us  from  that  planet.  The  apparent 
diameter  of  the  sun,  as  seen  from  Uranus,  is 
only  1  minute,  38  seconds ;  whereas  his  mean 
apparent  diameter  as  seen  from  the  earth  is  32 
minutes,  3  seconds ;  consequently  this  orb,  as 
viewed  from  this  planet,  will  appear  very  little 
larger  than  Venus  appears  to  us  in  her  greatest 
brilliancy,  or  Jupiter  when  near  his  opposition. 
The  following  figure  represents  to  the  eye  the 
apparent  size  of  the  sun  as  seen  from  Uranus 
and  from  the  earth,  the  small  circle  represent- 
ing his  size  as  seen  from  Uranus. 
Fig.  66. 


Temperature  of  Uranu*. — If  heat  followed 
the  same  law  as  the  propagation  of  light,  and 
decreased  as  the  square  of  the  distance  of  the 
planet  from  the  sun  increased,  then  the  sur- 
face of  the  planet  Uranus  would  be  a  cold 
region  indeed,  in  which  no  life  or  animation, 
such  as  we  see  around  us,  could  exist.  Baron 
Fourier,  in  his  "  Memoir  of  Herschel,"  says, 
"  Its  temperature  is  more  than  forty  degrees 
below  that  of  ice ;"  and  if  the  degrees  of 
Reaumur's  thermometer  be  meant,  this  tem- 
perature will  correspond  to  one  hundred  and 
twenty-two  degrees  below  the  freezing  point 
of  Fahrenheit;  a  cold  enough  region,  truly. 
In  accordance  with  such  representations,  the 
poets  of  the  last  century  expatiated  on  the 
cold  temperature  of  Saturn  in  such  strains  as 
the  following  : 

"  When  the  keen  north  with  all  its  fury  blows, 
Congeals  the  floods,  and  forms  the  fleecy  snows, 
'Tis  heat  intense  to  what  can  there  be  known ; 
Warmer  our  poles  than  is  its  burning  zone. 
Who  there  inhabit  must  have  other  powers, 
.1'iices,  and  veins,  and  sense,  and  life,  than  ours. 
One  moment's  cold,  like  theirs,  would  pierce  the 

bone, 
Freeze  the  heart's  blood,  and  turn   us   all  to 

stone."  BAKER'S  Universe. 

This,  it  must  be  admitted,  is  a  very  cold 
poetic  strain,  almost  sufficient  to  make  one 
shiver,  and  to  freeze  our  very  thoughts  ;  and 
if  such  a  description  were  applicable  to  Sa- 
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turn,  it  is  much  more  so  to  the  planet  Uranus, 
at  double  the  distance.  But  I  presume  it  is 
more  in  accordance  with  poetic  license  than 
with  the  deductions  of  sound  philosophy. 
We  have.no  valid  reason  to  conclude  that  the 
degree  of  heat  on  the  surfaces  of  the  different 
planets  is  inversely  proportional  to  the  squares 
of  their  respective  distances  from  the  sun. 
The  sun  is  to  be  considered  chiefly  as  the 
great  storehouse  of  light,  and  it  may  likewise 
be  viewed  as  the  great  agent  in  the  production 
of  heat,  without  supposing  it  to  be  an  enor- 
mous mass  of  fire,  which  the  common  opinion 
seems  to  take  for  granted.  Its  rays  produce 
heat  chiefly  by  exciting  an  insensible  action 
between  caloric  and  the  particles  of  matter 
contained  in  bodies ;  and  caloric  appears  to  be 
a  substance  universally  diffused  throughout 
nature.  If  the  degree  of  heat  were  in  pro- 
portion to  the  distance  from  the  sun,  why 
should  the  upper  regions  of  the  atmosphere 
be  so  intensely  cold  ]  Whv  should  the  tops 
of  lofty  mountains  be  crowned  with  perpetual 
snows,  while  the  plains  below  are  scorched 
with  heat?  Why  should  an  intense  cold  be 
felt  in  the  latitude  of  40°,  when  a  comparative 
mildness  is  experienced  in  the  latitude  of  56C1 
In  the  state  of  Connecticut,  North  America, 
in  January,  1835,  the  thermometer  ranged 
from  minus  25°  to  27°  of  Fahrenheit ;  while 
in  Scotland,  during  the  same  period,  it  was 
eeldoni  so  low  as  the  freezing  point.  But  as 
I  have  already  thrown  out  some  remarks  on 
this  subject  when  describing  the  planet  Mer- 
cury, I  need  not  enlarge  (see  page  34.)  In 
order  to  form  correct  ideas  of  the  distribution 
of  heat  among  the  planetary  bodies,  we  have 
only  to  suppose  that  the  Creator  has  propor- 
tioned the  quantity  of  caloric  (or  that  which 
produces  sensible  heat)  to  the  distance  at 
which  every  planet  is  placed  from  the  sun,  so 
that  a  large  quantity  exists  in  Saturn  and  a 
smaller  quantity  in  Mercury.  If,  therefore, 
the  quantity  of  caloric  connected  with  Uranus 
be  in  proportion  to  its  distance  from  the  sun, 
there  may  be  as  much  warmth  experienced  in 
that  distant  region  of  the  solar  system  as  in 
the  mildest  parts  of  our  temperate  zones.  So 
that  we  are  under  no  necessity  of  associating 
the  frigid  and  gloomy  ideas  of  the  poet  with 
our  contemplations  of  this  expansive  globe. 
At  all  events,  we  may  rest  assured  that  the 
Creator,  whose  wisdom  is  infinite  in  its  re- 
sources, and  whose  "  tender  mercies  are  over 
all  his  works,"  has  adapted  the  structure  and 
constitution  of  the  inhabitants  of  every  planet 
to  the  nature  and  circumstances  of  the  habita- 
tion provided  for  them,  so  as  to  render  every 
portion  of  his  dominions  a  comfortable  abode 
for  his  intelligent  offspring ;  provided  they  do 
not  frustrate  his  benevolent  designs  (as  has 
be«n  done  in  our  world)  by  their  rebellion  and 


immoral  conduct  For  in  no  region  of  the 
universe,  whatever  may  be  its  physical  ar- 
rangements, can  true  happiness  be  enjoyed, 
unless  love  to  God  and  love  to  all  surrounding 
intelligences  form  the  grand  principles  of 
action,  and  be  uniformly  displayed  in  every 
intercourse  and  association,  and  amid  all  the 
ramifications  of  moral  conduct.  On  this  basis 
chiefly  rests  the  happiness  of  the  intelligent 
universe ;  and,  wherever  principles  directly 
opposite  to  these  prevail  among  any  order  of 
intellectual  beings,  whatever  may  be  the  struc- 
ture or  scenery  of  their  habitation,  misery  and 
moral  disorder  must  be  the  inevitable  conse- 
quence. 

The  following  additional  particulars  may  be 
stated  in  relation  to  this  planet:  Its  density 
is  reckoned  to  be  nearly  equal  to  that  of  water. 
A  body  weighing  one  pound  on  the  earth's 
surface  would  weigh  only  fourteen  ounces, 
fourteen  drachms,  if  removed  to  Uranus.  The 
eccentricity  of  its  orbit  is  85,000,000  of  miles, 
which  is  about  the  1-42  part  of  its  diameter. 
Its  mean  apparent  diameter,  as  seen  from  the 
earth,  is  about  four  seconds.  The  inclination 
of  its  orbit  to  the  ecliptic  is  forty-six  minutes, 
twenty-six  seconds,  so  that  it  is  never  much 
more  than  three-fourths  of  a  degree  from  the 
ecliptic.  This  inclination  is  less  than  that  of 
any  of  the  other  planetary  orbits.  Six  satel- 
lites are  supposed  to  be  connected  with  Uranus, 
but  their  periods  and  other  phenomena  have 
not  yet  been  accurately  ascertained. 


In  the  preceding  pages  I  have  given  a  brief 
sketch  of  the  principal  phenomena  connected 
with  tbe  primary  planets  of  our  system. 
Whether  any  other  planets  besides  those 
specified  belong  to  this  system  is  at  present 
unknown.  We  have  no  reason  to  believe 
that  the  boundaries  of  the  planetary  system 
are  circumscribed  within  the  range  of  our  dis- 
coveries or  the  limits  of  our  vision.  Within 
the  space  of  little  more  than  half  a  century, 
the  limits  of  this  system  have  been  expanded 
to  our  view  to  double  the  extent  which  they 
were  formerly  supposed  to  comprehend.  In- 
stead of  an  area  of  only  25,400,000,000  of 
square  miles,  it  is  now  found  to  comprise  an 
extent  of  101,700,000,000  of  square  miles, 
which  is  four  times  the  dimensions  formerly 
assigned  to  it.  There  would  be  no  impro- 
bability in  conceiving  it  extended  to  at  least 
triple  these  dimensions.  Within  the  space 
of  twenty-six  years,  from  1781  to  1807,  no 
fewer  than  five  primary  planets  and  eight 
secondaries  were  discovered,  besides  a  far 
greater  number  of  comets  than  had  ever  be- 
fore been  detected  within  a  similar  lapse  of 
years :  and  therefore  it  would  be  obviously 
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rash  and  premature  to  conclude  that  we  have 
now  discovered  all  the  moving  bodies  of  our 
system.  Far  beyond  the  limits  of  even  Uranus 
other  planets  yet  unknown  may  be  performing 
their  more  ample  circuits  around  the  sun  ;  for 
we  know,  from  the  case  of  comets,  that  even 
throughout  those  distant  regions  his  attractive 
power  and  influence  extend.  In  the  immense 
interval  of  900,000,000  of  miles  between  the 
orbits  of  Saturn  and  Uranus,  one,  if  not  two 
planets  may  possibly  exist,  though  they  have 
hitherto  eluded  the  observation  of  astronomers. 
In  order  to  detect  such  bodies,  if  any  exist,  it 
would  be  requisite  to  survey,  more  minutely 
than  has  yet  been  done,  a  zone  of  the  heavens 
extending  at  least  twenty  degrees  on  each 
side  of  the  ecliptic,  marking  exactly  the 
minutest  objects  in  every  part  of  it  which  the 
most  powerful  telescopes  can  enable  us  to 
descry.  After  which  a  second  survey  should 
be  made  to  ascertain  if  any  of  the  bodies 
formerly  observed  be  found  amissing  or  have 
shifted  their  position.  It  might  likewise  be 
expedient  to  compare  with  new  observations 
the  stars  marked  in  all  the  celestial  atlases 
that  have  hitherto  been  published,  and  to  note 
particularly  those  which  are  wanting  where 
they  were  formerly  marked,  and  those  that 
have  appeared  in  certain  places  where  they 
were  formerly  unobserved.  If  a  taste  for 
celestial  investigations  were  more  common 
among  mankind,  and  were  the  number  of 
observers  indefinitely  increased,  there  would 
be  no  great  difficulty  in  accomplishing  such 
an  object;  for  certain  small  portions  of  the 
heavens  might  be  allotted  to  different  classes  of 
observers,  who  might  proceed  simultaneously 
in  their  researches,  and  in  a  comparatively 
short  period  the  whole  survey  might  be  com- 
pleted. 

It  is  not  improbable  that  a  planet  may  exist 
within  the  space  of  37  millions  of  miles  which 
intervenes  between  the  orbit  of  Mercury  and 
the  sun.  But  such  a  body  could  never  be 
detected  in  the  evening  after  sunset,  as  its 
greatest  elongation  from  the  sun  could  not 
be  supposed  to  be  more  than  ten  or  twelve 
degrees,  and,  consequently,  it  would  descend 
below  the  horizon  in  about  half  an  hour  after 
sunset,  and  Iwfore  twilight  had  disappeared. 
The  only  chance  of  detecting  such  a  planet 
would  be  when  it  happened  to  transit  the 
sun's  disk ;  but  as  this  would  happen  only  at 
distant  intervals,  and  as  it  might  make  the 
transit  in  cloudy  weather,  or  when  the  sun  is 
absent  from  our  hemisphere,  there  is  little 
prospect  of  our  discovering  such  a  body  in 
this  way.  It  might  be  of  some  importance, 
however,  that  those  who  make  frequent  ob- 
servations on  the  sun  should  direct  their  atten- 
tion to  this  circumstance ;  as  there  have  been 
some  instances  in  which  dark  bodies  have 
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been  observed  to  move  across  the  sun's  disk 
in  the  space  of  five  or  six  hours,  when  no 
other  spots  were  visible.  An  opaque  body  of 
this  description  was  seen  by  Mr.  Lloft  an  1 
others  on  the  6th  of  January,  1818,  which 
moved  with  greater  rapidity  across  the  solar 
disk  than  Venus  in  her  transit  in  1769.  It  is 
possible  that  a  planet  within  the  orbit  of 
Mercury  might  be  detected  in  the  daytime, 
were  powerful  telescopes  applied  to  a  space 
of  the  heavens  about  ten  or  twelve  degrees 
around  the  sun.  Small  stars  have  been  seen 
even  at  noonday  with  powerful  instruments, 
and,  consequently,  a  planet  even  smaller  than 
Mercury  might  be  perceived  in  the  daytime. 
In  this  case,  a  round  opaque  body  would  re- 
quire to  be  placed  at  a  considerable  distance 
from  the  observer,  so  as  completely  to  inter- 
cept the  body  of  the  sun,  and  about  a  degree 
of  the  heavens  all  around  him ;  and  every 
portion  of  the  surrounding  space,  extending 
to  at  least  twelve  degrees  in  every  direction, 
should  then  be  carefully  and  frequently  ex- 
amined. Such  observations,  if  persevered  in, 
would  undoubtedly  afford  a  chance  of  detect- 
ing any  revolving  body  that  might  exist  within 
such  a  limit.  But  I  may  afterward  have  an 
opportunity  of  describing  more  particularly 
the  observations,  and  the  mode  of  conducting 
them,  to  which  I  allude. 

X.    THE    SUIT. 

Having  taken  a  cursory  survey  of  the  most 
prominent  particulars  connected  with  the 
primary  planets,  I  shall  now  proceed  to  a 
brief  description  of  the  mm,  that  magnificent 
luminary  on  which  they  all  depend,  from 
which  they  derive  light,  and  heat,  and  vivify- 
ing influence,  and  by  whose  attractive  energy 
they  are  directed  in  their  motions  and  retained 
in  their  orbits.  Before  proceeding  to  a  de- 
scription of  the  particular  phenomena  con- 
nected with  the  sun,  it  may  be  expedient 
briefly  to  describe  some  of  his  apparent  mo- 
tions. 

Apparent  Motions  of  the  Sun. — The  mosf 
obvious  apparent  motion  of  the  sun,  which  is 
known  to  every  one,  is,  that  he  appears  t< 
rise  in  the  morning  in  an  easterly  direction 
to  traverse  a  certain  portion  of  the  sky,  and 
then  to  disappear  in  the  evening  in  a  direction 
towards  the  west.  Were  we  to  commence 
our  observations  on  the  21st  of  December,  in 
the  latitude  of  52°  north,  which  nearly  corre- 
sponds to  that  of  London,  we  should  see  the 
sun  rising  near  the  southeast  point  of  the 
horizon,  as  at  S  E,  Fig.  67,  describing  a  com- 
paratively small  curve  above  the  horizon,  from 
S  E  to  S  W,  in  the  southern  quarter  of  the 
heavens,  and  setting  at  S  W,  near  the  south- 
west At  this  season  the  sun  remains  only 
between  seven  and  eight  hours  above  the 
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horizon ;  and  when  he  arrives  at  S,  at  midday, 
which  is  the  highest  point  of  his  elevation,  he 
is  only  about  fourteen  degrees  above  the  hori- 

Fig.  67. 


zon,  whicn  may  be  represented  by  the  line  £ 
B.  After  disappearing  in  our  horizon  in  the 
evening,  he  describes  the  large  curve  from  5 
Wto  W,  N,  and  E,  till  he  again  arrives  in 
the  morning  near  the  point  <S  E.  All  this 
curve  is  described  below  our  horizon,  and, 
therefore,  the  nights  at  this  season  are  much 
longer  than  the  days.  After  this  period  the 
sun  rises  every  day  at  points  a  little  further  to 
the  north,  between  S  E  and  E,  and  sets  in 
corresponding  points  in  the  west,  between  £ 
Wand  W,  till  the  21st  of  March,  when  he 
rises  at  the  point  E,  due  east,  and  sets  due 
west  at  the  point  W.  At  this  time  he  moves 
through  the  semicircle  E,  S,  W,  and  at  noon 
he  rises  to  the  elevation  of  thirty-eight  degrees 
above  the  southern  horizon,  which  may  be 
represented  by  the  line  5  C.  This  is  the 
period  of  the  vernal  equinox,  when  there  is 
equal  day  and  night  throughout  every  part 
of  the  earth,  the  sun  being  twelve  hours  above 
and  twelve  hours  below  the  horizon.  After 
this  period  the  sun  rises  to  the  north  of  the 
easterly  point,  and  sets  to  the  north  of  the 
westerly,  and  the  lenerth  of  the  day  rapidly 
advances  till  the  21st  of  June,  when  he  rises 
near  the  north-east  point,  N  E,  and  sets  near 
the  north-west  point,  AT  W,  describing  the 
large  curve  from  N  E  to  E  S  W,  and  N  W, 
This  period  of  the  year  is  called  the  summer 
solstice,  when  the  days  are  longest,  at  which 
time  the  sun  rises  at  noon  to  an  elevation  of 
61$  degrees  above  the  horizon,  which  may  be 
represented  by  the  line  S  D,  and  he  continues 
above  the  horizon  for  nearly  seventeen  hours. 
The  length  of  the  nights  at  this  time  is  exactly 
the  same  as  the  length  of  the  days  on  the  21st 
of  December.  The  sun's  nocturnal  arch,  or 
the  curve  he  describes  below  the  horizon,  is 


that  which  is  represented  in  the  lower  part 
of  the  figure  from  N  W  to  N  E.  In  more 
southern  latitudes  than  fifty-two  degrees,  the 
sun  rises  to  a  higher  elevation  at  noon  ;  and 
in  higher  latitudes  his  meridian  altitude  is 
less  than  what  is  stated  above.  From  tho 
time  of  the  summer  solstice  the  days  gradually 
shorten ;  the  sun  rises  in  a  more  southerly 
direction  till  the  23d  of  September,  which  is 
called  the  autumnal  equinox,  when  he  again 
rises  in  the  eastern  point  of  the  compass,  and 
every  succeeding  day  at  a  point  still  further  to 
the  south,  till,  on  the  21st  of  December,  or  the 
winter  soktice,  he  is  again  seen  to  rise  near 
the  south-east,  and  afterward  to  pass  through 
all  the  apparent  variations  of  motion  above 
described. 

Were  we  residing  in  southern  latitudes, 
such  as  those  of  Buenos  Ayres,  the  Cape  of 
Good  Hope,  or  Van  Diemen's  Land,  the  ap- 
parent motions  of  the  sun  would  be  somewhat 
different.  Instead  of  beholding  the  sun 
moving  along  the  southern  part  of  the  sky 
from  the  left  hand  to  the  right,  we  should  see 
him  direct  his  course  along  the  northern  part 
of  the  heavens  from  the  right  hand  to  the 
left.  In  other  respects  his  apparent  motions 
would  nearly  correspond  to  those  above  de- 
scribed. Were  we  placed  in  countries  under 
the  equator  at  the  time  of  the  equinoxes,  the 
sun  at  midday  would  shine  directly  from  the 
zenith,  at  which  time  objects  would  have  no 
shadows.  At  all  other  times  the  sun  is  either 
in  the  northern  or  the  southern  quarter  of  the 
heavens.  During  the  one  half  of  the  year  he 
shines  from  the  north,  and  the  shadows  of 
objects  fall  to  the  south;  during  the  other 
half  he  shines  from  the  south,  and  the  shadows 
of  all  objects  are  projected  towards  the  north. 
This  is  a  circumstance  which  can  never 
occur  in  our  climate  or  in  any  part  of  the 
temperate  zones.  At  the  equator,  too,  the 
days  and  nights  are  of  the  same  length,  twelve 
hours  each,  throughout  the  whole  year.  Were 
we  placed  at  the  poles,  the  motion  of  the  sun 
would  present  a  different  aspect  from  any  of 
those  we  have  described.  At  the  north  pole, 
on  the  21st  of  March,  we  should  see  a  por- 
tion of  the  sun's  disk  appear  in  the  horizon 
after  a  long  night  of  six  months.  This  por- 
tion of  the  sun  would  appear  to  move  quite 
round  the  horizon  every  twenty-four  hours ; 
it  would  gradually  rise  higher  and  higher  till 
the  whole  body  of  the  sun  made  its  appear- 
ance. As  the  season  advanced,  the  sun  would 
appear  to  rise  higher  and  higher  till  he  attained 
the  altitude  of  23$  degrees  above  the  horizon, 
which  would  take  place  on  the  21st  of  June; 
after  which  his  altitude  would  gradually  de- 
cline till  the  23d  of  September,  when  he 
would  again  appear  in  the  horizon.  During 
the  whole  of  this  period  of  six  months  there 
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is  perpetual  day,  the  stars  are  never  seen,  and 
the  sun  appears  to  go  quite  round  the  heavens 
every  twenty-four  hours  without  setting,  in 
circles  nearly  parallel  to  the  horizon.  After 
the  23d  of  September  the  sun  disappears,  and 
a  night  of  six  months  succeeds,  which  is  oc- 
casionally enlivened  by  the  moon,  the  stars, 
and  the  corruscations  of  the  aurora  borealis, 
during  which  period  the  south  pole  enjoys 
all  the  splendour  of  an  uninterrupted  day. 
In  all  places  within  the  polar  circles,  the  length 
of  the  longest  day  varies  from  twenty-four 
hours  to  six  months.  In  the  northern  parts 
of  Lapland,  for  example,  the  longest  day  is 
about  six  weeks;  during  this  time  the  sun 
appears  to  move  round  the  heavens  without 
setting ;  but  at  noon,  when  he  comes  to  the 
meridian,  he  is  about  40  degrees  above  the 
southern  horizon,  and  twelve  hours  afterward 
he  appears  elevated  about  six  degrees  above  the 
northern  horizon,  from  which  point  he  again 
ascends  till  he  arrives  at  the  southern  meridian. 

Such  are  the  apparent  diurnal  motions  and 
general  aspects  of  the  sun  in  different  parts 
of  the  earth,  which  are  owing  partly  to  the 
inclination  of  the  axis  of  the  earth  to  the  plane 
of  the  ecliptic,  and  partly  to  the  different  po- 
sitions in  which  a  spectator  is  placed  in  dif- 
ferent zones  of  the  globe.  It  is  almost 
needless  to  remark,  that  these  motions  of  the 
sun  are  not  real,  but  only  apparent.  While 
presenting  all  these  varieties  of  motion,  he  is 
still  a  quiescent  body  in  the  centre  of  the  pla- 
netary system.  By  the  rotation  of  the  earth 
round  its  axis,  from  west  to  east,  every  twenty- 
four  hours,  all  these  apparent  motions  of  the 
sun  are  produced.  This  we  have  already  en- 
deavoured to  prove  in  chap.  i.  p.  17-19. 

Besides  the  apparent  diurnal  motion  now 
described,  there  is  another  apparent  motion 
of  the  sun  in  a  contrary  direction,  which  is 
not  so  much  observed,  and  that  is,  his  appa- 
rent motion  from  west  to  east  through  the 
whole  circle  of  the  heavens,  which  he  accom- 
plishes in  the  course  of  a  year.  This  motion 
manifests  itself  by  the  appearance  of  the 
heavens  during  the  night.  The  stars  which 
lie  near  the  path  of  the  sun,  and  which  set  a 
little  time  after  him,  are  soon  lost  in  his  light, 
and  after  a  short  time  reappear  in  the  east  a 
little  before  his  rising.  This  proves  that  the 
sun  advances  towards  them  in  a  direction  con- 
trary to  his  diurnal  motion ;  and  hence  we  be- 
hold a  different  set  of  stars  ip  our  nocturnal 
«ky  in  summer  and  in  winter.  This  apparent 
revolution  of  the  sun  is  produced  by  the 
annual  motion  of  the  earth  round  the  sun, 
of  which  I  have  already  given  an  explana- 
tion (chap.  L  p.  19,)  along  with  certain  de- 
monstrative proofs  that  the  sun  is  the  centre 
of  the  planetary  system,  (see  also  chap.  ii.  p. 
26-31.) 
(440) 


Distance  and  Magnitude  of  the  Sun.— To 
find  the  exact  distance  of  the  sun  from  the 
earth  is  an  object  which  has  much  interested 
and  engaged  astronomers  for  a  century  past. 
The  angle  of  parallax  being  so  small  as  about 
eight  and  a  half  seconds,  rendered  it  for  some 
time  difficult  to  arrive  at  an  accurate  determina- 
tion on  this  point,  till  the  transits  of  Venus  in 
1761  and  1769.  From  the  calculations 
founded  upon  the  observations  made  on  these 
transits,  it  has  been  deduced  that  the  distance 
of  the  sun  is  about  95,000,000  of  miles.  This 
distance  is  considered  by  La  Place  and  other 
astronomers  to  be  within  the  1-87  part  of  the 
true  distance,  so  that  it  cannot  be  much  below 
94  millions  on  the  one  hand,  nor  much  above 
96  millions  on  the  other.  Small  as  this  inter- 
val may  appear  when  compared  with  the  vast 
distances  of  some  of  the  other  celestial  bodies, 
it  is,  in  reality,  a  most  amazing  distance  when 
compared  with  the  spaces  which  intervene  be- 
tween terrestial  objects  ;  a  distance  which  th« 
mind  cannot  appreciate  without  a  laborious 
effort.  It  is  thirty-one  thousand  six  hundred 
times  the  space  which  intervenes  between 
Britain  and  America ;  and  were  a  carriage  to 
move  along  this  apace  at  the  rate  of  480 
miles  every  day,  it  would  require  542  years 
before  the  journey  could  be  accomplished. 

The  magnitude  of  this  vast  luminary  is  an 
object  which  overpowers  the  imagination.  Its 
diameter  is  880,000  miles ;  its  circumference, 
2,764,600  miles ;  its  surface  contains  2,432, 
800,000,000  of  square  miles,  which  is  twelve 
thousand  three  hundred  and  fifty-times  the 
area  of  the  terraqueous  globe,  and  nearly  fifty 
thousand  times  the  extent  of  all  the  habitable 
parts  of  the  earth.  Its  solid  contents  com- 
prehend 356,818,739,200,000,000,*  or  more 
than  three  hundred  and  fifty-six  thousand 
billions  of  cubical  miles.  Were  its  centre 
placed  over  the  earth,  it  would  fill  the  whole 
orbit  of  the  moon,  and  reach  200,000  miles 
beyond  it  on  every  hand.  Were  a  person  to 
travel  along  the  surface  of  the  sun,  so  as  to 
pass  along  every  square  mile  on  its  surface, 
at  the  rate  of  thirty  miles  every  day,  it  would 
require  more  than  two  hundred  and  twenty 
millions  of  years  before  the  survey"  of  this 
vast  globe  could  be  completed.  It  would  con- 
tain within  its  circumference  more  than 
thirteen  hundred  thousand  globes  as  large  as 
the  earth,  and  a  thousand  globes  of  the  size 
of  Jupiter,  which  is  the  largest  planet  of  the 
system.  It  is  more  than  five  hundred  times 
larger  than  all  the  planets,  satellites,  and  comets 
belonging  to  our  system,  vast  and  extensive 
as  some  of  them  are.  Although  its  density  is 

*  In  some  editions  of  the  "  Christian  Philoso- 
pher," under  the  article  Astronomy,  this  number  is 
inaccurately  stated;  and  the  number  which  follows, 
IIDO  thousand  millions^  should  be  two  hundred  mil- 
lion*. 
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little  more  than  that  of  water,  it  would  weigh 
3360  planets  such  as  Saturn,  1067  planets 
such  as  Jupiter,  329,000  globes  such  as  the 
earth,  and  more  than  two  millions  of  globes 
such  as  Mercury,  although  its  density  is  nearly 
equal  to  that  of  lead.  Were  we  to  conceive 
of  its  surface  being  peopled  with  inhabitants 
at  the  rate  formerly  stated,  it  would  contain 
681,184,000,000,000,  or  more  than  six  hun- 
dred and  eighty  billions,  which  would  be  equal 
to  the  inhabitants  of  eight  hundred  and  fifty 
thousand,  worlds  such  as  ours. 

Of  a  globe  so  vast  in  its  dimensions,  the 
human  mind,  with  all  its  efforts,  can  form  no 
adequate  conception.  If  it  is  impossible  for 
the  mind  to  take  in  the  whole  range  of  the 
terraqueous  globe,  and  to  form  a  comprehen- 
sive idea  of  its  amplitude  and  its  innumerable 
objects,  how  can  we  ever  form  a  conception, 
approaching  to  the  reality,  of  a  body  one  mil- 
lion three  hundred  thousand  times  greater  ? 
We  may  express  its  dimensions  in  figures  or 
in  words,  but  in  the  present  state  of  our  limit- 
ed powers  we  can  form  no  mental  image  or 
representation  of  an  object  so  stupendous  and 
sublime.  Chained  down  to  our  terrestrial 
mansion,  we  are  deprived  of  a  sufficient  range 
of  prospect,  so  as  to  form  a  substratum  to  our 
thoughts,  when  we  attempt  to  form  concep- 
tions of  such  amazing  magnitudes.  The  ima- 
gination is  overpowered  and  bewildered  in  its 
boldest  efforts,  and  drops  its  wings  before  it 
has  realized  the  ten  thousandth  part  of  the 
idea  which  it  attempted  to  grasp.  It  is  not 
improbable  that  the  largest  ideas  we  have  yet 
acquired  or  can  represent  to  our  minds  of  the 
immensity  of  the  universe  are  inferior  to  a 
full  and  comprehensive  idea  of  the  vast  globe 
of  the  sun  in  all  its  connexions  and  dimen- 
sions ;  and,  therefore,  not  only  must  the 
powers  of  the  human  mind  be  invigorated  and 
expanded,  but  also  the  limits  of  our  intellec- 
tual and  corporeal  vision  must  be  indefinitely 
extended,  before  we  can  grasp  the  objects  of 
overpowering  grandeur  which  exist  within 
the  range  of  creation,  and  take  an  enlightened 
and  comprehensive  view  of  the  great  Creator's 
empire.  And  as  such  endowments  cannot  be 
attained  in  the  present  state,  this  very  circum- 
stance forms  a  presumptive  argument  that 
man  is  destined  to  an  immortal  existence, 
where  his  faculties  will  be  enlarged  and  the 
boundaries  of  his  vision  extended,  so  as  to  en- 
able him  to  take  a  large  and  comprehensive 
view  of  the  wonders  of  the  universe,  and  the 
range  of  the  Divine  government.  In  the  mean 
tim.<?,  however,  it  may  be  useful  to  allow  our 
thoughts  to  expatiate  on  such  objects,  and  to 
endeavour  to  form  as  comprehensive  an  idea  as 
possible  of  such  a  stupendous  luminary  as  the 
sun,  in  order  to  assist  us  in  forming  concep- 
tions of  objects  still  more  grand  and  magnifi- 
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cent ;  for  the  sun  which  enlightens  our  day  is 
but  one  out  of  countless  millions  of  similar 
globes  dispersed  throughout  creation,  some  of 
which  may  far  excel  it  in  magnitude  and  glory. 
Rotation  of  the  Sun. — This  luminary, 
although  it  is  placed  in  the  centre  of  the  sys- 
tem, in  the  enjoyment  of  perpetual  day,  and 
stands  in  no  need  of  light  from  any  other  orb, 
yet  is  found  to  have  a  rotation  round  its  axis. 
This  circumstance  seems  to  indicate  that  mo- 
tion is  essential  to  all  the  bodies  of  the 
universe,  whether  revolving  in  orbits  around 
another  body,  or  acting  as  the  centres  of  light 
and  attractive  influence.  And  from  what  we 
know  of  the  more  distant  bodies  in  the 
heavens,  we  have  reason  to  believe  that  there 
is  none  of  them  in  a  state  of  absolute  qui- 
escence, but  that  they  are  all  in  incessant  mo- 
tion, either  round  their  axes  or  around  a 
distant  centre.  The  rotation  of  the  sun  was 
discovered  by  the  motion  of  certain  dark  spots 
across  its  disk.  These  spots  appear  to  enter 
the  disk  on  the  east  side,  to  move  from  thence 
with  a  velocity  continually  increasing  till  they 
arrive  at  the  middle  of  the  disk ;  they  then 
move  slower  and  slower  till  they  go  off  at  the 
sun's  western  limb  ;  after  which  they  disap- 
pear for  about  the  same  space  of  time  they 
occupied  in  crossing  the  disk,  and  then  enter 
again  on  the  eastern  limb  and  move  onward  in 
the  same  track  as  before,  unless  they  suffer  a 
change,  as  frequently  happens,  after  they  disap- 
pear from  the  western  limb.  The  apparent  ine- 
quality in  the  motion  of  the  spots  is  purely 
optical,  and  is  owing  to  the  oblique  view  we 
have  of  the  parts  of  a  globe  which  are  near  the 
margin  ;  but  the  motion  is  such  as  demonstrates 
that  the  spots  are  carried  round  with  a  uniform 
and  equable  motion.  From  the  motion  of  these 
spots  we  learn,  1.  That  the  sun  is  a  globe,  and 
not  a  flat  surface ;  2.  That  it  has  a  rotation  round 
its  own  axis ;  and,  3.  That  this  rotation  is  per- 
formed in  the  same  direction  as  the  rotation 
of  the  planets  and  their  annual  revolutions, 
namely,  according  to  the  order  of  the  signs  of 
the  zodiac.  The  time  which  a  spot  takes  in 
moving  from  the  eastern  to  the  western  limb  if 
thirteen  days  and  nearly  sixteen  hours,  and, 
consequently,  the  whole  apparent  revolution 
is  twenty-seven  days  and  nearly  eight  hours. 
But  this  is  not  the  true  period  of  the  sun's 
rotation  ;  for  as  the  earth  has,  during  this  time, 
advanced  in  its  orbit  from  east  to  west,  and  in 
some  measure  followed  the  motion  of  the  spot, 
the  real  time  in  which  the  spots  perform  their 
revolutions  is  found,  by  calculation,*  to  be 
twenty-five  days,  ten  hours.  Every  part  of 
the  sun's  equator,  therefore,  moves  at  the  rate 
of  4532  miles  every  hour.  The  axis  of  the  sun, 
*  The  following  is  the  proportion  by  which  the  true 
rotation  is  found  :  3(i5rf  5A.  48m.  -f  27e/.  7A.  37m.;  or, 
392d.  13A.  25m.:  3€5rf.  5A.  48m. :  :  27rf.  7A.  37m.:  25d. 
9A.  56wi.=  the  true  time  of  the  sun's  rotation. 
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round  which  this  revolution  is  performed,  is 
inclined  7  degrees  20  minutes  to  the  ecliptic. 
The  Solar  Spots,  and  the  Physical  Con- 
struction of  the  Sun. — Although  the  sun  is 
the  fountain  of  light,  and  is  incessantly  pour- 
ing a  flood  of  radiance  over  surrounding 
worlds,  yet  the  nature  of  this  vast  luminary, 
and  the  operations  which  are  going  on  upon 
its  surface  and  adjacent  regions,  are  in  a  great 
measure  involved  in  darkness.  Before  stating 
any  opinions  on  this  subject,  it  may  be  proper, 
in  the  first  place,  to  give  a  brief  description  of 
the  phenomena  which  have  been  observed  on 
the  surface  of  the  sun.  The  first  and  most 
striking  phenomenon  is  the  dark  spots  to  which 
we  have  alluded.  These  spots  are  of  all  sizes, 
from  one  twenty-fifth  part  of  the  sun's  diame- 
ter to  the  one  five  hundreth  part  and  under. 
The  larger  spots  are  uniformly  dark  in  the 
centre,  and  surrounded  with  a  kind  of  border 
or  fainter  shade,  called  a  penumbra.  This 
penumbra,  which  sometimes  occupies  a  con- 
siderable space  around  the  dark  nucleus,  is 
frequently  of  a  shape  nearly  corresponding  to 
that  of  the  black  spot.  Sometimes  two  or 
more  dark  spots,  and  a  number  of  small  ones 
are  included  within  the  same  penumbra,  and 
at  other  times  a  number  of  small  spots  in  a 
train,  forming  a  kind  of  tail,  accompany  the 
larger  ones.  The  number  of  the  spots  is  very 
various;  sometimes  there  are  only  two  or 
three,  sometimes  above  a  hundred,  and  some- 
times none  at  all.  Schemer,  who  was  among 
the  first  that  observed  these  spots,  remarks, 
that  "from  the  year  1611  to  1629  he  never 
found  the  sun  quite  clear  of  spots,  except  a 
few  days  in  December,  1624;  at  other  times 
he  was  able  to  count  twenty,  thirty,  and  even 
fifty  spots  upon  the  sun  at  a  time."  After- 
ward, during  an  interval  of  twenty  years,  from 
1650  to  1670,  it  is  said  that  scarcely  any  were 
to  be  seen.  But,  since  the  beginning  of  last 
century,  no  year  has  passed,  so  far  as  we 
know,  in  which  spots  have  not  been  seen.  I 
have  had  an  opportunity  of  viewing  the  sun 
with  good  telescopes  several  hundreds  of  times, 
but  have  seldom  seen  his  surface  altogether 
free  of  spots.  In  some  years,  however,  thev 
have  been  far  more  numerous  than  in  others. 
In  the  beginning  of  1835  comparatively  few 
were  seen,  but  during  the  latter  part  of  it,  the 
whole  of  1836,  and  up  to  the  present  time 
(September,  1837,)  they  have  been  exceed- 
ingly numerous.  On  the  16th  of  November, 
1835,  with  an  achromatic  telescope,  magnify- 
ing about  a  hundred  times,  I  perceived  about 
ten  different  clusters ;  and,  within  the  limits 
of  two  of  the  clusters,  sixty  different  spots 
were  counted,  and  in  the  whole  of  the  other 
clusters  above  sixty  more  ;  making  in  all  about 
120  spots,  great  and  small.  On  the  19th  of 
October,  1836,  and  the  21st  of  February,  1837, 
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I  counted  about  130  ;  and  on  a  late  occasion  I 
perceived  spots  of  all  descriptions  to  the 
amount  of  about  150.  Such  a  number  of 
spots  are  generally  arranged  into  ten  or  twelve 
different  clusters,  each  cluster  having  one  or 
two  large  spots,  surrounded  with  a  number  of 
smaller  ones.  Fig.  68,  represents  the  spots 
of  the  sun  nearly  as  they  appeared  on  the  19th 
of  October,  1836,  some  of  the  smaller  spots 
being  omitted.  The  larger  spots  are  represent- 
ed on  a  somewhat  larger  scale  than  they 
should  be  in  proportion  to  the  diameter  of  the 
circle ;  but  they  present  nearly  the  same  re- 
lative aspect  they  exhibited  when  viewed 
through  the  telescope  at  the  time  specified. 
Fig.  69  shows  the  large  spot  on  a  larger  scale  ; 
and  Fig.  70  a  large  spot  which  appeared  in  a 
subsequent  observation,  which  had  a  bright 
streak  or  two  in  the  centre. 

The  magnitude  of  some  of  the  solar  spots 
is  astonishing.  One  of  the  spots  seen  Novem- 
ber 16,  1835,  was  found  to  measure  about  the 
fortieth  part  of  the  sun's  diameter ;  and  as 
that  diameter  is  equal  to  880,000  miles,  the 
diameter  of  the  spot  must  have  been  22,000 
miles,  which  is  nearly  three  times  the  diame- 
ter of  the  earth;  and  if  we  suppose  it  only  a 
flat  surface,  and  nearly  circular,  it  contained 
380,133,600  square  miles,  which  is  nearly 
double  the  area  of  our  globe.  The  largest  of 
the  spots  in  the  figure,  including  the  penum- 
bra, measured  about  the  one  twenty-first  part 
of  the  sun's  diameter,  and  its  breadth  about 
the  one  fifty-fourth  part  of  the  same  diameter  ; 
consequently  the  length  of  the  spots  and  pe- 
numbra was  41,900  miles,  its  breadth  16,300, 
and  its  area  6,829,700,000  square  miles, 
which  would  afford  room  for  ten  globes  as 
large  as  the  earth  to  be  placed  upon  it.  It 
consisted  of  a  dark  spot  of  a  lorigish  form, 
about  12,000  miles  in  length,  and  two  or  three 
smaller  spots,  some  of  them  several  thousand 
miles  long,  all  included  within  one  penumbra. 
The  smallest  spots  we  can  discern  on  the  solar 
disk  cannot  be  much  less  than  five  or  six  hun- 
dred miles  in  diameter. 

These  spots  are  subject  to  numerous 
changes.  When  watched  from  day  to  day, 
they  appear  to  enlarge  or  contract,  to  change 
their  forms,  and  at  length  to  disappear  altoge- 
ther, or  to  break  out  on  parts  of  the  solar  sur- 
face where  there  were  none  before.  Hevelius 
observed  one  which  arose  and  vanished  in  the 
space  of  seventeen  hours.  No  spot  has  been 
known  to  last  longer  than  one  that  appeared 
in  the  year  1676,  which  continued  upon  the 
sun  above  seventy  days ;  but  it  is  seldom  that 
any  spots  last  longer  than  six  weeks.  These 
spots  that  are  formed  gradually  are  generally 
gradually  dissolved ;  those  which  arise  sud- 
denly are,  for  the  most  part,  suddenly  dissolved. 
Dr.  Long,  in  his  "  Astronomy,"  vol.  ii.  states, 
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that  "  while  he  was  viewing  the  image  of  the    he  saw  one  roundish  spot,  by  estimation  not 
ran  cast  through  a  telescope  upon  white  paper,    much  less  in  diameter  than  our  earth,  break 


Fig.  68. 
North. 


into  two,  which  immediately 
receded  from  one  another  with 
a  prodigious  velocity."  The 
Rev.  Dr.  Wollaston,  when 
viewing  the  sun  with  a  re- 
flective telescope,  perceived  a 
similar  phenomenon.  A  spot 
burst  in  pieces  while  he  was 
observing  it  like  a  piece  of 
ice,  which,  thrown  upon  a 
frozen  pond,  breaks  in  pieces 
and  slides  in  various  direc- 
^  tions.  On  the  llth  of  Octo- 
|  ber,  1833,  at  2h  30'  p.  M.,  I 
^  observed  a  large  spot,  with 
several  smaller  ones  behind 
it,  as  represented  Fig.  71. 
Next  day,  at  Oh  30'  p.  M., 
the  small  spots  marked  e  had 
entirely  disappeared,  and  no 
trace  of  them  was  afterwards 
seen.  Each  of  these  spots 
was  more  than  a  thousand 
miles  in  diameter,  yet  they 
were  all  changed  in  the  space 
of  twenty-two  hours.  The 
spot  marked  d,  near  the  large 
spot,  though  at  least  two  or 
three  thousand  miles  in 
length,  disappeared  about 
three  days  afterward.  When 
any  spot  begins  to  increase 
or  diminish,  the  nucleus,  or 
dark  part,  and  the  penumbra 
contract  and  expand  at  the 
same  time.  During  the  pro- 
cess of  diminution,  the  pe- 
numbra encroaches  gradually 
upon  the  nucleus,  so  that 
the  figure  of  the  nucleus  and 
the  boundary  between  it  and 
the  penumbra  are  in  a  state 
of  perpetual  change  ;  and  it 
sometimes  happens  during 
these  variations,  that  the  en- 
croachment of  the  penumbra 
divides  the  nucleus  into  two  or  more  parts,  regions,  though  I  have  sometimes  seen  small 
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These  circumstances  show  that  there  is  a  cer- 
tain connexion  between  the  penumbra  and 
the  nucleus  ;  yet  it  is  observed,  that  when  the 
spots  disappear  the  penumbra  continues  for 
a  short  time  visible  after  the  nucleus  has 
vanished.  It  is  likewise  observed  that  the 


spots  as  distant  from  the  equator  as  sixty  de- 
grees. 

Fig.  72  shows  the  progress  of  a  spot  across 
the  sun's  disk,  from  its  eastern  to  its  western 
limb,  as  observed  and  delineated  by  Hevelius, 
in  May,  1644.  The  figures  refer  to  the  num- 
exterior  boundary  of  the  penumbra  never  con-  ber  of  days  on  which  the  spot  was  observed, 
sists  of  sharp  angles,  but  is  always  curvilinear,  On  the  first  day  of  the  observation,  when  the 
how  irregular  soever  the.  outline  of  the  nucleus  spot  first  appeared  on  the  eastern  limb,  it  was 
may  be.  The  portions  of  the  sun  on  which  seen  as  represented  at  1  ;  the  second  day  it 
spots  of  any  description  are  perceived  lie  from  was  not  visible,  by  reason  of  cloudy  weather, 
thirty  to  fifty  degrees  on  each  side  of  its  equa-  The  third,  fourth,  and  fifth  days  it  gradually 


tor.     No  spots  are  ever  seen  about  its  polar 


increased  in  bulk  ;  the  sixth  day  it  was  not 
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seen.     On  the  tenth  and  following  days  the 
spot  was  vastly  increased  in  bulk,  with  an  irre- 
gular atmosphere  about  it  and  a  dark  central 
spot.     Figs.  73,  74,  75,  76,  are  representations 
of  spots  by  Sir  W.  Herschel.     Fig.  75  shows 
the  division  of  a  decaying  nucleus  or  opening, 
where  the  luminous  passage  across  the  open- 
ing resembles  a  bridge  thrown  over  a  hollow. 
Besides  the  dark  spots  now  described,  there 
are  other  spots  which  have  a  bright  and  mot- 
tled appearance,  which  were  formerly  termed 
faculas,  and  which  Sir  W.  Herschel  distin- 
guished by  the  terms  Nodules,  Corrugations, 
and  Ridges.     These  spots  are  chiefly  to  be 
seen  near  the  margin  of  the  sun,  in  the  same 
latitudes  in  which   the  other   spots   appear,, 
They  appear  first  on  the  eastern  margin,  and 
continue  visible  for  three  or  four  days,  but  are 
invisible  when  they  arrive  near  the  middle  of 
the  disk,  and  when  they  approach  near  the 
western  limb  they  are  again  distinctly  visible. 
This  circumstance  shows  that  they  are  ridges 
or  elevations,  which  appear  in   profile  when 
near  the  limb,  but  in  front  or  foreshortened 
when  near  the  middle  of  the  disk,  so  as  to  be- 
come invisible.     They  are  generally  seen  in 
the  immediate  neighbourhood  of  dark  spots, 
and  in  the  places  where  spots  have  appeared  ; 
and  hence,  for  several  years  past,  when  any 
of  these  faculae  or  ridges  have  appeared  on  the 
eastern  margin,  I  have  uniformly  been  enabled 
to  predict  the  appearance  of  a  large  spot  or 
two  within  the  course  of  twenty-four  or  thirty 
hours  ;  and  in  more  than  twenty  or  thirty  in- 
stances I  have  never  been  disappointed.  These 
faculae    and    ridges    present   a   mottled   and 
waving  appearance,  like  that  of  a  country  with 
gentle  elevations  and  depressions,  and  bear  a 
strong  resemblance  to  certain  portions  of  that 
surface  of  the  moon,  particularly  the  more  level 
portions  of  the  orb,  which  present  a  number 
of  gentle  wavings  or  elevations  and  depres- 
sions.    And  as  those  wavings  or  ridges  which 
appear  on  the  sun  are,  in  a  clear  atmosphere, 
as  distinctly  perceptible  as  the  rough  surface 
of  the  moon,  they  must  be  objects  of  immense 
extent  and  of  very  great  elevation,  whether 
they  consist  of  luminous  clouds  or  of  more 
dense  materials.     Some   of    those  spaces  or 
ridges  have  been  found  to  occupy  a  portion  of 
the  solar  disk  equal  to  seventy-five  thousand 
miles.     They  extend  over  a  large  portion  of 
the  sun's  surface,  and  ttieir  shape  and  position 
are  frequently  changing. 

Opinions  and  Deductions  respecting  the 
Nature  and  Constitution  of  the  Sun. — Hav- 
ing described  the  principal  phenomena  con- 
nected with  this  immense  luminary,  we  may 
now  consider  what  conclusions  those  appear- 
ances lead  us  to  deduce  respecting  its  con- 
struction and  the  processes  which  are  going 
on  near  its  surface.  Very  vague  and  foolish 
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opinions  have  been  enterlaiued  respecting  the 
nature  of  the  sun  ever  since  the  invention  of 
the  telescope.  It  has  very  generally  been  con- 
sidered as  a  vast  body  of  liquid  fire  ;  and  in  a 
large  volume  now  before  me,  published  only 
about  a  century  ago,  it  is  considered  as  the 
local  place  of  hell.  A  large  map  of  the  sun, 
copied  from  the  delineations  of  Kircher  and 
Scheiner,  is  exhibited,  in  which  the  solar  sur- 
face is  represented  as  all  over  covered  with 
flames,  smoke,  volcanoes,  and  "  great  foun- 
tains, or  ebullitions  of  fire  and  light,  spread 
thick  over  the  whole  body  of  it ;  and  in  many 
places  dark  spots,  representing  dens  or 
caverns,  which  may  be  supposed  the  seats  of 
the  blackness  of  darkness."*  In  this  picture 
the  smoke  and  flames  are  represented  as  rising 
beyond  the  margin  of  the  sun  about  a  ninth 
part  of  its  diameter,  or  nearly  90,000  miles ;  a 
picture  as  unlike  the  real  surface  of  the  sun  as 
the  gloom  of  midnight  is  unlike  the  splendours 
of  day.  But,  leaving  such  extravagant  and 
untenable  notions,  even  some  philosophers 
have  held  opinions  altogether  incompatible 
with  reason  and  with  the  phenomena  present- 
ed by  the  sun :  Galileo,  Hevelius,  and  Mau- 
pertius  considered  the  spots  as  scoria  floating 
in  the  inflammable  liquid  matter  of  which  they 
conceived  the  sun  to  be  composed.  Others 
have  imagined  that  the  fluid  which  sends  forth 
light  and  heat  contains  a  nucleus  or  solid  globe, 
in  which  are  several  volcanoes,  like  Etna  or 
Vesuvius  which  from  time  to  time  cast  forth 
quantities  of  bituminous  matter  up  to  the  sur- 
face of  the  sun,  and  form  those  spots  which 
are  seen  upon  it ;  and  that,  as  this  matter  is 
gradually  changed  and  consumed  by  the  lu- 
minous fluid,  the  spots  disappear  for  a  time, 
but  are  seen  to  rise  again  in  the  same  places 
when  those  volcanoes  cast  up  new  matter. 
Others,  again,  have  supposed  that  the  sun  is 
a  fiery  luminous  fluid,  in  which  several  opaque 
bodies  of  irregular  shapes  are  immersed,  and 
that  these  bodies  are  sometimes  buoyed  up  or 
raised  to  the  surface,  where  they  appear  like 
spots  ;  while  others  imagine  that  this  luminary 
consists  of  a  fluid  in  continual  agitation,  by  the 
rapid  motion  of  which  some  parts  more  gross 
than  the  rest  are  carried  up  to  the  surface  in 
like  manner  as  scum  rises  on  the  top  of  melted 
metal  or  any  thing  that  is  boiling. 

The  futility  of  all  such  opinions  is  obvious 
when  we  consider  attentively  all  the  varieties 
of  the  solar  phenomena,  and  when  we  reflect 
on  the  immense  magnitude  both  of  the  sun 
itself  and  of  the  spots  which  traverse  its  sur- 
face. What  resemblance  can  there  be  be- 
tween such  volcanoes  as  Etna  and  Vesuvius, 
and  spots  on  the  sun  20,000  miles  in  diame- 

*"An  Inquiry  into  the  Nature  and  Place  of 
Hell."  By  the  Rev  T.  Swinden,  M.  A.,  Rector  of 
Cuxton,  in  Kent.  2d  edit ,  p.  470.  London,  1727. 
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ter,  and  several  times  larger  than  the  whole 
earth  1  between  the  vast  and  sublime  opera- 
tions going  forward  in  this  magnificent  globe, 
and  "  the  scum  and  scoria  of  melted  metal]" 
We  err  most  egregiously  when  we  attempt  to 
compare  the  substances  and  the  puny  opera- 
tions which  we  see  around  us  on  the  globe 
we  inhabit,  with  what  takes  place  on  so  stu- 
pendous a  globe  as  the  sun,  whose  constitution 
must  be  so  immensely  different  from  that  of 
the  planetary  bodies,  and  from  every  thing 
within  the  range  of  our  observation  on  this 
earth.  We  talk  of  volcanoes,  of  scoria,  of 
boiling  metals,  of  bituminous  matter,  of  dens, 
and  caverns,  and  fiery  flames  in  the  sun,  as 
if  they  were  as  common  there  as  with  us; 
whereas  there  is  every  reason  to  believe  that 
nothing  similar  to  any  of  these  is  to  be  found 
in  the  constitution  of  this  vast  luminary.  We 
might,  with  as  good  reason,  attempt  to  com- 
pare the  process  of  vegetation  on  our  globe, 
and  the  tides  and  currents  of  cur  ocean,  with 
what  takes  place  on  the  surface  of  Jupiter  or 
on  the  rings  of  Saturn.  In  all  such  cases,  it 
is  most  becoming  rather  to  acknowledge  our 
ignorance  than  to  caricature  and  degrade  the 
sublimest  works  of  Omnipotence  by  our  pue- 
rile explanations  and  whimsical  theories.  The 
following  are  some  of  the  more  rational  con- 
clusions which  have  been  deduced  in  reference 
to  the  constitution  of  the  sun. 

In  the  first  place,  from  a  variety  of  observa- 
tions, it  is  now  pretty  well  determined  that 
the  solar  spots  are  depressions,  and  not  eleva- 
tions, and  that  the  black  nucleus  of  every 
spot  is  the  opaque  body  of  the  sun  seen 
through  an  opening  in  the  luminous  atmo- 
sphere with  which  it  is  environed.  This  was 
first  ascertained  by  numerous  observations 
made  by  the  late  Dr.  Wilson,  professor  of  as- 
tronomy in  the  university  of  Glasgow.  This 
conclusion  is  founded  on  the  following  facts : 
When  any  spot  is  about  to  disappear  behind 
the  sun's  western  limb,  the  eastern  portion  of 
the  umbra  first  contracts  in  its  breadth,  and 
then  vanishes.  The  nucleus  then  contracts 
and  vanishes,  while  the  western  portion  of 
the  umbra  still  remains  visible.  When  a  spot 
comes  into  view  on  the  sun's  eastern  limb,  the 
"astern  portion  of  the  umbra  first  becomes 
visible,  then  the  dark  nucleus,  and  then  the 
western  part  of  the  umbra  makes  its  appear- 
ance. When  two  spots  are  near  each  other, 
the  umbra  of  the  one  spot  is  deficient  on  the 
side  next  the  other;  and  when  one  of  the 
spots  is  much  larger  than  the  other,  the  union 
of  the  largest,  will  be  completely  wanting  on 
the  side  next  the  small  one.  From  various 
micrometical  estimates  and  calculations  in  re- 
lation to  the  breadth  of  the  umbra,  and  the 
manner  of  their  appearance  and  disappear- 
ance, the  doctor  was  led  to  the  conclusion 


that  the  depth  of  the  nucleus  or  dark  part  of 
the  spots  was,  in  several  instances,  from  2000 
to  nearly  4000  miles.  In  order  to  confirm 
his  theory,  he  constructed  a  globe  representing 
the  sun,  with  certain  hollows  cut  out  to  repre- 
sent the  spots  or  excavations,  which  were 
painted  black  with  Indian  ink,  and  the  slope 
or  shelving  sides  of  the  excavations  were  dis- 
tinguished from  the  brightness  of  the  external 
surface  by  a  shade  of  the  pencil,  which  in- 
creased towards  the  external  border.  When 
this  artificial  sun  was  fixed  in  a  proper  frame, 
and  examined  at  a  great  distance  with  a  tele- 
scope, the  umbra  and  the  nucleus  exhibited 
the  same  phenomena  which  are  observed  on 
the  real  sun.* 

Sir  William  Herschel,  with  his  powerful 
telescopes,  made  numerous  observations  on 
the  solar  spots,  and  arrived  at  the  same  con- 
clusion as  Dr.  Wilson  had  done,  that  the  dark 
nucleus  of  the  spots  is  the  opaque  body  of  the 
sun  appearing  through  the  openings  in  its  at- 
mosphere, and  that  the  luminous  surface  of 
the  sun  is  neither  a  liquid  substance  nor  an 
elastic  fluid,  but  luminous  or  phosphoric  clouds 
floating  in  the  solar  atmosphere.  He  con- 
ceives, from  the  uniformity  of  colour  in  the 
penumbra  or  shallows,  that  below  these  self- 
luminous  clouds  there  is  another  stratum  of 
clouds  of  inferior  brightness,  which  is  intended 
as  a  curtain  to  protect  the  solid  and  opaque 
body  of  the  sun  from  the  intense  brilliancy 
and  heat  of  the  luminous  clouds  ;  and  that 
"  the  luminous  strata  are  sustained  far  above 
the  level  of  the  solid  body  by  a  transparent 
elastic  medium,  carrying  on  its  upper  surface, 
or  at  some  considerably  lower  level  within  its 
depth,  i  cloudy  stratum,  which,  being  strongly 
illuminated  from  above,  reflects  a  considerable 
portion  of  the  light  to  our  eyes,  and  forms  a 
penumbra,  while  the  solid  body,  shaded  by  the 
clouds,  reflects  little  or  none." 

What,  then,  are  the  conclusions  which  may 
be  deduced  in  regard  to  the  constitution  of 
the  sun  ]  In  the  first  place,  we  must  admit 
that,  at  present,  we  know  very  little  of  the 
nature  of  this  immense  luminary,  and  of  the 
processes  that  are  going  forward  on  its  surface 
or  in  its  atmosphere.  For  there  is  no  similar 
body  with  which  we  are  intimately  acquainted 
with  which  we  can  compare  it,  and  which 
might  enable  us  to  form  some  definite  concep- 
tions of  the  causes  which  produce  the  pheno- 
mena it  presents.  But,  secondly,  it  appears 
highly  probable,  if  not  absolutely  certain,  that 
the  great  body  of  the  sun  consists  of  an 
opaque  solid  globe,  most  probably  diversified 
with  elevations  and  depressions,  but  of  the 

*  See  an  elaborate  paper  on  this  subject  by  Dr. 
Wilson,  in  vol.  Ixiv.  of  the  "  Philosophical  Trans- 
actions ;"  and  another,  in  reply  to  some  objections 
of  La  Lande.in  the  volume  for  1783. 
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nature  or  qualities  of  this  interior  globe,  and 
the  materials  of  which  it  is  composed,  we  are 
altogether  unacquainted.  Thirdly,  that  this 
opaque  globe  is  surrounded  with  a  body  of 
light,  which  it  diffuses  throughout  the  planet- 
ary system  and  far  beyond  it ;  but  whether  this 
light  consists  of  phosphoric  clouds  in  perpetual 
motion,  or  how  it  is  produced  and  kept  con- 
tinually in  action,  is  only  matter  of  conjecture. 
But,  in  whatever  it  consists,  it  is  pretty  evi- 
dent that  it  forms  a  shell  or  covering  around 
the  dark  body  of  the  sun  of  several  thousand 
miles  in  thickness.  Fourthly,  there  are  stu- 
pendous motions  and  operations  continually 
going  forward  in  connexion  with  the  surface 
or  the  luminous  atmosphere  of  this  immense 
body. 

That  extensive  and  amazing  operations  and 
processes  are  going  forward  on  the  surface  of 
the  sun,  or  in  its  immediate  vicinity,  appears 
from  the  immense  size  of  both  the  dark  and 
luminous  spots,  and  the  sudden  and  extensive 
changes  to  which  they  are  frequently  sub- 
jected. Spots  have  been  observed  on  the 
solar  disk  so  large  as  the  one  twentieth  of  the 
sun's  diameter,  and,  of  course,  44,000  miles 
in  lineal  extent,  comprising  an  area  of  one 
thousand  five  hundred  and  twenty  millions  of 
square  miles.  Now  it  is  known  from  observa- 
tion that  such  spots  seldom  or  never  last 
longer  than  forty-four  days,  and,  consequently, 
their  borders  must  approach  at  the  rate  of  at 
least  a  thousand  miles  every  day,  but  in  most 
cases  with  a  much  more  rapid  motion.  What, 
then,  shall  we  think  of  the  motions  and  ope- 
rations by  which  a  large  spot  has  been  made 
to  disappear  in  the  course  of  twenty-two 
hours,  as  I  have  sometimes  observed,  yea, 
which  have  disappeared  in  the  course  of  a 
single  hour  ?  And  what  shall  we  think  of 
the  process  by  which  a  spot  as  large  as  the 
earth  was  broken  into  two  during  the  moment 
of  observation,  and  made  to  recede  from  each 
other,  as  was  observed  both  by  Dr.  Long  and 
Dr.  Wollaston  1  (Seepage  100.)  How  power- 
ful the  forces,  how  rapid  the  motions,  and 
how  extensive  the  changes  which  must  have 
been  produced  in  such  cases !  Whether  we 
consider  such  changes  to  be  produced  in  the 
solid  globe  of  the  sun,  or  merely  in  the  lumi- 
nous atmosphere  with  which  it  is  environed, 
the  scale  on  which  such  movements  and  ope- 
rations must  be  conducted  is  immense,  and 
altogether  overpowering  to  the  imagination. 
What  should  we  think  were  we  to  behold  the 
whole  of  the  clouds  which  float  in  the  earth's 
atmosphere  dissipated  in  a  moment;  the  con- 
tinent of  America  detached  from  its  basis  and 
transported  across  the  Atlantic ;  or  the  vast 
Pacific  Ocean,  in  the  course  of  a  few  days, 
overwhelming  with  its  billows  the  whole  of 
Asia,  Africa,  and  Europe  ?  Amazing  as  such 
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changes  and  revolutions  would  appear,  there 
are,  in  all  probability,  operations  and  changes, 
though  of  a  very  different  description,  taking 
place  on  the  solar  surface  or  atmosphere  upon 
a  scale  of  much  larger  extent.  It  is  found  by 
calculation  that  the  smallest  space  containing- 
a  visible  area  which  can  be  distinctly  per- 
ceived on  the  sun  with  good  telescopes  is 
about  460  miles ;  and  a  circle  of  this  diameter 
contains  about  166,000  square  miles.  Now 
those  ridges  or  corrugations,  formerly  termed 
faculse,  which  are  seen  near  the  sun's  margin, 
are  more  than  twenty  times  larger  than  such 
a  space ;  they  evidently  appear  to  be  eleva- 
tions and  depressions  on  the  solar  surface, 
and  are  almost  as  distinctly  perceptible  as  the 
wavings  and  inequalities  on  the  surface  of  the 
moon.  How  immensely  large  and  elevated, 
then,  must  such  objects  in  reality  be,  when 
we  perceive  their  inequalities  so  distinctly  at 
the  distance  of  ninety-five  millions  of  miles  ! 
The  elevated  parts  of  such  objects  cannot  be 
less  than  several  hundreds  of  miles  above  the 
level  of  the  valleys  or  depressions,  and  ex- 
tending in  length  several  thousands  of  miles. 
Yet,  sometimes  in  a  few  days,  or,  at  most,  in 
a  few  weeks,  these  extensive  objects  are  either 
dissipated  or  dark  spots  appear  in  their  room. 
It  is  evident,  then,  that  stupendous  powers 
are  in  action,  and  vast  operations  are  going 
on  in  connexion  with  this  august  luminary, 
far  surpassing  every  thing  within  the  range 
of  our  contemplation  in  this  terrestrial  sphere, 
and  of  which  the  human  mind  can  form  no 
distinct  conception.  These  operations  appear 
to  be  carried  forward  in  a  systematic  order, 
and  by  the  regular  influence  of  certain  physi- 
cal agents.  But  what  these  agents  are ;  how 
they  produce  their  effects ;  wherein  they  differ 
in  their  nature  and  properties  from  the  physi- 
cal agents  connected  with  our  globe ;  whether 
they  be  employed  in  keeping  up  a  constant 
efflux  of  light  and  heat  to  the  worlds  which 
roll  around ;  or  whether  their  activities  have 
any  relation  to  intelligent  beings  connected 
with  the  sun,  are  questions  which,  in  our  pre- 
sent state,  it  is  impossible  to  resolve.  But  we 
can  easily  conceive  that  scenes  of  overpower- 
ing grandeur  and  sublimity  would  be  pre- 
sented to  view  could  we  suppose  ourselves 
placed  in  the  immediate  vicinity  of  this  lumi- 
nary. Were  we  placed  within  a  hundred 
miles  of  the  solar  luminous  atmosphere,  where 
the  operations  which  we  now  behold  at  a 
remote  distance  would  be  distinctly  perceived, 
we  should  doubtless  behold  a  scene  of  over- 
whelming magnificence  and  splendour,  and  a 
series  of  sublime  phenomena  far  surpassing 
what  "  eye  hath  yet  seen,"  or  the  mind  of 
man  can  yet  conceive.  Were  we  placed 
within  this  luminous  atmosphere,  on  the  solid 
surface  of  the  sun,  we  should  doubtless  con- 
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template  a  scene  altogether  novel,  and  still 
more  brilliant  and  astonishing.  To  a  spectator 
in  this  position  an  opening  in  the  luminous 
atmosphere  several  thousands  of  miles  in  cir- 
cumference, where  none  appeared  before, 
would  be  presented  to  his  view,  through 
which  the  stars  of  heaven  might  possibly  be 
perceived ;  and  in  a  short  time  this  opening 
would  gradually  close,  and  he  would  find 
himself  again  surrounded  with  ineffable  splen- 
dour ;  while,  at  the  same  time,  he  might  have 
a  view  of  the  physical  agents  by  which  these 
astonishing  effects  are  produced.  In  a  short 
time  another  opening  of  a  different  kind 
would  be  perceived,  and  other  scenes  and 
transformations  would  be  exhibited  to  the 
fiew  in  regular  succession.  That  such  scenes 
tvould  actually  be  exhibited  is  a  natural  de- 
duction from  the  theory  (which  may  be  con- 
sidered as  established)  that  the  sun  consists 
of  a  solid  globe,  surrounded  with  a  luminous 
atmosphere,  and  that  the  dark  spots  are  tho 
openings  in  that  luminous  fluid. 

It  appears,  then,  that  the  sun  which  we 
daily  behold  is  a  body  of  ineffable  magnitude 
and  splendour,  and  that  the  most  magnificent 
operations  are  incessantly  going  forward  on 
its  surface  or  in  its  immediate  vicinity.  It  is, 
indeed,  a  kind  of  universe  in  itself,  the  magni- 
tude, and  extent,  and  grandeur  of  which,  and 
the  vast  and  sublime  operations  connected 
with  its  physical  constitution,  surpass  the 
powers  of  the  human  mind  to  form  any  ade- 
quate conception.  We  are  destitute  of  a  sub- 
stratum of  thought  for  enabling  us  to  form 
a  comprehensive  conception  on  this  subject. 
When  we  ascend  to  the  top  of  Mount  Etna 
or  Mount  Blanc,  and  survey  the  vast  group 
of  surrounding  objects  which  appear  around 
and  beneath  us  when  the  morning  sun  illumi- 
nates the  landscape,  we  behold  one  of  the 
largest  and  most  expansive  objects  that  can 
meet  our  eye  in  this  sublunary  scene;  and 
we  can  compare  it  with  objects  that  are 
smaller  and  with  those  that  are  somewhat 
larger.  But  the  amplitude  of  such  a  scene 
extends  only  to  a  hundred  or  a  hundred  and 
fifty  miles  in  every  direction,  which  is  less 
than  the  least  visible  point  or  spot  which  we 
can  perceive  on  the  sun  with  the  most  power- 
ful telescopes.  Were  we  transported  to  a 
point  five  or  six  thousand  miles  above  the 
surface  of  the  earth,  so  as  to  take  in  nearly  at 
one  view  the  whole  hemisphere  of  our  globe ; 
and  were  our  eyes  to  be  strengthened  so  as  to 
be  able  to  perceive  every  part  of  its  surface 
distinctly,  our  ideas  of  magnitude  would  be 
vastly  enlarged,  and  we  should  be  enabled  to 
form  more  correct  and  comprehensive  concep- 
tions than  we  can  now  do  of  the  still  greater 
magnitudes  of  many  of  the  celestial  bodies. 
But  even  such  an  object  as  the  whole  of  the 


earth's  hemisphere,  seen  at  one  comprehen- 
sive view,  would  afford  us  comparatively  little 
assistance  in  forming  an  adequate  conception 
of  such  a  stupendous  globe  as  the  sun;  it 
would  not  equal  the  idea  of  magnitude  which 
we  ought  to  attach  to  one  of  the  smaller  epotr, 
on  its  surface.  For  the  area  of  the  solar  sur- 
face is  twenty-four  thousand  seven  hundred 
times  greater ;  so  that  24,700  scenes  equal  in 
magnitude  to  the  hemisphere  of  our  globe 
must  pass  between  us  in  review  before  we 
could  acquire  a  comprehensive  and  adequate 
idea  of  the  expansive  surface  of  the  sun.  And 
were  a  scene  of  this  description  to  pass  before 
our  eyes  every  two  hours,  till  an  extent  equal 
to  the  area  of  the  sun  passed  under  our  view, 
and  were  twelve  hours  every  day  allotted  for 
the  observation,  it  would  require  more  than 
eleven  years  before  such  a  rapid  survey  of  this 
vast  luminary  could  be  completed.  But,  as 
we  can  have  no  adequate  idea  of  a  scene 
comprehending  a  whole  hemisphere  of  our 
globe,  let  us  compare  the  view  from  Mount 
Etna  with  the  amplitude  of  the  sun.  "There 
is  no  point  on  the  surface  of  the  globe,"  says 
Mr.  Brydone,  "that  unites  so  many  awful  and 
sublime  objects  as  the  top  of  Etna,  and  no 
imagination  has  dared  to  form  an  idea  of  so 
glorious  and  magnificent  a  scene.  The  body 
of  the  sun  is  seen  rising  from  the  ocean, 
immense  tracts  both  of  sea  and  land  inter- 
vening ;  the  islands  of  Pinari,  Alicudi,  Lipari, 
Stromboli,  and  Volcano,  with  their  smoking 
summits,  appear  under  your  feet,  and  you 
look  down  on  the  whole  of  Sicily  as  on  a 
map,  and  can  trace  every  river  through  all  its 
windings  from  its  source  to  its  mouth.  The 
view  is  absolutely  boundless  on  every  side,  so 
that  the  sight  is  every  where  lost  in  the  im- 
mensity." Yet  this  glorious  and  expansive 
prospect  is  comprised  within  a  circle  about 
240  miles  in  diameter  and  754  in  circum- 
ference, containing  45,240  square  miles,  which 
is  only  1-53,776,608  part  of  the  surface  of  the 
sun ;  so  that  fifty-three  millions,  seven  hun- 
dred and  seventy-six  thousand  landscapes, 
such  as  beheld  from  Mount  Etna,  behooved 
to  pass  before  us  before  we  could  contemplate 
a  surface  as  expansive  as  that  of  the  sun  ;  and 
if  every  such  landscape  were  to  occupy  two 
hours  in  the  contemplation,  as  supposed 
above,  it  would  require  twenty-four  thousand 
Jive  hundred  and  fifty-four  years  before  the 
whole  surface  of  this  immense  globe  could  be 
in  this  manner  surveyed ;  and,  after  all,  we 
should  have  but  a  very  imperfect  conception 
of  the  solid  contents  of  the  sun,  which  contains 
356,818,739,200,000,000  of  cubical  miles, 
which  number  is  146,670  times  greater  than 
the  number  of  square  miles  upon  its  surface. 

What  a  glorious  idea,  then,  does  such  an 
object  as  the  sun  present  to  us  of  the  GRAK- 
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of  the  Deity  and  the  ENERGIES  of 
OMNIPOTENCE  !  There  is  no  single  object 
within  tlie  range  of  our  knowledge  that  affords 
a  more  striking  and  august  emblem  of  its 
Great  Creator.  In  its  lustre,  in  its  magnitude, 
in  its  energy,  in  its  boundless  influence,  and 
its  beneficial  effects  on  this  earth  and  on 
surrounding  worlds,  there  is  a  more  bright 
display  of  Divine  perfection  than  in  any  other 
material  being  with  which  we  are  acquainted : 

"Great  source  of  day!  best  image  here  below 
Of  thy  Creator  !  ever  pouring  wide 
From  world  to  world,  the  vita!  ocean  round, 
On  Nature  write,  with  every  beam,  his  praise." 

Could  such  a  magnificent  orb  have  been 
produced  by  a  fortuitous  concourse  of  atoms, 
and  placed  in  its  proper  position  to  distribute 
light  and  attractive  influence  to  the  worlds 
which  roll  around  it?  Could  chance  have 
directed  the  distance  at  which  it  should  be 
placed  from  the  respective  planets,  or  the  size 
to  which  it  should  be  expanded,  in  order  to 
diffuse  its  energies  to  the  remotest  part  of  the 
system  1  Could  chance  have  impressed  upon 
it  the  laws  requisite  for  sustaining  in  their 
courses  all  the  bodies  dependent  upon  it,  or 
have  endowed  it  with  a  source  of  illumination 
which  has  been  preserved  in  action  from  age 
to  age  1  To  affirm  such  positions  would  be 
to  undermine  and  annihilate  the  principles  of 
all  our  reasonings.  The  existence  of  the  sun 
proves  the  existence  of  an  Eternal  and  Supreme 
Divinity,  and  at  the  same  time  demonstrates 
his  omnipotent  power,  his  uncontrollable 
agency,  the  depths  of  his  wisdom,  and  the 
riches  of  his  beneficence.  If  such  a  luminary 
be  so  glorious  and  incomprehensible,  what 
must  its  Great  Creator  be  1  If  its  splendour 
be  so  dazzling  to  our  eyes,  and  its  magnitude 
so  overpowering  to  our  imagination,  what 
must  He  be  who  lighted  up  that  magnificent 
orb,  and  bade  a  retinue  of  worlds  revolve 
around  it;  who  "dwells  in  light  inaccessible, 
to  which  no  mortal  eye  can  approach  ]"  If 
the  sun  is  only  one  out  of  many  myriads  of 
similar  globes  dispersed  throughout  the  iHimit- 
able  tracts  of  creation,  how  great,  how  glorious, 
how  far  surpassing  human  comprehension 
must  be  the  plans  and  the  attributes  of  the 
infinite  and  eternal  Creator  !  "  His  greatness 
is  unsearchable,  and  his  ways  past  finding 
out."  Could  we  thoroughly  comprehend  the 
depths  of  his  perfections  or  the  grandeur  of 
his  empire,  he  would  cease  to  be  God,  or  we 
should  cease  to  be  limited  and  dependent 
beings.  But,  in  presenting  to  our  view  such 
magnificent  objects,  it  is  evidently  his  inten- 
tion that  we  should  rise  in  our  contemplations 
from  the  effect  to  the  cause,  from  the  creature 
to  the  Greater,  from  the  visible  splendours 
and  magnificence  of  creation  to  the  invisible 
glories  of  Hin .  who  sits  on  the  throne  of  the 
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universe,  "whose  kingdom  ru'.^th  over  all,  and 
before  whom  all  nations  are  counted  as  less 
than  nothing  and  vanity." 

It  might  here  form  a  subject  of  inquiry, 
whether  there  be  any  reason  to  believe  that 
the  sun  is  inhabited?  Most  astronomers 
have  been  disposed  to  answer  this  question  in 
the  negative.  Sir  W.  Herschel,  however, 
and  several  others,  consider  it  as  not  altoge- 
ther improbable  that  the  sun  is  peopled  with 
rational  beings.  Viewing  this  luminary  as 
consisting  of  a  dark  solid  nucleus,  surrounded 
by  two  strata  of  clouds,  the  outermost  the  re- 
gion of  that  light  and  heat  which  is  diffused 
to  the  remotest  parts  of  the  system,  they  con- 
ceived that  the  interior  stratum  was  intended 
to  protect  the  inhabitants  of  the  sun  from  the 
fiery  blaze  of  the  sphere  of  light  and  heat 
with  which  they  are  surrounded.  On  either 
side  of  this  question  it  becomes  us  to  speak 
with  diffidence  and  modesty.  We  ought  not 
to  set  limits  to  the  wisdom  and  arrangements 
of  the  Creator  by  affirming  that  rational 
beings  could  not  exist  and  find  enjoyment  on 
such  a  globe  as  the  sun,  on  account  of  the 
intensity  of  light  and  heat  which  for  ever  pre- 
vails in  that  region.  For  it  is  probable  that 
the  luminous  matter  that  encompasses  the 
solid  globe  of  the  sun  does  not.  derive  its 
splendour  from  any  intensity  of  heat.  If  this 
were  the  case,  the  parts  underneath,  which 
are  perpetually  in  contact  with  that  glowing 
matter,  would  be  heated  to  such  a  degree  as 
to  become  luminous  and  bright,  whereas  we 
find  that  they  have  uniformly  a  dark  appear- 
ance :  so  that  it  is  possible  the  interior  region 
of  the  sun  may  be  in  a  state  of  comparatively 
low  temperature.  For  any  thing  we  know  to 
the  contrary  or  can  demonstrate,  the  sun  may 
be  one  of  the  most  splendid  and  delightful 
regions  of  the  universe,  and  scenes  of  magnifi- 
cence and  grandeur  may  be  there  displayed 
far  surpassing  any  thing  that  is  to  be  found 
in  the  planets  which  revolve  around  it,  and  its 
population  may  as  far  exceed  in  number  that 
of  other  worlds  as  the  immense  size  of  this 
globe  exceeds  that  of  all  the  other  bodies  in 
the  system.  But,  on  the  other  hand,  we 
know  too  little  of  the  nature  and  constitution 
of  the  sun,  and  the  plans  of  Divine  Wisdom, 
to  warrant  us  to  make  any  positive  assertions 
on  this  point.  Although  no  intelligent  beings 
were  connected  with  this  great  luminary,  its 
boundless  influence  in  the  planetary  system; 
its  being  the  soul  and  centre  of  surrounding 
worlds ;  its  diffusing  light,  and  heat,  and 
genial  influences  of  various  kinds,  to  all  the 
tribes  of  their  inhabitants ;  and  its  cementing 
them  all  by  its  attractive  energy  in  one  har- 
monious system,  are  reasons  sufficient  for  the 
creation  of  this  vast  globe,  without  the  influ- 
ence of  which  perpetual  darkness  would  en- 
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sue,  the  planets  would  start  from  their  spheres, 
and  the  whole  system  soon  become  one  uni- 
versal wreck. 

It  is  owing  *o  the  existence  of  the  sun  that 
our  globe  is  a  nabitable  world  and  productive 
of  enjoyment.  Almost  all  the  benign  agen- 
cies which  are  going  forward  in  the  atmo- 
sphere, the  waters,  and  the  earth,  derive  their 
origin  from  its  powerful  and  perpetual  influ- 
ence. Its  light  diffuses  itself  over  every  region, 
and  produces  all  that  diversity  of  colouring 
which  enlivens  and  adorns  the  landscape  of 
the  world,  without  which  we  should  be  unable 
to  distinguish  one  object  from  another.  By 
its  vivifying  action,  vegetables  are  elaborated 
from  inorganic  matter,  the  sap  ascends  through 
their  myriads  of  vessels,  the  flowers  glow  with 
the  richest  hues,  the  fruits  of  autumn  are  ma- 
tured, and  become,  in  their  turn,  the  support 
of  animals  and  of  man.  By  its  heat  the 
waters  of  the  rivers  and  the  ocean  are  atten- 
uated and  carried  to  the  higher  regions  of  the 
atmosphere,  where  they  circulate  in  the  form 
of  vapour  till  they  again  descend  in  showers, 
to  supply  the  sources  of  the  rivers  and  to  fer- 
tilize the  soil.  By  the  same  agency  all  winds 
are  produced,  which  purify  the  atmosphere  by 
keeping  it  in  perpetual  motion,  which  propel 
our  ships  across  the  ocean,  dispel  noxious  va- 
pours, prevent  pestilential  effluvia,  and  rid  our 
habitations  of  a  thousand  nuisances.  By  its 
attractive  energy  the  tides  of  the  ocean  are 
modified  and  regulated,  the  earth  conducted 
in  its  annual  course,  and  the  moon  sustained 
and  directed  in  her  motions.  Its  influence 
descends  even  to  the  mineral  kingdom,  and  is 
felt  in  the  chymical  compositions  and  decom- 
positions of  the  elements  of  nature.  The 
disturbances  in  the  electric  equilibrium  of  the 
atmosphere,  which  produce  the  phenomena  of 
thunder,  lightning,  and  rain,  and  the  varieties 
of  terrestrial  magnetism;  the  slow  degrada- 
tion of  the  solid  constituents  of  the  globe  and 
their  diffusion  among  the  waters  of  the  ocean, 
may  all  be  traced,  either  directly  or  indirectly, 
to  the  agency  of  the  sun.  It  illuminates  and 
cheers  all  the  inhabitants  of  the  earth  from 
the  polar  regions  to  the  torrid  zone.  When, 
its  rays  gild  the  eastern  horizon  after  the  dark- 
ness of  the  night,  something  like  a  new  crea- 
tion appears.  The  landscape  is  adorned  with 
a  thousand  shades  and  colours;  millions  of 
insects  awake  and  bask  in  its  rays ;  the  birds 
start  from  their  slumbers,  and  fill  the  groves 
with  their  melody ;  the  flocks  and  herds  ex- 
press their  joy  in  hoarser  acclamations  ;  "  man 
goeth  forth  to  his  work  and  to  his  labour ;" 
all  nature  smiles,  and  "  the  hills  rejoice  on 
every  side."  "Without  the  influence  of  this 
august  luminary,  a  universal  gloom  would  en- 
sue, and  surrounding  worlds,  with  all  their 
trains  of  satellites,  would  be  shrouded  in  per- 
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pctual  darkness.  This  earth  would  become  a 
lifeless  mass,  a  dreary  waste,  a  rude  lump  of 
inactive  matter,  without  beauty  or  order.  No 
longer  should  we  behold  the  meadows  clothed 
with  verdure,  the  flowers  shedding  their  per- 
fumes, or  "the  valleys  covered  with  corn." 
The  feathered  songsters  would  no  longer 
chant  their  melodious  notes ;  all  human  acti- 
vity would  cease ;  universal  silence  would 
reign  undisturbed,  and  this  huge  globe  of  land 
and  water  would  return  to  its  original  chaos. 

Hence  it  appears  that  there  is  a  sufficient 
reason  for  the  creation  of  this  powerful  lumi- 
nary, although  no  sensitive  or  intelligent 
beings  of  any  description  were  placed  on  its 
surface.  But,  at  the  same  time,  when  we 
consider  the  infinite  wisdom  and  intelligence 
of  the  Divine  mind,  and  that  the  thoughts  and 
the  ways  of  God  as  far  surpass  the  thoughts  of 
man  as  the  heavens  in  height  surpass  the  earth ; 
when  we  consider  that  animated  beings  on 
our  own  globe  are  found  in  situations  where 
we  should  never  have  expected  them ;  that 
every  puddle  and  marsh,  and  almost  every 
drop  of  water,  is  crowded  with  living  beings ; 
and  that  even  the  very  viscera  in  the  larger 
animals  can  afford  accommodation  for  sentient 
existence,  it  would  be  presumptuous  in  man 
to  affirm  that  the  Creator  has  not  placed  in- 
numerable orders  of  sentient  and  intelligent 
beings,  with  senses  and  constitutions  accom- 
modated to  their  situations,  throughout  the 
expansive  regions  of  the  sun. 

It  has  been  a  question  which  has  exercised 
the  attention  of  some  astronomers,  whether 
the  solar  phenomena  have  any  effect  upon 
the  weather,  or  the  productiveness  of  our  sea- 
sons. Sir  W.  Herschel  was  of  opinion,  that 
when  the  corrugations  and  openings  of  the 
solar  atmosphere  are  numerous,  the  heat  emit- 
ted by  the  sun  must  be  proportionably  in- 
creased, and  that  this  augmentation  must  be 
perceptible  by  its  effects  on  vegetation ;  and, 
by  comparing  the  solar  appearances  as  given 
by  La  Lande  with  the  table  of  the  price  of 
wheat  in  Smith's  "  Wealth  of  Nations,"  he 
obtained  results  which  he  considered  as  fa- 
vourable to  his  hypothesis.  But  it  is  evident 
that  we  are  not  yet  in  possession  of  such  a 
series  of  facts  in  relation  to  this  subject  as 
will  warrant  us  to  draw  any  general  conclu- 
sions. Besides,  we  know  too  little  of  the 
construction  of  the  sun,  and  the  nature  of 
those  processes  which  are  going  on  in  its 
atmosphere,  to  be  able  to  determine  the  pro- 
portion of  light  and  heat  which  particular 
phenomena  indicate.  So  far  as  my  own  ob- 
servation goes,  I  should  be  disposed  to  adopt 
an  opposite  conclusion,  namely,  that  in  those 
years  when  the  spots  of  the  sun  are  numerous, 
the  seasons  are  colder  and  more  unproductive 
of  vegetation.  This  was  remarkably  the  case 
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in  the  yeir  1816,  when  the  solar  spots  were 
extremely  numerous,  and  when  the  harvest 
was  so  late  and  scanty  that  the  price  of  all 
kinds  of  grain  was  more  than  double  what  it 
had  been  before  or  what  it  has  been  since. 
The  year  1836,  and  the  present  year,  1837, 
afford  similar  examples  ;  for,  during  eighteen 
months  past,  the  solar  spots  have  been  more 
numerous  than  in  any  other  period  in  my  re- 
collection ;  and  the  cold  of  the  summer  and 
harvest  of  1836,  and  of  the  winter  and  spring 
of  1837,  and  its  unfavourable  effects  on  vege- 
tation, were  greater  than  what  had  been  expe- 
rienced for  more  than  twenty  years  before. 
But  on  this  point  we  are  not  yet  warranted 
to  draw  any  positive  conclusions.  Before  we 
can  trace  any  general  connexion  between  the 
«olar  spots  and  the  temperature  and  vegeta- 
tion of  our  globe  in  any  particular  season,  we 
must  endeavour  to  ascertain  the  effects  pro- 
duced on  vegetation  not  only  in  two  or  three 
particular  countries  which  lie  adjacent  to 
each  other,  but  over  all  the  regions  of  the 
earth.  It  may  be  proper  to  direct  our  future 
observations  to  this  point,  as  they  might  pro- 
bably lead  to  some  important  results ;  but  a 
considerable  period  behooved  to  elapse  before 
we  could  be  warranted  to  deduce  any  definite 
conclusions. 

Whether  the  sun  has  a  progressive  motion 
in  absolute  space  is  another  question  which 
has  engaged  the  attention  of  astronomers.  If 
the  sun  have  such  a  motion  directed  to  any 
quarter  of  the  heavens,  the  stars  in  that  quar- 
ter must  apparently  recede  from  each  other, 
while  those  in  the  opposite  region  will  seem 
gradually  to  approach.  Sir  W.  Herschel  found 
that  the  apparent  proper  motion  of  forty-four 
stars  out  of  fifty-six  are  very  nearly  in  the 
direction  which  should  result  from  a  motion 
of  the  sun  towards  the  constellation  Hercules, 
or  to  a  point  of  the  heavens  whose  right  ascen- 
sion is  250°  52£',  and  north  declination  49° 
38'.  "No  one,"  says  Sir  John  Herschel, 
"  who  reflects  with  due  attention  on  the  sub- 
ject, will  be  inclined  to  deny  the  high  proba- 
bility, nay,  certainty,  that  the  sun  has  a  proper 
motion  in  some  direction."  But  it  appears  to 
l>e  yet  undetermined  by  modern  astronomers 
to  what  point  in  the  heavens  this  motion  is 
directed,  and  whether  it  be  in  a  straight  line 
or  in  a  portion  of  the  circumference  of  an  im- 
mense circle.  If  the  sun,  then,  has  a  proper 
motion  in  space,  all  the  planetary  bodies  and 
•their  satellites,  along  with  the  comets,  must 
partake  of  it ;  so  that,  besides  their  own  pro- 
per motions  around  this  luminary,  they  are 
likewise  carried  along  with  the  sun  through 
the  depths  of  infinite  space  with  a  velocity 
perhaps  as  great  as  that  with  which  they  are 
carried  round  in  their  orbits.  Our  earth  will 
therefore  partake  of  three  motions  :  one  round 
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its  axis,  another  round  the  sun,  and  a  third  in 
the  direction  in  which  the  sun  is  moving , 
and,  consequently,  it  is  probable  that  we  shall 
never  again  occapy  that  portion  of  absolute 
space  through  which  we  are  now  passing 
throughout  all  the  succeeding  periods  of  eter- 
nity. 

The  Zodiacal  Light. — The  zodiacal  light 
is  a  phenomenon  which  has  been  generally 
considered  as  connected  with  the  sun.  The 
light  appears  to  have  been  noticed  by  Mr.  Chil- 
drey  about  the  year  1660;  but  it  was  after- 
ward more  particularly  noticed  and  described 
by  Cassini  in  the  spring  of  1683,  which  was 
the  first  time  he  had  seen  it,  and  he  observed 
it  for  about  eight  days.  It  appears  generally 
in  a  conical  form,  having  its  base  directed  to- 
wards the  body  of  the  sun  and  its  point  towards 
some  star  in  the  zodiac.  Its  light  is  like  the 
milky  way,  or  that  of  the  faint  twilight,  or  the 
tail  of  a  comet,  thin  enough  to  let  the  stars  be 
seen  through  it,  and  seems  to  surround  the 
sun  in  the  form  of  a  lens,  the  plane  of  which 
is  nearly  coincident  with  the  plane  of  the  sun's 
equator.  The  apparent  angular  distance  of 
its  vertex  from  the  sun  varies  from  40  to  90 
degrees,  and  the  breadth  of  its  base,  perpendi- 
cular to  its  axis,  from  8  to  30  degrees.  It  is 
supposed  to  extend  beyond  the  orbit  of  Mer- 
cury, and  even  as  far  as  that  of  Venus,  but 
never  so  far  as  the  orbit  of  the  earth.  This 
light  is  weaker  in  the  morning  when  day  is 
coming  on  than  at  night  when  darkness  is  in- 
creasing, and  it  disappears  in  full  moonlight 
or  in  strong  twilight.  In  north  latitudes  it  is 
most  conspicuous  after  the  evening  twilight 
about  the  end  of  February  and  the  beginning 
of  March  ;  and  before  the  appearing  of  the 
morning  twilight,  about  the  beginning  of  Oc- 
tober; for  at  those  times  it  stands  most  erect 
above  the  horizon,  and  is  therefore  furthest 
removed  from  the  thick  vapours  and  the  twi- 
light. About  the  time  of  the  winter  solstice 
it  may  likewise  be  seen  in  the  mornings  ;  but 
it  is  seldom  perceptible  in  summer  on  account 
of  the  long  twilights.  It  is  more  easily  and 
more  freqently  perceived  in  tropical  climates, 
and  particularly  near  the  equator,  than  in  our 
country,  because  in  those  parts  the  obliquity 
of  the  equator  and  zodiac  to  the  horizon  is 
less,  and  because  the  duration  of  twilight  is 
much  shorter.  Humboldt  observed  this  light 
at  Caraccas  on  the  18th  of  January,  after 
seven  o'clock  in  the  evening.  The  point  of 
the  pyramid  was  at  the  height  of  53  degrees  ; 
and  the  light  totally  disappeared  about  half 
past  nine,  about  3;?  hours  after  sunset,  without 
any  diminution  in  the  serenity  of  the  sky.  On 
the  15th  of  February  it  disappeared  2  hours 
and  50  minutes  after  sunset,  and  the  altitude 
of  the  pyramid  on  both  these  occasions  was  50 
degrees.  The  following  figure  exhibits  a  view 
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of  this  phenomenon  as  it  is  seen  about  the  be- 
ginning of  Marcn,  at  seven  o'clock  in  the  even- 
Fig.  77. 


ing,  when  the  twilight  is  ending,  and  the 
equinoctial  point  in  the  horizon.  A  B  repre- 
sents the  horizon ;  C  D  the  base  of  the  lumi- 
nous triangle  ;  and  Eits  apex,  pointing  towards 
the  Pleiades  or  the  star  Aldebaran,  its  axis 
forming  an  angle  of  between  60  and  70  de- 
grees with  the  horizon. 

Various  opinions  have  been  entertained  as 
*o  the  cause  of  this  phenomenon ;  but  as  it 


uniformly  accompanies  the  sun,  it  has  been 
generally  ascribed  to  an  atmosphere  of  im- 
mense extent  surrounding  that  luminary,  and 
extending  beyond  the  orbit  of  Mercury.  Ac- 
cording to  this  opinion,  the  zodiacal  light  is 
considered  as  a  section  of  this  atmosphere ; 
but  this  opinion  now  appears  extremely  du- 
bious. Professor  Olmsted,  of  Yale  College, 
the  celebrated  Arago,  Biot,  and  others,  are 
now  disposed  to  identify  this  phenomenon 
with  the  cause  that  produces  the  "  November 
Meteors,"  or  shooting  stars,  which  have,  of 
late,  excited  so  great  a  degree  of  public  atten- 
tion. It  appears  highly  probable  that  these 
meteors  derive  their  origin  from  a  nebulous 
body  which  revolves  round  the  sun,  and  which, 
in  certain  parts  of  its  course,  comes  very  near 
the  orbit  of  the  earth,  so  as  to  be  within  its 
attractive  power ;  and  if  such  a  body  be  the 
source  whence  these  meteors  proceed,  it  may 
also  account  for  the  phenomena  of  the  zodi- 
acal light.  The  subject  is  worthy  of  particular 
attention,  and  future  observations  may  not 
only  throw  light  on  this  particular  phenome- 
non, but  open  to  our  view  a  species  of  celestial 
bodies  with  which  we  were  formerly  unac- 
quainted. 


CHAPTER  IV. 

On  the  secondary  Planets  or  Moons. 


HAVING,  in  the  preceding  chapter,  given  a 
detailed  account  of  the  phenomena  connected 
with  the  sun  and  the  primary  planets  of  our 
system,  I  shall  now  proceed  to  a  brief  descrip- 
tion of  what  is  known  in  reference  to  the  sa- 
tellites or  moons  which  accompany  several  of 
the  primary  planets. 

A  secondary  planet  or  satellite  is  a  body 
which  revolves  around  a  primary  planet  as 
the  centre  of  its  motion,  and  which  is  at  the 
same  time  carried  along  with  its  primary  round 
the  sun.  The  satellites  form  a  system,  in  con- 
nection with  their  primaries,  similar  to  that 
which  the  planets  form  in  connexion  with  the 
sun.  They  revolve  at  different  distances  from 
their  primaries  ;  they  are  regulated  according 
to  the  laws  of  Kepler  formerly  alluded  to ;  their 
orbits  are  circles  or  ellipses  of  very  moderate 
eccentricity ;  in  their  motions  around  their 
primaries  they  describe  areas  very  nearly  pro- 
portional to  the  times ;  and  the  squares  of  the 
periodical  times  of  all  the  satellites  belonging 
to  each  planet  are  in  proportion  to  each  other 
as  the  cubes  of  their  distances,  (see  page  27.) 
The  planets  around  which  satellites  have  been 
discovered  are,  the  earth,  Jupiter,  Saturn,  and 
Uranus.  Of  the  satellites  belonging  to  these 


bodies  I  shall  present  a  brief  sketch  iu  the 
order  in  which  they  are  here  mentioned. 

i.  OF  THE  EARTH'S  SATELLITE,  OR  THE  MOOX. 

Before  proceeding  to  a  particular  descrip- 
tion of  this  nocturnal  luminary,  I  shall  present 
a  brief  sketch  of  its  apparent  motions. 

The  moon,  like  all  the  other  celestial  bodies, 
appears  daily  to  rise  in  an  easterly  direction, 
and  to  set  in  the  western  parts  of  the  horizon. 
Its  apparent  motion  in  this  respect  is  similar 
to  that  of  the  sun,  formerly  described,  and  is 
owing  to  the  diurnal  motion  of  the  earth.  Its 
real  motion  round  the  earth  is  in  a  contrary 
direction,  namely,  from  west  to  east,  or  in  the 
same  direction  in  which  all  the  planets  move 
round  the  sun.  This  motion  may  be  traced 
every  lunation,  but  more  distinctly  during  the 
spring  months,  when  the  moon,  in  the  first 
quarter,  appears  in  a  high  degree  of  north 
declination,  and  when  its  crescent  is  some- 
times visible  within  thirty-six  hours  of  the 
change.  About  this  period,  on  the  second  or 
third  day  of  the  moon's  age,  it  will  be  seen  in 
the  west  after  sunset  at  a  small  elevation  above 
the  horizon,  and  exhibiting  the  form  of  a 
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slender  crescent  On  the  next  evening  it 
will  appear  at  a  still  higher  elevation  at  the 
same  hour,  having  moved  about  thirty  degrees 
further  to  the  east,  and  its  crescent  will  appear 
somewhat  larger.  Every  succeeding  day  it 
will  appear  at  a  greater  elevation,  and  further 
to  the  east  than  before,  and  its  crescent  will 
appear  larger,  till  about  the  seventh  or  eighth 
day,  when  it  will  be  seen  in  the  south  when 
the  sun  is  setting  in  the  west,  at  which  time 
it  assumes  the  appearance  of  a  semicircle,  or 
half  moon.  During  this  period  the  horns  of 
the  crescent  point  towards  the  east,  the  en- 
lightened part  of  the  lunar  disk  being  turned 
towards  the  sun.  After  the  first  quarter,  or 
the  period  of  half  moon,  the  lunar  orb  still 
keeps  on  its  course  to  the  eastward,  and  the 
portion  of  its  enlightened  disk  is  gradually 
enlarged,  till  about  the  fifteenth  day  of  the 
moon's  age,  when  it  appears  as  a  full  en- 
lightened hemisphere,  and  rises  in  the  east 
about  the  time  when  the  sun  is  setting  in  the 
west.  In  this  position  it  is  said  to  be  in  appo- 
sition to  the  sun,  and  passes  the  meridian 
about  midnight  After  this  period  the  enlight- 
ened part  of  its  disk  gradually  diminishes,  and 
it  rises  at  a  late  hour,  till,  in  the  course  of 
seven  days,  it  is  again  reduced  to  a  semicircle, 
and  is  seen  only  during  one  half  of  the  night. 
Some  nights  after  it  appears  reduced  to  a 
crescent,  having  its  points  or  horns  turned 
towards  the  west,  the  sun  being  then  to  the 
east  of  it.  After  this  it  rises  but  a  little  time 
before  the  sun,  and  is  seen  only  early  in  the 
morning;  and  its  crescent  daily  diminishes 
till  it  at  length  disappears,  when  it  rises  at 
the  same  time  with  the  sun ;  and  after  having 
been  invisible  for  two  or  three  days,  it  reap- 
pears in  the  evening  in  the  west  a  little  after 
sunset.  During  this  period  the  moon  has 
made  a  complete  circuit  round  the  heavens 
from  west  to  east,  which  is  accomplished  in 
twenty-nine  days  and  a  half,  in  which  period 
it  passes  through  all  the  phases  now  described. 
The  progressive  motion  from  west  to  east, 
every  day,  may  be  traced  by  observing  the 
stars  which  lie  nearly  in  the  line  of  the  moon's 
course.  If  a  star  be  observed  considerably  to 
the  eastward  of  the  moon  on  any  particular 
evening,  on  the  following  evening  it  will 
appear  about  thirteen  decrees  nearer  the  star, 
and  will  afterward  pass  to  the  eastward  of 
it,  and  every  succeeding  day  will  approach 
nearer  to  all  the  other  stars  which  lie  near 
the  line  of  its  course  to  the  eastward.  The 
reason  why  the  moon  appears  under  the  differ- 
ent phases  now  described  will  appear  from 
the  following  figure. 

In  this  diagram  <S  represents  the  sun;  E 

the  earth;  and  M,  A,  B,  C   1},  F,  G,  H, 

the  moon  in  different  positions  in  its  orbit 

round  the  earth.     When  the  moon  is  at  M, 
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as  seen  from  the  earth,  her  dark  side  is  com 
pletely  turned  to  the  earth ;  and  she  is  conse- 
quently invisible,  as  at  7,  being  nearly  in  the 

Fig.  78. 


same  part  of  the  heavens  with  the  sun.  She 
is  in  this  position  at  the  period  termed  new 
moon,  when  she  is  also  said  to  be  in  conjunc- 
tion with  the  sun.  When  she  has  moved 
from  M  to  A  a  small  part  of  her  enlightened 
hemisphere  is  turned  towards  the  earth,  when 
she  appears  in  the  form  of  a  crescent,  as  at  K. 
In  moving  from  A  to  B  a  larger  portion  of  h6r 
enlightened  hemisphere  is  gradually  turnet 
towards  the  earth ;  and  when  she  arrives  at  3 
the  one  half  of  her  enlightened  hemisphere  is 
turned  to  the  earth,  and  she  assumes  the  figure 
of  a  half  moon,  as  at  L.  When  arrived  at  C 
she  appears  under  what  is  called  a  gibbous 
phase,  as  at  N,  more  than  one  half  of  her 
enlightened  disk  being  turned  to  the  earth. 
At  D  her  whole  enlightened  hemisphere  is 
turned  to  our  view,  and  she  appears  a  full 
moon,  as  at  O.  After  this  period  she  again 
decreases,  turning  every  day  less  and  less  of 
her  enlightened  hemisphere  to  the  earth,  so 
that  at  F  she  appears  as  at  P;  at  G  a  half 
moon  on  the  decline,  as  at  Q ;  at  H  a  crescent, 
as  at  R  ;  and  at  M  she  is  again  in  conjunction 
with  the  sun,  when  her  dark  side  is  turned  to 
the  earth  as  before.  The  moon  passes  through 
all  these  changes  in  twenty-nine  days,  twelve 
hours,  and  forty-four  minutes,  at  an  average, 
which  is  termed  her  synodical  revolution. 
But  the  time  which  she  takes  in  making  one 
revolution  round  the  earth,  from  a  fixed  star 
to  the  same  again,  is  only  twenty-seven  days, 
seven  hours,  and  forty-three  minutes,  which 
is  called  her  periodical  revolution.  For,  after 
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one  revolution  is  finished,  she  has  a  small  arc 
to  describe  in  order  to  get  between  the  sun 
and  the  earth ;  because,  in  consequence  of  the 
earth's  motion  in  the  same  direction,  the  sun 
appears  to  be  advancing  forward  in  the  eclip- 
tic, and,  of  course,  the  moon  requires  some 
time  to  overtake  him,  after  having  finished  a 
revolution.  This  surplus  of  motion  occupies 
two  days,  five  hours,  and  one  minute,  which, 
added  to  the  periodical,  make  the  synodical 
revolution,  or  the  period  between  one  new  or 
full  moon  and  another.  This  might  be  illus- 
trated by  the  revolution  of  the  hour  and 
minute-hands  of  a  watch  or  clock.  Suppose 
the  hour-hand  to  represent  the  sun,  and  a 
complete  revolution  of  it  to  represent  a  year ; 
suppose  the  minute-hand  to  represent  the 
moon,  arid  its  circuit  round  the  dial-plate  a 
month,  it  is  evident  that  the  moon  or  minute- 
hand  must  go  more  than  round  the  circle 
where  it  was  last  conjoined  with  the  sun  or 
hour-hand  before  it  can  again  overtake  it.  If, 
for  example,  they  were  in  conjunction  at  12, 
the  minute-hand  or  moon  must  make  a  com- 
plete revolution  and  above  one-twelfth  before 
they  can  meet,  a  little  past  I. ;  for  the  hour- 
hand,  being  in  motion,  can  never  be  overtaken 
by  the  minute-hand  at  that  point  from  which 
they  started  at  their  last  conjunction. 

To  a  spectator  placed  on  the  lunar  surface, 
the  earth  would  every  month  exhibit  all  the 
phases  of  the  moon,  but  in  a  reverse  order 
from  what  the  moon  exhibits  to  the  earth  at 
the  same  time.  Thus  (Fig.  78,)  when  the 
moon  is  at  D  only  the  dark  hemisphere  of  the 
earth  is  turned  towards  the  moon,  and,  conse- 
quently, the  earth  would  be  then  invisible ;  so 
that  when  it  is  full  moon  to  us,  it  is  new  moon 
to  a  lunar  inhabitant ;  as  the  earth  will  then 
be  in  conjunction  with  the  sun,  and  nothing 
but  its  dark  hemisphere  presented  to  view. 
When  the  moon  is  at  P  a  small  portion  of 
the  enlightened  half  of  the  earth  is  turned 
towards  the  moon,  and  it  appears  as  a  crescent. 
When  she  is  at  Q  the  earth  appears  as  a  half 
moon  ;  when  at  R  a  gibbous  phase ;  and  when 
she  is  at  J,  the  time  of  new  moon  to  us,  the 
earth  then  shines  on  the  dark  side  of  the  moon 
with  a  full  enlightened  hemisphere.  It  is 
owing  to  this  circumstance,  that  when  the 
new  moon  first  appears  like  a  slender  crescent, 
her  dark  hemisphere  is  seen  illuminated  with 
a  faint  light,  perceptible  even  to  the  naked 
eye ;  and  with  the  help  of  a  telescope  we  are 
enabled,  by  this  faint  illumination,  to  distin- 
guish the  prominent  spots  on  this  portion  of 
the  lunar  disk.  This  faint  light,  therefore,  is 
nothing  else  than  the  moonlight  of  the  moon, 
produced  by  the  earth  shining  with  nearly  a 
full  face  upon  the  dark  surface  of  the  moon. 
And  as  the  surface  of  the  earth  is  thirteen 
times  larger  than  the  surface  of  the  moon,  the 


light  reflected  from  the  earth  will  be  nearly 
equal  to  that  of  thirteen  full  moons.  As  the 
age  of  the  moon  increases,  this  secondary  light 
is  gradually  enfeebled,  and  after  the  seventh  or 
eighth  day  from  the  change  it  is  seldom  visible. 
This  arises  from  the  diminution  of  the  enlight- 
ened part  of  the  earth,  which  then  appears 
only  like  a  half  moon,  approaching  to  a  cres- 
cent, and,  consequently,  throws  a  more  feeble 
light  upon  the  moon,  which  is  the  more  diffi- 
cult to  be  perceived  as  the  enlightened  part 
of  the  moon  increases. 

Rotation  of  the  Moon. — While  the  moon 
is  performing  her  revolution  round  the  earth 
every  month,  she  is  also  gradually  revolving 
round  her  axis ;  and  it  is  somewhat  remarkable 
that  her  revolution  round  her  own  axis  is  per- 
formed in  the  same  time  as  her  revolution 
round  the  earth.     This  is  inferred  from  the 
circumstance  that  the  moon  always  turns  the 
same  face  to  the  earth,  so  that  we  never  see 
the  other  hemisphere  of  this  globe.     For  if 
the  moon  had  no  rotation  upon  an  axis,  she 
would  present  every  part  of  her  surface  to 
the  earth.     This  does  not,  at  first  sight,  appear 
obvious  to  those  who  have  never  directed  their 
attention  to  the  subject.     Any  one,  however, 
may  convince  himself  of  the  fact  by  standing 
in  the  centre  of  a  circle,  and  causing  another 
person  to  carry  round  a  terrestrial  globe,  with- 
out turning  it  on  its  axis,  when  he  will  see 
every  part  of  the  surface  of  the  globe  in  suc- 
cession ;  and  in  order  that  one   hemisphere 
only  should  be  presented  to  his  view,  he  will 
find  that  the  globe  will  require  to  be'  gradually 
turned  round  its  axis,  so  as  to  make  a  com- 
plete  rotation    during  the  time  it  is  carried 
round  the  circle.     The  axis  of  the  moon  is 
inclined  88°  29'  to  the  ecliptic,  so  that  it  is 
nearly   perpendicular    to   it     Although   the 
moon   presents  nearly  the  same   side  to  the 
earth  in  all  its  revolutions  around  it,  yet  there 
is  perceived  a  certain  slight  variation  in  this 
respect     When  we   look   attentively  at  the 
disk  of  the  moon  with  a  telescope,  we  some- 
times observe  the  spots  on  her  eastern  limb, 
which  were  formerly  visible,  concealed  behind 
her  disk,  while  others  appear  on  her  western 
limb  which  were  not  seen  before.     The  spots 
which  appear  on  the  western  limb  withdraw 
themselves  behind  the  limb,  while  the  spots 
which  were  concealed  behind  the  eastern  limb 
again  appear.     The  same  phenomena  are  ob- 
served  in   the  north  and  south  limb  of  the 
moon,  so   that  the  spots  sometimes  change 
their  positions  about  three  minutes  on  the 
moon's  disk,  or  about  the  eleventh  part  of  her 
diameter.     This  is  termed  the  libration  of  the 
moon ;   the  one  her  libration  in  longitude, 
and  the  other  her  libration  in  latitude. 

From  what  we  have  stated  above  in  rela- 
tion to  the  phases  and  motions  of  the  moon, 
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it  is  evident  that  the  moon  is  a  dark  body,  like 
the  earth,  and  derives  all  its  light  from  the 
suu,  for  its  enlightened  side  is  always  turned 
towards  that  luminary.  It  likewise  derives  a 
faint  light  by  the  reflection  of  the  sun's  rays 
from  the  earth,  in  the  same  way  as  we  derive 
a  mild  light  from  the  moon.  And  as  the 
earth  has  an  uneven  surface,  composed  of 
mountains  and  vales,  so  the  moon  is  found  to 
be  diversified  with  similar  inequalities.  It  is 
owing  to  these  inequalities,  or  the  roughness 
of  the  moon's  surface,  that  the  light  of  the  sun 
is  reflected  from  it  in  every  direction ;  for,  if 
the  surface  of  the  moon  were  perfectly  smooth, 
like  a  polished  globe  or  speculum,  her  orb 
would  be  invisible  to  us ;  except,  perhaps,  at 
certain  times,  when  the  image  of  the  sun,  re- 
flected from  it,  would  appear  like  a  bright 
lucid  point.  This  may  be  illustrated  by  the 
following  experiment.  Place  a  silver  globe, 
perfectly  polished,  about  two  inches  diameter, 
in  the  sun ;  the  rays  which  fall  upon  it  being 
reflected  variously,  according  to  their  several 
incidences,  upon  the  convex  surface,  will 
come  to  our  eye  only  from  one  point  of  the 
globe,  which  will  therefore  appear  a  small 
bright  spot,  but  the  rest  of  the  surface  will 
appear  dark.  Let  this  globe  then  be  boiled 
in  the  liquor  used  for  whitening  silver,  and 
pteced  in  the  sun ;  it  will  appear  in  its  full 
dimensions  all  over  luminous;  for  the  effect 
of  that  liquor  is  to  take  off  the  smoothness  of 
the  polish,  and  make  the  surface,  rough,  and 
then  every  point  of  it  will  reflect  the  rays  of 
light  in  every  direction. 

The  moon  is  nearest  to  the  earth  of  all  the 
celestial  bodies,  and  is  a  constant  attendant 
upon  it  at  all  seasons.  Her  distance  from  the 
centre  of  the  earth  is,  in  round  numbers,  240,- 
000  miles,  or  somewhat  less  than  a  quarter  of 
a  million ;  which  is  little  more  than  the  fourth 
part  of  the  diameter  of  the  sun.  Small  as 
this  distance  is  compared  with  that  of  the 
other  planets,  it  would  require  five  hundred 
Jays,  or  sixteen  months  and  a  half,  for  a 
steam-carriage  to  move  over  the  interval  which 
separates  us  from  the  lunar  orb,  although  it 
were  moving  day  and  night  at  the  rate  of 
twenty  miles  every  hour.  In  her  motion 
round  the  earth  every  month,  she  pursues  her 
course  at  the  rate  of  2300  miles  an  hour. 
But  she  is  carried  at  the  same  time,  along 
with  the  earth,  round  the  sun  every  year,  so 
that  her  real  motion  in  space  is  much  more 
rapid  than  what  has  now  been  stated;  or 
while  she  accompanies  the  earth  in  its  motion 
round  the  sun,  whi«:h  is  at  the  rate  of  68,000 
miles  an  hour,  she  also  moves  thirteen  times 
round  the  earth  during  the  same  period,  which 
is  equal  to  a  course  of  nearly  twenty  millions 
of  miles. 

The  moon's  orbit  is  inclined  to  the  ecliptic 
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in  an  angle  of  5°  9' ;  so  that,  in  one  part  of 
her  course,  she  is  above,  and  in  another  below 
the  level  of  the  earth's  orbit.  It  is  owing  to 
this  circumstance  that  this  orb  is  not  eclipsed 
at  every  full  moon  and  the  sun  at  every  new 
moon,  which  would  regularly  happen  did  the 
moon  move  in  an  orbit  exactly  coincident 
with  the  plane  of  the  ecliptic.  The  moon's 
orbit,  of  course,  crosses  the  orbit  of  the  earth 
in  two  opposite  points,  called  her  nodes  ,•  and 
it  is  only  when  the  new  or  full  moon  happens 
at  or  near  these  nodes  that  an  eclipse  of  the 
sun  or  moon  can  take  place ;  for  it  is  only 
when  she  is  in  such  a  position  that  the  sun, 
the  moon,  and  the  earth  are  nearly  in  a 
straight  line,  and  that  the  shadow  of  the  one 
can  fall  upon  the  other.  The  shadow  of  the 
moon  falling  upon  any  part  of  the  earth  pro- 
duces an  eclipse  of  the  sun,  and  the  shadow 
of  the  earth  falling  upon  the  moon  causes  an 
eclipse  of  the  moon.  An  eclipse  of  the  moon 
can  only  take  place  at  full  moon,  when  the 
earth  is  between  the  sun  and  the  moon  ;  and 
an  eclipse  of  the  sun  can  only  happen  at  new 
moon,  when  the  moon  comes  between  the  sun 
and  the  earth.  Lunar  eclipses  are  visible  in 
all  parts  of  the  earth  which  have  the  moon 
above  their  horizon,  and  are  every  where  of 
the  same  magnitude  and  duration  ;  but  a  solar 
eclipse  is  never  seen  throughout  the  whole 
hemisphere  of  the  earth  where  the  sun  is 
visible;  as  the  moon's  disk  is  too  small  to 
hide  the  whole,  or  any  part  of  the  sun  from 
the  whole  disk  or  hemisphere  of  the  earth. 
Nor  does  an  eclipse  of  the  sun  appear  the 
same  in  all  parts  of  the  earth  where  it  is 
visible,  but  when  in  one  place  it  is  total,  in 
another  it  is  only  partial. 

The  moon's  orbit,  like  those  of  the  other 
planets,  is  in  the  form  of  an  ellipse,  the  eccen- 
tricity of  which  is  12,960  miles,  or  about 
1-37  part  of  its  longest  diameter.  The  moon 
is,  therefore,  at  different  distances  from  the 
earth  in  different  parts  of  her  orbit.  When 
at  the  greatest  distance  from  the  earth,  she  is 
said  to  be  in  her  apogee ;  when  at  the  least 
distance,  in  her  perigee.  The  nearer  the 
moon  is  to  the  periods  of  full  or  change,  the 
greater  is  her  velocity ;  and  the  nearer  to  the 
quadratures,  or  the  periods  of  half  moon,  the 
slower  she  moves.  When  the  earth  is  in  its 
perihelion,  or  nearest  the  sun,  the  periodical 
time  of  the  moon  is  the  greatest.  The  earth 
is  at  its  perihelion  in  winter,  and,  conse- 
quenly,  at  that  time  the  moon  will  describe 
the  largest  circle  about  the  earth,  and  her 
periodical  time  will  be  the  longest ;  but  when 
the  earth  is  in  its  aphelion,  or  furthest  from 
the  sun,  which  happens  in  summer,  she  will 
describe  a  smaller  circle,  and  her  periodical 
time  will  be  the  least,  all  which  circumstances 
are  found  to  agree  with  observation.  These 
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and  many  other  irregularities  in  the  motion 
of  this  orb,  which  it  would  be  too  tedious  to 
particularize,  arise  from  the  attractive  influ- 
ence of  the  sun  upon  the  lunar  orb  in  dif- 
ferent circumstances  arid  in  different  parts  of 
its  course,  so  as  to  produce  different  degrees 
of  accelerated  and  retarded  motion.  The 
irregularities  of  the  moon's  motion  have  fre- 
quently pu/.zled  astronomers  and  mathemati- 
cians, and  they  render  the  calculations  of  her 
true  place  in  the  heavens  a  work  of  consi- 
derable labour.  No  less  than  thirty  equations 
require  to  be  applied  to  iue  mean  longitude 
in  order  to  obtain  the  true,  and  about  twenty- 
four  equations  for  her  latitude  and  parallax  ; 
but  to  enter  minutely  into  such  particulars 
would  afford  little  satisfaction  to  general 
readers. 

Description  of  the  surface  of  the  Moon,  as 
seen  through  telescopes. — Of  all  the  celestial 
bodies,  the  telescopic  view  of  the  moon  pre- 
sents the  most  interesting  and  variegated  ap- 
pearance. We  perceive,  as  it  were,  a  map  or 
model  of  another  world,  resembling  in  some 
of  its  prominent  features  the  world  in  which 
we  dwell,  but  differing  from  it  in  many  of  its 
minute  arrangements.  It  bears  a  certain  ana- 
logy to  the  earth  in  some  of  the  mountains 
and  vales  which  diversify  its  surface ;  but  the 
general  form  and  arrangement  of  these  eleva- 
tions  and  depressions,  and  the  scenery  they 
present  to  a  spectator  on  the  lunar  surface, 
are  very  different  from  what  we  behold  in  our 
terrestrial  landscapes.  When  we  view  the 
moon  with  a  good  telescope  when  about  three 
days  old,  we  perceive  a  number  of  elliptical 
spots  with  slight  shadows,  evidently  indicating 
elevations  and  depressions ;  we  also  perceive 
a  number  of  bright  specks  or  studs  in  the 
dark  hemisphere,  immediately  adjacent  to  the 
enlightened  crescent,  and  the  boundary  be- 
tween the  dark  and  the  enlightened  portion 
of  the  disk  appears  jagged  and  uneven.  At 
this  time,  too,  we  perceive  the  dark  part  of 
the  moon  covered  with  a  faint  light ;  so  that 
the  whole  circular  outline  of  the  lunar  hemi- 
sphere may  be  plainly  discerned.  When  we 
take  a  view  of  the  lunar  surface,  at  the  period 
of  half  moon,  we  behold  a  greater  variety  of 
objects,  and  the  shadows  of  the  mountains 
and  caverns  appear  larger  and  more  promi- 
nent. This  is,  on  the  whole,  the  best  time 
for  taking  a  telescopic  view  of  the  surface  of 
the  moon.  When  we  view  her  when  ad- 
vanced to  a  gibbous  phase,  we  see  a  still 
greater  extent  of  the  surface,  but  the  shadows 
of  the  different  objects  are  shorter  and  less 
distinct.  At  the  time  of  full  moon,  no  sha- 
dows either  of  the  mountains  or  caverns  are 
perceptible,  but  a  variety  of  dark  and  bright 
streaks  and  patches  appear  distributed  in  dif- 
ferent shapes  over  all  its  surface.  If  we  had 


no  other  view  of  the  moon  but  at  this  period, 
we  should  scarcely  be  able  to  determine  whe- 
ther mountains  and  vales  existed  on  this  orb. 
The  view  of  the  fall  moon,  therefore,  how- 
ever beautiful  and  variegated,  can  give  us  no 
accurate  idea  of  the  mountains,  vales,  caverns, 
and  other  geographical  arrangements  which 
diversify  its  surface. 

Lunar  Mountains. — That  the  surface  of 
the  moon  is  diversified  with  mountains  or  high 
elevations,  is  evident  from  an  inspection  of  its 
disk,  even  with  a  common  telescope.  They 
are  recognized  from  various  circumstances 
1.  From  the  appearance  of  the  boundary 
which  separates  the  dark  from  the  enlightened 
hemisphere  of  the  moon.  This  boundary  is 
not  a  straight  line  or  a  regular  curve,  as  it 
would  be  if  the  moon  were  a  perfectly  smooth 
globe,  but  uniformly  presents  an  uneven  or 
jagged  appearance,  cut,  as  it  were,  into  nume- 
rous notches  and  breaks  somewhat  resembling 
the  teeth  of  a  saw,  which  appearance  can 
only  be  produced  by  elevations  and  depres- 
sions on  the  lunar  surface  (Fig.  79. ^  2.  Ad- 
Fig.  79. 


jacent  to  the  boundary  between   light  and 
darkness,  and  within   the  dark  part  of  the 
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Fig.  80. 


moon,  there  are  seen,  in  almost  every  stage  of 
the  moon's  increase  and  decrease,  a  number 
of  shining  points  like 
stars,  completely  sepa- 
rated from  the  enlight- 
ened parts,  and  some- 
times other  small 
spaces  or  streaks 
which  join  to  the  en- 
lightened surface,  but 
run  out  into  the  dark 
side,  which  gradually 
change  their  figure 
till  at  length  they 
come  wholly  with- 
in the  enlightened 

boundary.  These  shining  points  or  streaks 
are  ascertained  to  be  the  tops  or  highest 
ridges  of  mountains  which  the  sun  first 
enlightens  before  his  rays  can  reach  the 

Fig.  81. 


Fig.  82. 


valleys;  just  as  the  beams  of  the  rising  sun 
irradiate  our  mountain  tops  before  the  lower 
parts  of  the  landscape  are  enlightened.  3.  The 
shadows  of  the  mountains,  when  they  are  fully 
enlightened,  are  distinctly 
seen  near  the  border  of  the 
illuminated  part  of  the 
moon,  as  the  shadows  of 
elevated  objects  are  seen 
on  the  terrestrial  land- 
scape. These  shadows  are 
longest  and  most  distinctly 
marked  about  the  time  of 
half  moon  ;  and  they  grow 
shorter  as  the  lunar  orb  ad- 
vances to  the  period  of  full 
moon,  in  the  same  way  as 
the  shadows  of  terrestrial  objects  in  summer 
gradually  shorten  as  the  sun  approaches  the 
meridian.  These  considerations  demonstrate, 
beyond  the  possibility  of  doubt,  that  mountains 
of  very  considerable  altitude  and  in  vast  va- 
riety of  forms  abound  in  almost  every  region 
of  tiie  moon. 
456) 


The  lunar  mountains  in  general  exhibit  an 
arrangement  and  an  aspect  very  different  from 
the  mountain  scenery  of  our  globe.  They 
may  be  arranged  into  the  four  following  va- 
rieties: 1.  Insulated  mountains,  which  rise 
from  plains  nearly  level,  like  a  sugar  loaf 
placed  on  a  table,  and  which  may  be  supposed 
to  present  an  appearance  somewhat  similar  to 
Mount  Etna  or  the  peak  of  Teneriffe.  The 
shadows  of  these  mountains,  in  certain  phases 
of  the  moon,  are  as  distinctly  perceived  as  the 
shadow  of  an  upright  staff  when  placed  oppo- 
site to  the  sun  ;  and  their  heights  can  be  cal- 
culated from  the  length  of  their  shadows.  The 
heights  and  the  length  of  the^  base  of  more 
than  seventy  of  these  mountains  have  been 
calculated  by  M.  Schroeter,  who  had  long  sur- 
veyed the  lunar  face  with  powerful  telescopes, 
and  who  some  time  ago  published  the  result 
of  his  observations  in  a  work  entitled  "  Frag- 
ments of  Selenography."  Thirty  of  these  in- 
sulated mountains  are  from  2  to  5  miles  in 
perpendicular  height;  thirteen  are  above  4 
miles ;  and  about  forty  are  from  a  quarter  of  a 
mile  to  two  miles  in  altitude.  The  length  of 
their  bases  varies  from  3£  to  96  miles  in  ex- 
tent. Some  of  these  mountains  will  present 
a  very  grand  and  picturesque  prospect  around 
the  plains  in  which  they  stand.  2.  Ranges 
of  mountains,  extending  in  length  two  or 
three  hundred  miles.  These  ranges  bear  a 
distant  resemblance  to  our  Alps,  Apennines, 
and  Andes,  but  they  are  much  less  in  extent, 
and  do  riot  form  a  very  prominent  feature  of 
the  lunar  surface.  Some  of  them  appear  very 
rugged  and  precipitous,  and  the  highest  ranges 
are,  in  some  places,  above  four  miles  in  per- 
pendicular altitude.  In  some  instances  they 
run  nearly  in  a  straight  line  from  north-east  to 
south-west,  as  in  that  range  called  the  Apen- 
nines ;  in  other  cases  they  assume  the  form 
of  a  semicircle  or  a  crescent.  3.  Another 
class  of  the  lunar  mountains  is  the  circular 
ranges  which  appear  on  almost  every  part  of 
the  moon's  surface,  particularly  in  its  southern 
regions.  This  is  one  of  the  grand  peculiarities 
of  the  lunar  ranges,  to  which  we  have  nothing 
similar  in  our  terrestrial  arrangements.  A 
plain,  and  sometimes  a  large  cavity,  is  sur- 
lounded  with  a  circular  ridge  of  mountains, 
which  encompasses  it  like  a  mighty  rampart. 
These  annular  ridges  and  plains  are  of  all  di- 
mensions, from  a  mile  to  forty  or  fifty  miles  in 
diameter,  and  are  to  be  seen  in  great  numbers 
over  every  region  of  the  moon's  surface.  The 
mountains  which  form  these  ridges  are  of  dif- 
ferent elevations,  from  one  fifth  of  a  mile  to  3£ 
miles  in  altitude,  and  their  shadows  sometimes 
cover  the  one  half  of  the  plain.  These  plains 
are  sometimes  on  a  level  with  the  general  sur- 
face of  the  moon,  and  in  other  cases  they  are 
sunk  a  mile  or  more  below  the  level  of  the 
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ground  which  surrounds  the  exterior  circle  of 
the  mountains.  In  some  of  these  circular 
ridges  I  have  perceived  a  narrow  pass  or  open- 
ing, as  if  intended  to  form  an  easy  passage  or 
communication  between  the  interior  plain  and 
the  regions  beyond  the  exterior  of  the  moun- 
tains. 4.  The  next  variety  is  the  central 
mountains,  or  those  which  are  placed  in  the 
middle  of  circular  plains.  In  many  of  the 
plains  and  cavities  surrounded  by  annular 
mountains  there  is  an  insulated  mountain, 
which  rises  from  the  centre  of  the  plain,  and 
whose  shadow  sometimes  extends,  in  a  pyra- 
midal form,  across  the  semidiameter  of  the 
plain  to  the  opposite  ridges.  These  central 
mountains  are  generally  from  half  a  mile  to  a 
mile  and  a  half  in  perpendicular  altitude.  In 
some  instances  they  have  two  arid  sometimes 
three  separate  tops,  whose  distinct  shadows 
can  be  easily  distinguished.  Sometimes  they 
are  situated  towards  one  side  of  the  plain  or 
cavity,  but,  in  the  great  majority  of  instances, 
their  position  is  nearly  or  exactly  central.  The 
lengths  of  their  bases  vary  from  five  to  about 
fifteen  or  sixteen  miles. 

The  preceding  figures  may  perhaps  convey 
a  rude  idea  of  some  of  the  objects  now  de- 
Fig.  83. 
North. 


would  require  to  be  engraved  on  a  much  more 
extensive  scale  than  our  page  admits  to  show 
distinctly  the  elevations  and  depressions  at 
the  boundary  between  light  and  darkness. 
Fig.  85  (Nos.  1  and  2)  represent  some  de- 
tached spots  near  the  line  which  separated 
the  dark  and  enlightened  parts  of  the  moon. 
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scribed  ;  but  it  is  impossible,  by  any  dejinea- 
tions,  to  convey  an  idea  of  the  peculiarities 
and  the  vast  variety  of  scenery  which  the 
lunar  surface  presents,  such  as  is  exhibited 
by  a  powerful  telescope  during  the  differ- 
ent stages  of  the  increase  and  decrease  of  the 
moon. 

Fig.  79  represents  the  moon  in  a  crescent 
phase,  for  the  purpose  of  showing  how  the 
enlightened  tops  of  the  mountains  appear  on 
the  dark  part  of  the  moon,  detached  as  it 
were  from  the  enlightened  part,  and  likewise 
to  show  how  the  boundary  between  the  light 
and  darkness  appears  jagged  and  uneven, 
indicating  the  existence  of  elevations  and 
depressions  upon  its  surface.  Fig.  80  repre- 
sents a  circular  or  elliptical  range  of  moun- 
tains, surrounding  a  plain  of  the  same  shape, 
where  the  shadow  of  that  side  of  the  range 
which  is  opposite  to  the  sun  appears  covering 
the  half  of  the  plain.  Fig.  81  represents  a 
circular  plain,  with  the  shadow  of  one  side 
of  the  mountains  which  encompass  it,  and  a 
central  mountain  with  its  shadow  in  the  same 
direction.  Fig.  82  exhibits  another  of  these 
circular  ridges  and  plains.  Several  hundreds 
of  these  circular  cavities  and  plains  are  dis- 
tributed over  the  lunar  surface, 
but  they  are  most  abundant  in  the 
southern  regions. 

Fig.  83  exhibits  a  pretty  correct 
view  of  the  full   moon,   as   seen 
through    a   telescope    magnifying 
above  a  hundred  times,  in  which 
the   darker   shades   represent,  foi 
the  most  part,  the  level  portions 
of  the   moon's   surface,    and   the 
lighter    shades    those   which    are 
more    elevated    or    mountainous. 
The  bright  spot  near  the  bottom, 
from  which  streaks  or  streams  of 
light   seem   to   proceed,  is  called 
Tycho  by  some,  and  Mount  Etna 
by  others.     It  consists  of  a  large 
irregular    cavity,    surrounded    by 
mountains ;  and  the  streaks  of  light 
are  the  elevated  ridges  of  ranges 
of  mountains,  which  seem  to  con- 
verge towards  it  as  to  a  centre. 
This  is  the  most  variegated  and 
mountainous  region  of  the  lunar 
surface.    Fig.  84  is  a  view  of  the 
moon,  hastily  taken,  when   in   a 
gibbous  phase.  The  shadows  were 
then  comparatively  short,  and   it 
From  what  has  been  now  stated  respecting 
the  lunar  mountains,  it  will  evidently  appear 
that  there  must  be  a  great  variety  of  sublime 
and  picturesque  scenery  connected  with  the 
various  landscapes  of  the  moon.     If  the  sur- 
face of  that  orb  be  adorned  with  a  diversity  of 
colour  and  with  something  analogous  to  the 
2  Q 
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vegetation  of  our  globe,  there  must  be  present' 
ed  to  the  view  of  a  spectator  in  the  moon  a 

Fig.  84. 


Fig.  85.  (No.  1.) 


same  time,  be  opened  of  a  portion  of  those  re- 
gions which  lie  beyond  the  exterior  boundary 
of  the  mountains  (see  Fig.  81.)  A  diversity 
of  scenery  will  likewise  be  presented  by  the 
shadows  of  the  circular  range  and  the  central 
mountain.  When  the  sun  is  in  the  horizon,  the 
whole  plain  will  be  enveloped  in  the  shadows 
of  the  mountains,  even  after  daylight  begins 
to  appear.  These  shadows  will  grow  shorter 
arid  shorter  as  the  sun  rises  in  the  heavens  ; 
but  a  space  of  time  equal  to  one  or  two  of  our 
days  will  intervene  before  the  body  of  the  sun 
is  seen  from  the  opposite  side  of  the  plain, 
rising  above  the  mountain  tops ;  and  a  still 
longer  space  of  time  before  his  direct  rays  are 
seen  at  the  opposite  extremity.  These  shadows 
are  continually  varying ;  during  the  increase 
of  the  moon  they  are  thrown  in  one  direction, 
and  during  the  decrease  in  a  direction  exactly 
opposite ;  and  it  is  only  about  the  time  of  full 
moon  that  every  part  of  the  plain,  and  the 
mountains  which  surround  it,  are  fully  en- 
lightened, and  the  shadows  disappear.  There 
most,  therefore,  be  a  far  greater  variety  of 
(458) 


variety  of  scenes  altogether  dissimilar  to  those 
which  we  can  contemplate  oa  this  earth. 
The  circular  plains  and  moun- 
tains will  present  three  or  four 
varieties  of  prospect,  of  which 
we  have  no  examples  on  our 
globe.  In  the  first  place,  a 
•pectator  near  the  middle  of  the 
plane  will  behold  his  view 
bounded  on  every  hand  by  a 
chain  of  lofty  mountains,  at  the 
distance  of  5,  10,  15,  or  20 
miles,  according  to  the  diameter 
of  the  plain ;  and  as  the  tops  of 
these  mountains  are  at  different 
elevations,  they  will  exhibit  a 
variety  of  mountain  scenery.  In 
the  next  place,  when  standing 
on  the  top  of  the  central  moun- 
tain, the  whole  plain,  with  its 
diversified  objects,  will  be  open 
to  his  view,  which  will  likewise 
take  in  all  the  variety  of  objects 
connected  with  the  circular 
mountain-range  which  bounds 
his  prospect.  A  third  variety 
of  view  will  be  presented  in 
travelling  round  the  plain,  where 
the  various  aspects  of  the  central 
mountain  will  present,  at  every 
stage,  a  new  landscape  and  a 
diversity  of  prospect.  Another 
view,  still  more  extensive,  will 
be  obtained  by  ascending  to  the 
summit  of  the  circular  range, 
where  the  whole  plain  and  its 
central  mountain  will  be  full  in 
view,  and  a  prospect  will,  at  the 
sublime  mountain-scenery,  arid  of  picturesque 
objects  connected  with  it,  on  the  lunar  surface, 
than  what  is  presented  to  our  view  in  terres- 
trial landscapes. 

The  Lunar  Caverns. — These  form  a  very 
peculiar  and  prominent  feature  of  the  moon's 
surface,  and  are  to  be  seen  throughout  almost 
every  region ;  but  are  most  numerous  in  the 
south-west  part  of  the  moon.  Nearly  a  hun- 
dred of  them,  great  and  small,  may  be  distin- 
guished in  that  quarter.  They  are  all  nearly 
of  a  circular  shape,  and  appear  like  a  very 
shallow  egg-cup.  The  smaller  cavities  appear 
within  almost  like  a  hollow  cone,  with  the 
sides  tapering  towards  the  centre ;  but  the 
larger  ones  have,  for  the  most  part,  flat  bot- 
toms, from  the  centre  of  which  there  frequently 
rises  a  small  steep  conical  hill,  which  gives 
them  a  resemblance  to  the  annular  ridges  and 
central  mountains  above  described.  In  some 
instances  their  margins  are  level  with  the 
general"surface  of  the  moon,  but  in  most  cases 
they  are  encircled  with  a  high  annular  ridge 
of  mountains  marked  with  lofty  peaks.  Some 
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of  the  larger  of  these  cavities  contain  smaller 
cavities  of  the  same  kind  and  form,  particu- 
larly in  their  sides.  The  mountainous  ridges 
which  surround  these  cavities  reflect  the 
greatest  quantity  of  light;  and  hence  that 
region  of  the  moon  in  which  they  abound 
appears  brighter  than  any  other.  From  their 
lying  in  every  possible  direction,  they  appear, 
at  and  near  the  time  of  full  moon,  like  a 
number  of  brilliant  streaks  or  radiations. 
These  radiations  appear  to  converge  towards 
a  large  brilliant  spot  surrounded  by  a  faint 
shade,  near  the  lower  part  of  the  moon,  which 
is  known  by  the  name  of  Tycho,  and  which 
every  one  who  views  the  full  moon,  even  with 
a  common  telescope,  ma}  easily  distinguish. 
In  regard  to  their  dimensions,  they  are  of  all 
sizes,  from  three  miles  to  fifty  miles  in  dia- 
meter at  the  top ;  and  their  depth  below  the 
general  level  of  the  lunar  surface  varies  from 
one-third  of  a  mile  to  three  miles  and  a  half. 
Twelve  of  these  cavities,  as  measured  by 
Schroeter,  were  found  to  be  above  two  miles 
in  perpendicular  depth.  These  cavities  con- 
stitute a  peculiar  feature  in  the  scenery  of 
the  moon,  and  in  her  physical  constitution, 
which  bears  scarcely  any  analogy  to  what  we 
observe  in  the  physical  arrangements  of  our 
globe.  But,  however  different  such  arrange- 
ments may  appear  from  what  we  see  around 
us  in  the  landscapes  of  the  earth,  and  however 
unlikely  it  may  at  first  sight  appear  that  such 
places  should  be  the  abode  of  intelligent 
beings,  I  have  no  doubt  that,  in  point  of 
beauty,  variety,  and  sublimity,  those  spacious 
hollows,  with  all  their  assemblage  of  circular 
and  central  mountain-scenery,  will  exceed  in 
interest  and  grandeur  any  individual  scene  we 
can  contemplate  on  our  globe.  We  have  only 
to  conceive  thai  such  places  are  diversified  and 
adorned  with  all  the  vegetable  scenery  which 
we  reckon  beautiful  and  picturesque  in  a 
terrestrial  landscape,  and  with  objects  which 
are  calculated  to  reflect  with  brilliancy  the 
solar  rays,  in  order  to  give  such  an  idea  of 
the  grandeur  of  the  scene.  And  that  the  ob- 
jects connected  with  these  hollows  are  formed 
of  substances  fitted  to  reflect  the  rays  of  the 
sun  with  peculiar  lustre,  appears  from  the 
brilliancy  which  most  of  them  exhibit  when 
either  partially  or  wholly  enlightened ;  pre- 
senting to  view,  especially  at  full  moon,  the 
most  luminous  portions  of  the  lunar  surface, 
so  that  former  astronomers  were  led  to  com- 
pare them  to  rocks  of  diamond. 

W/t ether  there  be  any  evidence  of  Volca- 
noes in  the  Moon. — From  a  consideration  of 
the  broken  and  irregular  ground,  and  the  deep 
caverns  which  appear  in  different  parts  of  the 
moon's  surface,  several  astronomers  were  led 
to  conjecture  that  such  irregularities  were  of 
volcanic  origin.  These  conjectures  were  sup- 


posed to  be  confirmed  by  the  appearance  of 
certain  luminous  points,  which  were  occasion- 
ally seen  on  the  dark  part  of  the  moon.  Dur- 
ing the  annular  eclipse  of  the  sun  on  the  24th 
of  June,  1778,  Don  Ulloa  perceived,  near  the 
north-west  limb  of  the  moon,  a  bright  white 
spot,  which  he  imagined  to  be  the  light  of  the 
sun  shining  through  an  opening  in  the  moon. 
This  phenomenon  continued  about  a  minute 
and  a  quarter,  and  was  noticed  by  three  differ- 
ent observers.  Beccaria  observed  a  similar 
spot  in  1772.  M.  Bode,  of  Berlin,  M.  de 
Villeneuve,  M.  Nouet,  Captain  Kater,  and 
several  others,  at  different  times  observed  simi- 
lar phenomena,  some  of  which  had  the  ap- 
pearance of  a  small  nebula,  or  a  star  of  the 
sixth  magnitude,  upon  the  dark  part  of  the 
lunar  disk.  Sir  W.  Herschel,  in  1787,  ob- 
served similar  phenomena,  which  he  ascribes 
to  the  eruption  of  volcanoes.  The  following 
is  an  extract  from  his  account  of  those  pheno- 
mena:  "April  19,  1787,  10A.  36m.  I  per- 
ceive three  volcanoes  in  different  places  of  the 
dark  part  of  the  new  moon.  Two  of  them 
are  already  nearly  extinct,  or  otherwise  in  a 
state  of  going  to  break  out ;  the  third  shows 
an  eruption  of  fire  or  luminous  matter.  The 
distance  of  the  crater  from  the  northern  limb 
of  the  moon  is  3'  51" \  its  light  is  much  brighter 
than  the  nucleus  of  the  comet  which  M.  Me- 
chain  discovered  at  Paris  on  the  10th  of  this 
month."  "April  20,  10A.  The  volcano  burns 
with  greater  violence  than  last  night ;  its  dia- 
meter cannot  be  less  than  three  seconds ;  and 
hence  the  shining  or  burning  matter  must  be 
above  three  miles  in  diameter.  The  appear- 
ance resembles  a  small  piece  of  burning  char- 
coal when  it  is  covered  by  a  very  thin  coat 
of  white  ashes,  and  it  has  a  degree  of  bright- 
ness about  as  strong  as  that  with  which  such 
a  coal  would  be  seen  to  glow  in  faint  day- 
light." 

Such  are  some  of  the  phenomena  from 
which  it  has  been  concluded  that  volcanoes 
exist  in  the  moon.  That  such  appearances 
indicate  the  existence  of  fire  or  some  species 
of  luminosity  on  the  lunar  surface,  is  readily 
admitted  ;  but  they  by  no  means  prove  that 
any  thing  similar  to  terrestrial  volcanoes  exist 
in  that  orb.  We  err  egregriously  when  we 
suppose  that  the  arrangements  of  other  worlds 
must  be  similar  to  those  on  our  globe,  espe- 
cially when  we  perceive  the  surface  of  the  moon 
arranged  in  a  manner  so  very  different  from 
that  of  the  earth.  We  have  no  right  to  con- 
clude that  burning  mountains  abound  in  the 
moon  because  these  are  the  only  large  streams 
of  fire  that  occasionally  burst  forth  from  cer- 
tain points  on  our  globe.  For  there  are  many 
other  causes  of  which  we  are  ignorant,  and 
which  may  be  peculiar  to  the  moon,  which 
may  produce  the  occasional  gleams  or  illumi- 
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nations  to  which  we  allude.  The  conflagra- 
tion of  a  large  forest,  such  as  happened  a  few 
years  ago  at  Miramichi,  the  blazing  of  large 
tracts  of  burning  heath,  the  illumination  of  a 
large  town,  or  the  conflagration  of  such  a  city 
as  Moscow,  would,  in  all  probability,  present 
to  a  spectator  in  the  moon  luminous  specks 
such  as  those  which  astronomers  have  ob- 
served on  the  dark  portion  of  the  lunar  orb. 
Such  luminosities  in  the  moon  may  possibly 
be  of  a  phosphoric  nature,  or  a  mere  display 
of  some  brilliant  artificial  scenery  by  the  in- 
habitants of  that  planet.  Schroeter  is  of  opi- 
nion that  most  of  these  appearances  are  to 
be  ascribed  to  the  light  reflected  from  the  earth 
to  the  dark  part  of  the  moon's  disk,  which  re- 
turns it  from  the  tops  of  the  mountains  under 
various  angles,  and  with  different  degrees  of 
brightness ;  and  from  various  observations  I 
have  made  on  the  dark  portion  of  the  moon, 
when  about  two  or  three  days  old,  and  from 
the  degree  of  brightness  with  which  some  of 
the  small  spots  have  frequently  appeared,  I 
am  disposed  to  consider  this  opinion  as  highly 
probable. 

The  existence  of  volcanoes  on  our  globe  is 
scarcely  to  be  considered  as  a  part  of  its  ori- 
ginal constitution.  Such  appalling  and  de- 
structive agents  appear  altogether  inconsistent 
with  the  state  of  an  innocent  being  formed 
after  the  Divine  image ;  and,  therefore,  we 
have  no  reason  to  believe  that  they  existed  in 
the  primitive  age  of  the  world,  while  man  re- 
mained in  his  paradisiacal  state,  but  began 
to  operate  only  after  the  period  of  the  uni- 
versal deluge,  when  the  primitive  constitution 
of  our  globe  was  altered  and  deranged,  and 
when  earthquakes,  storms,  and  tempests  began, 
at  the  same  time,  to  exert  their  destructive 
energies.  They  are  thus  to  be  considered  as 
an  evidence  or  indication  that  man  is  no  longer 
in  a  state  of  moral  perfection  and  that  his  ha- 
bitation now  corresponds  with  his  character  as 
a  sinner.  To  suppose,  therefore,  that  such  de- 
structive agents  exist  in  the  moon,  would  be 
virtually  to  admit  that  the  inhabitants  of  that 
planet  are  in  the  same  depraved  condition  as 
the  inhabitants  of  this  world.  The  same  thing 
may  be  said  with  regard  to  a  pretended  dis- 
covery which  was  announced  some  years  ago, 
that  "  there  are  fortifications  in  the  moon  ;" 
for,  if  such  objects  really  existed,  it  would  be 
a  plain  proof  that  the  inhabitants  were  engaged 
in  wars  and  contentions,  and  animated  with 
the  same  diabolical  principles  of  pride,  ambi- 
tion, and  revenge,  which  have  ravaged  our 
globe  and  demoralized  its  inhabitants. 

WJiether  there  he  Seas  in  the  Moon  is  a 
question  which  has  engaged  the  attention  of 
astronomers,  and  which  demands  a  few  re- 
marks. When  we  view  the  moon  through  a 
good  telescope,  we  perceive  a  number  of  large 
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dark  spots,  of  different  dimensions,  some  of 
which  are  visible  to  the  naked  eye.  These 
spots,  in  the  early  observations  of  the  moon  with 
telescopes,  were  generally  supposed  to  be  large 
collections  of  water  similar  to  our  seas,  and 
the  names  given  them  by  Hevelius,  such  as 
Mare  Crisium,  Mare  Imbrium,  &c.,  are 
founded  on  this  opinion.  The  general  smooth- 
ness of  these  obscure  regions,  and  the  con- 
sideration that  water  reflects  less  light  than  the 
land,  induced  some  astronomers  to  draw  this 
conclusion.  But  there  appears  no  solid  ground 
for  entertaining  such  an  opinion  ;  for,  in  the 
first  place,  when  these  dark  spots  are  viewed 
with  good  telescopes,  they  are  found  to  con- 
tain numbers  of  cavities,  whose  shadows  are 
distinctly  perceived  falling  within  them,  which 
can  never  happen  in  a  sea  or  smooth  liquid 
body  ;  and  besides,  several  insulated  moun- 
tains, whose  shadows  are  quite  perceptible,  are 
found  here  and  there  in  these  supposed  seas. 
In  the  next  place,  when  the  boundary  of  light 
and  darkness  passes  through  these  spots,  it  is 
not  exactly  a  straight  line  or  a  regular  curve, 
as  it  ought  to  be  were  those  parts  perfectly 
level  like  a  sheet  of  water,  but  appears  slightly 
jagged  or  uneven.  I  have  inspected  these 
spots  hundreds  of  times,  with  powers  of  150, 
180,  and  230  times,  and  in  every  instance, 
and  in  every  stage  of  the  moon's  increase  and 
decrease,  gentle  elevations  and  depressions 
were  seen,  similar  to  the  wavings  or  inequali- 
ties which  are  perceived  upon  a  plain  or  coun- 
try generally  level.  There  are  scarcelv  any 
parts  of  these  spots  in  which  slight  elevations 
may  not  be  seen.  In  many  of  them  the  light 
and  shade,  indicating  the  inequality  of  sur- 
face, are  quite  perceptible  ;  and  in  certain  parts 
ridges  nearly  parallel,  of  slight  elevation,  with 
interjacent  plains,  are  distinctly  visible.  These 
dark  spots,  therefore,  must  be  considered  as 
extensive  plains  diversified  with  gentle  eleva- 
tions and  depressions,  and  consisting  of  sub- 
stances calculated  to  reflect  the  light  of  the 
sun  with  a  less  degree  of  intensity  than  the 
other  parts  of  the  lunar  surface.  These  plains 
are  of  different  dimensions,  from  40  or  50  to 
700  miles  in  extent,  and  they  occupy  more 
than  one-third  of  that  hemisphere  of  the  moon 
which  is  seen  from  the  earth,  and,  consequent- 
ly, will  contain  nearly  three  millions  of  square 
miles.  As  the  moon,  therefore,  is  diversified 
with  mountains  and  cavities  of  forms  altoge- 
ther different  from  those  of  our  globe,  so  the 
plains  upon  the  surface  of  that  orb  are  far 
more  varied  and  extensive  than  the  generality 
of  plains  which  are  found  on  the  surface  of 
the  earth.  It  is  a  globe  diversified  with  an 
immense  variety  of  mountain  scenery,  and 
at  the  same  time,  abounding  with  plains  and 
valleys  of  vast  extent.  But  there  appear  to 
be  no  seas,  oceans,  or  any  large  collections  of 
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water,  though  it  is  possible  that  small  lakes 
or  rivers  may  exist  on  certain  parts  of  its  sur- 
face. As  we  see  only  one  side  of  the  moon 
from  the  earth,  we  cannot  tell  what  objects  or 
arrangements  may  exist  on  its  opposite  hemi- 
sphere, though  it  is  probable  that  that  hemi- 
sphere does  not  differ  materially  in  its  scenery 
and  arrangements  from  those  which  are  seen 
on  the  side  which  is  turned  towards  the  earth. 
Atmosphere  of  the  Moon. — Whether  the 
moon  has  an  atmosphere,  or  body  of  air  simi- 
lar to  that  which  surrounds  the  earth,  has  been 
a  subject  of  dispute  among  astronomers.  On 
the  one  side,  the  existence  of  such  an  atmo- 
sphere is  denied,  because  the  stars  which  dis- 
appear behind  the  body  of  the  moon  retain 
their  full  lustre  till  they  seem  to  touch  its 
very  edge,  and  then  they  vanish  in  a  moment ; 
which  phenomenon,  it  is  supposed,  would  not 
happen  if  the  moon  were  encompassed  with 
an  atmosphere.  On  the  other  hand,  it  has 
been  maintained  that  the  phenomena  frequent- 
ly attending  eclipses  of  the  sun  furnish  argu- 
ments for  the  existence  of  a  lunar  atmosphere. 
It  has  been  observed  on  different  occasions 
that  the  moon  in  a  solar  eclipse  was  sur- 
rounded with  a  luminous  ring,  which  was 
most  brilliant  on  the  side  nearest  the  moon  ; 
that  the  sharp  horns  of  the  solar  crescent  have 
been  seen  blunted  at  their  extremities  during 
total  darkness ;  that,  preceding  the  emersion,  a 
long  narrow  streak  of  dusky  red  light  has 
been  seen  to  colour  the  western  limb  of  the 
moon  ;  and  that  the  circular  figure  of  Jupiter, 
Saturn,  and  the  fixed  stars  has  been  seen 
changed  into  an  elliptical  one  when  they  ap- 
proached either  the  dark  or  the  enlightened 
limb  of  the  moon ;  all  which  circumstances  are 
considered  as  indications  of  a  lunar  atmo- 
sphere. The  celebrated  M.  Schroeter,  of 
Lilienthal,  made  numerous  observations  in 
order  to  determine  this  question,  and  many 
respectable  astronomers  are  of  opinion  that  his 
observations  clearly  prove  the  existence  of  an 
atmosphere  around  the  moon.  He  discovered 
near  the  moon's  cusps  a  faint  gray  light  of  a 
pyramidal  form,  extending  from  both  cusps 
into  the  dark  hemisphere,  which,  being  the 
moon's  twilight,  must  necessarily  arise  from 
its  atmosphere.  It  would  be  too  tedious  to 
detail  all  the  observations  of  Schroeter  on  this 
point;  but  the  following  are  the  general  con- 
clusions :  "  That  the  inferior  or  more  dense 
part  of  the  moon's  atmosphere  is  not  more 
than  1500  English  feet  high;  and  that  the 
height  of  the  atmosphere  where  it  could  affect 
the  brightness  of  a  fixed  star,  or  inflect  the 
solar  rays,  does  not  exceed  5742  feet,"  or  little 
more  than  an  English  mile.  A  fixed  star  will 
pass  over  this  space  in  less  than  two  seconds 
of  time ;  and  if  it  emerge  at  a  part  of  the 
moon's  limb  where  there  is  a  ridge  of  moun- 


tains, scarcely  any  obscuration  can  be  per- 
ceptible. 

On  the  whole,  it  appears  most  probable  that 
the  moon  is  surrounded  with  a  fluid  which 
serves  the  purpose  of  an  atmosphere,  although 
this  atmosphere,  as  to  its  nature,  composition. 
and  refractive  power,  may  be  very  different 
from  the  atmosphere  which  surrounds  the 
earth.  It  forms  no  proof  that  the  moon  or  any 
of  the  planets  is  destitute  of  an  atmosphere 
because  its  constitution,  its  density,  and  its 
power  of  refracting  the  rays  of  light  are  differ- 
ent from  ours.  An  atmosphere  may  surround 
a  planetary  body,  and  yet  its  parts  be  so  fine 
and  transparent  Uiat  the  rays  of  light  from  a 
star  or  any  other  body  may  pass  through  it 
without  being  in  the  least  obscured  or  chang- 
ing their  direction.  In  our  reasonings  on  this 
subject  we  too  frequently  proceed  on  the  false 
principle  that  every  thing  connected  with  othei 
worlds  must  bear  a  resemblance  to  those  on 
the  earth.  But  as  we  have  seen  that  the  sur- 
face of  the  moon,  in  respect  to  its  mountains, 
caverns,  and  plains,  is  very  differently  arranged 
from  what  appears  on  the  landscape  of  our 
globe,  so  we  have  every  reason  to  conclude 
that  the  atmosphere  with  which  that  orb  may 
be  surrounded  is  materially  different  in  its 
constitution  and  properties  from  that  body  of 
air  in  which  we  move  and  breathe ;  and  it  is 
highly  probable,  from  the  diversity  of  arrange- 
ments which  exists  throughout  the  planetary 
system,  that  the  atmospheres  of  all  the  planets 
are  variously  constructed,  and  have  properties 
different  from  each  other.  Whatever  may  be 
the  nature  of  the  moon's  atmosphere,  it  is  evi- 
dent that  nothing  similar  to  clouds  exists  in  it, 
otherwise  they  would  be  quite  perceptible  by 
the  telescope ;  and  hence  we  may  conclude 
that  neither  hail,  snow,  rain,  nor  tempests  dis- 
turb its  serenity ;  for  all  the  parts  uniformly 
present  a  clear,  calm,  and  serene  aspect,  as  if 
its  inhabitants  enjoyed  a  perpetual  spring. 

Magnitude  of  the  Moon. — The  distance  of 
the  moon  from  the  earth  is  determined  from 
its  horizontal  parallax  ;  and  this  distance,  com- 
pared with  its  apparent  angular  diameter, 
gives  its  real  or  linear  diameter.  The  mean 
horizontal  parallax  is  fifty-seven  minutes, 
thirty-four  seconds,  and  the  mean  apparent 
diameter  thirty-one  minutes,  twenty-six  se- 
conds. From  these  data  it  is  found  that  the 
real  diameter  of  the  moon  is  2180  miles,  which 
is  little  more  than  the  one  fourth  of  the  diame- 
ter of  the  earth.  The  real  magnitude  of  the 
moon,  therefore,  is  only  about  one  forty-ninth 
part  of  that  of  the  earth.  This  is  found  by 
dividing  the  cube  of  the  earth's  diameter  by 
the  cube  of  the  moon's,  and  the  quotient  will 
express  the  number  of  times  that  the  bulk  of 
the  earth  exceeds  that  of  the  moon ;  for  the 
real  bulk  of  globes  is  in  proportion  to  the  cubes 
2  d  2 
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of  their  diameters.  Although  the  apparent 
size  of  the  moon  appears  equal  to  that  of  the 
sun,  yet  the  difference  of  their  real  bulk  is 
very  great,  for  it  would  require  more  than 
sixty-three  millions  of  globes  of  tliesize  of  the 
moon  to  form  a  globe  equal  in  magnitude  to 
that  of  the  sun.  Its  surface,  notwithstanding, 
contains  a  very  considerable  area,  comprising 
nearly  15,000,000  of  square  miles,  or  about 
one  third  of  the  habitable  parts  of  our  globe  ; 
and  were  it  as  densely  peopled  as  England,  it 
would  contain  a  population  amounting  to  four 
thousand  two  hundred  millions,  which  is 
more  than  five  times  the  population  of  the 
earth ;  so  that  the  moon,  although  it  ranks 
among  the  smallest  of  the  celestial  bodies, 
may  contain  a  population  of  intelligent  beings 
far  more  numerous,  and  perhaps  far  more  ele- 
vated in  the  scale  of  intellect,  than  the  inhabit- 
ants of  our  globe. 

Whether  it  may  be  possible  to  discover  the 
inhabitants  of  the  moon  is  a  question  which 
has  been  sometimes  agitated.  To  such  a 
question  I  have  no  hesitation  in  replying, 
that  it  is  highly  improbable  that  we  shall  ever 
obtain  a  direct  view  of  any  living  beings  con- 
nected with  the  moon  by  means  of  any  tele- 
scopes which  it  is  in  the  power  of  man  to  con- 
struct. The  greatest  magnifying  power  which 
has  ever  been  applied,  with  distinctness,  to 
the  moon,  does  not  much  exceed  a  thousand 
times ;  that  is,  makes  the  objects  in  the  moon 
appear  a  thousand  times  larger  and  nearer  to 
the  naked  eye.  But  even  a  power  of  a  thou- 
sand times  represents  the  objects  on  the  lunar 
surface  at  a  distance  of  240  miles,  at  which 
distance  no  living  beings,  although  they  were 
nearly  of  the  size  of  a  kraken,  could  be  per- 
ceived. Even  although  we  could  apply  a 
power  of  ten  thousand  times,  lunar  objects 
would  still  appear  24  miles  distant ;  and  at 
such  a  distance  no  animal,  even  of  the  size  of 
an  elephant  or  a  whale,  could  be  discerned. 
Besides,  we  ought  to  consider  that  we  have 
only  a  bird's-eye  mew  of  the  objects  on  the 
moon ;  and,  consequently,  supposing  any 
beings  resembling  man  to  exist  on  that  orb, 
we  could  only  perceive  the  diameter  of  their- 
heads,  as  an  aeronaut  does  when  he  surveys 
the  crowds  beneath  him  from  an  elevated  bal- 
loon. Nay,  though  it  were  possible  to  con- 
struct a  telescope  with  a  power  of  one  hun- 
dred thousand  times,  which  would  cause  the 
moon  to  appear  as  if  only  two  and  a  half 
miles  distant,  it  is  doubtful  if,  even  with  such 
an  instrument,  living  beings  could  be  per- 
ceived. We  ought  also  to  consider  that  nature 
has  set  certain  limits  to  the  magnifying  power 
of  telescopes ;  for,  although  we  could  apply 
such  powers  as  now  stated  to  any  telescope, 
the  vapours  and  undulations  of  the  atmo- 
•phere,  and  the  diurnal  motion  of  the  earth, 
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would  interpose  a  barrier  to  distinct  vision, 
and  as  the  quantity  of  light  is  diminished  in 
proportion  to  the  magnifying  power,  the  loss 
of  light  in  such  high  powers  would  prevent 
the  distinct  perception  of  any  object. 

But  although  we  can  never  hope  to  see  any 
of  the  inhabitants  of  the  moon  by  any  instru- 
ment constructed  by  human  ingenuity,  yet 
we  may  be  able  to  trace  the  operations  of 
sentient  or  intelligent  beings,  or  those  effects 
which  indicate  the  agency  of  living  beings. 
A  navigator  who  approaches  within  a  certain 
distance  of  a  small  island,  although  he  per- 
ceives no  human  beings  upon  it,  can  judge 
with  certainty  that  it  is  inhabited  if  he  per- 
ceive human  habitations,  villages,  corn-fields, 
or  traces  of  cultivation.     In  like  manner,  if 
we  could  perceive  changes  or  operations  in 
the  moon  which  could  be  traced  to  the  agency 
of  intelligent  beings,  we  should  then  obtain 
demonstrative  evidence  that  such  beings  exist 
on  that  planet;  and  I  have  no  doubt  that  it  is 
possible  to  trace  such  operations.   A  telescope 
which  magnifies  1200  times  will  enable  us  to 
perceive,  as  a  visible  point  on  the  surface  of 
the  moon,  an  object  whose  diameter  is  only 
about  100  yards  or  300  feet.     Such  an  object 
is  not  larger  than  many  of  our  public  edifices ; 
and,  therefore,  were  any  such  edifices  rearing 
in  the  moon,  or  were  a  town  or  city  extend- 
ing its  boundaries,  or  were  operations  of  this 
description  carrying  on  in  a  district  where  no 
such   edifices  had   previously   been   erected, 
such  objects  and  operations  might  probably 
be  detected  by  a  minute  inspection.     Were  a 
multitude   of  living   creatures   moving  from 
place  to  place  in  a  body,  or  were  they  encamp- 
ing in  an  extensive  plain  like  a  large  army, 
or  like  a  tribe  of  Arabs  in  the  desart,  and 
afterward  removing,  it  is  possible  that  such 
movements  might  be  traced  by  the  difference 
of  shade  or  colour  which  such   movements 
would    produce.     In    order   to   detect   such 
minute  objects  and  operations,  it  would  be 
requisite  that  the  surface  of  the  moon  should 
be  distributed  among  at  least  a  hundred  astro- 
nomers, each  having  a  spot  or  two  allotted 
him   as   the   object  of  his    more    particular 
investigation,  and   that   the   observations  be 
continued  for  a  period  of  at  least  thirty  or 
forty  years,  during  which  time  certain  changes 
would  probably  be  perceived,  arising  either 
from  physical  causes  or  from  the  operations 
of   living    agents.     But    although    no    such 
changes   should   ever   be   detected,  it  would 
form  no  proof  that  the  moon  is  destitute  of 
inhabitants;  for,  in  other  worlds,  intelligent 
beings  may  probably  enjoy  all  the  happiness 
congenial  to  their  natures  without  those  edi- 
fices or  artificial  accommodations  which  are 
requisite  for  man  in  this  terrestrial  abode.    In 
reference  to  the  subject  under  consideration. 
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Dr.  Olbcrs  is  fully  of  opinion  "  that  the  moon 
is  inhabited  by  rational  creatures,  and  that 
its  surface  is  more  or  less  covered  with  a 
vegetation  not  very  dissimilar  to  that  of  our 
own  earth."  Gruithuisen  maintains  that  he 
has  discovered,  by  means  of  his  large  achro- 
matic telescope,  "  great  artificial  works  in  the 
moon,  erected  by  the  lunarians."  And  lately, 
another  foreign  observer  maintains,  from  actual 
observation,  "that  great  edifices  do  exist  in  the 
moon."  I  am  of  opinion  that  all  such  an- 
nouncements are  premature  and  uncertain. 
Without  calling  in  question  the  accuracy  of 
the  descriptions  published  by  these  astrono- 
mers, there  is  some  reason  to  suspect  that 
What  they  have  taken  for  "edifices"  and 
"  artificial  works"  are  only  small  portions  of 
natural  scenery,  of  which  an  immense  variety, 
in  every  shape,  is  to  be  found  on  the  surface 
of  the  moon.  Future  and  more  minute 
observations  may,  however,  enable  us  to  form 
a  definite  opinion  on  this  subject.* 

It  has  sometimes  been  a  subject  of  specula- 
tion whether  it  might  be  possible,  by  any  sym- 
bols, to  correspond  with  the  inhabitants  of 
the  moon.  "  Gruithuisen,  in  a  conversation 
with  the  great  continental  astronomer  Gauss, 
after  describing  the  regular  figures  he  had 
discovered  in  the  moon,  spoke  of  the  possi- 
bility of  a  correspondence  with  the  lunar 
inhabitants.  He  brought  to  Gauss'  recollec- 
tion the  idea  he  had  communicated  many 
years  ago  to  Zimmerman.  Gauss  answered, 

*  A  short  time  ago  a  hoax  was  attempted  to  he 
played  off  on  the  public  in  relation  to  this  subject. 
An  article  entitled  "Wonderful  Discoveries  in 
the  Moon,  hy  Sir  John  Herschel,"  was  copied  into 
most  of  the  American,  French,  and  British  news- 
papers and  other  periodicals,  and  was  likewise 
published  in  a  separate  pamphlet.  It  is  not  a  little 
astonishing  how  easily  the  public  is  gulled  by 
such  extravagant  descriptions  as  were  contained 
in  this  pamphlet,  and  it  shows  the  ignorance  which 
still  prevails  among  the  great  mass  of  the  commu- 
nity in  every  country  in  relation  to  astronomy  and 
optics,  that  such  pretended  discoveries  should 
have  been  listened  to  even  for  a  moment.  For 
even  some  editors  of  newspapers  treated  the 
affair  in  a  grave  manner,  and  only  expressed  their 
doubts  on  the  subject,  plainly  indicating  that  they 
had  far  less  knowledge  ofthe  science  of  astronomy 
than  many  schoolboys  now  acquire.  The  title  of 
the  pamphlet  was  sufficient  to  convince  any  man 
of  common  understanding,  who  directed  his  atten- 
tion for  a  moment  to  the  subject,  that  the  whole 
was  a  piece  of  deception  ;  for  it  stated  that  "the 
object-glass  weighed  seven  tons,"  and  had  "a 
magnifying  power  of  42,000  times."  Now.  sup- 
posing such  a  power  had  been  used,  the  objects 
on  the  surface  of  the  moon  would  still  have 
appeared  more  than  five  miles  arid  two-thirds 
distant ;  and  how  could  an  animal,  even  of  the 
largest  size,  be  seen  at  such  a  distance  ?  Yet  the 
writer  of  the  pamphlet  declares  that  animals  such 
as  sleep,  and  cranes,  and  small  birds  were  not 
only  distinguished,  but  the  shape  and  colour  of 
their  horns,  eyes,  beard,  and  the  difference  of 
sexes,  were  perceived.  To  perceive  such  objects 
it  was  requisite  that  they  should  have  been 
brought  within  six  yards  instead  of  six  miles. 
The  author  might  have  rendered  his  description 


that  the  plan  of  erecting  a  geometrical  figure 
on  the  plains  of  Siberia  corresponded  with 
his  opinion,  because,  according  to  his  view,  a 
correspondence  with  the  inhabitants  of  the 
moon  could  only  be  begun  by  means  of  such 
mathematical  contemplations  arid  ideas  which 
we  and  they  must  have  in  common."f  Were 
the  inhabitants  of  the  moon  to  recognize  such 
a  figure,  erected  on  an  immense  scale,  as  a 
signal  of  correspondence,  they  might  perhaps 
erect  a  similar  one  in  reply.  But  it  is  ques- 
tionable whether  the  intention  of  such  a  signal 
would  be  recognized  ;  and  our  terrestrial  sove- 
reigns are  too  much  engaged  in  plunder  and 
warfare  to  think  of  spending  their  revenues  in 
so  costly  an  experiment;  and,  therefore,  it  is 
likely  that,  for  ages  to  come,  we  shall  remain 
in  ignorance  of  the  genius  of  the  lunar  in- 
habitants. Schemes,  however,  far  more  foolish 
and  preposterous  than  the  above  have  been 
contrived  and  acted  upon  in  every  age  of  the 
world.  The  millions  which  are  now  wasting 
in  the  pursuits  of  mad  ambition  and  destructive 
warfare  might,  with  far  greater  propriety,  be 
expended  in  constructing  a  large  triangle  or 
ellipsis,  of  many  miles  in  extent,  in  Siberia  or 
any  other  country,  which  might  at  the  same 
time  accommodate  thousands  of  inhabitants 
who  are  now  roaming  the  desarts  like  the 
beasts  of  the  forest. 

Whatever  may  be  the  arrangements  of  the 
the  moon  or  the  genius  of  its  inhabitants,  we 
know  that  it  forms  a  most  beautiful  and  bene- 

more  consistent  by  putting  a  power  of  300,000 
times  upon  his  imaginary  telescope,  since  he  had 
every  power  at  his  command,  so  as  to  have 
brought  the  objects,  at  least,  within  the  distance 
of  a  mile.  The  author  of  this  deception,  I  under- 
stand, is  a  young  man  in  the  city  of  New  York, 
who  makes  some  pretensions  to  scientific  acquire- 
ments, and  he  may  perhaps  be  disposed  to  con- 
gratulate himself  on  the  success  of  his  experiment 
on  the  public.  But  it  ought  to  be  remembered  that 
all  such  attempts  to  deceive  are  violations  of  the 
Jaws  of  the  Creator,  who  is  the  "  God  of  truth," 
and  who  requires  "truth  in  the  inward  parts;" 
and,  therefore,  they  who  wilfully  and  deliberately 
contrive  such  impositions  ought  to  be  ranked  in 
the  class  of  liars  and  deceivers.  The  "Law  of 
TVi/f/i"  ought  never  for  a  moment  to  be  sported 
with.  On  the  universal  observance  of  this  law 
depend  the  happiness  of  the  whole  intelligent  sys- 
tem and  the  foundations  of  the  throne  of  the  Eter- 
nal. The  greatest  part  of  the  evils  which  have 
afflicted  our  world  have  risen  from  a  violation  of 
this  law,  and  were  it  to  be  universally  violated, 
the  inhabitants  of  all  worlds  would  be  thrown 
into  a  state  of  confusion  and  misery,  and  creation 
transformed  into  a  chaos.  Besides,  the  propaga- 
tion of  such  deceptions  is  evidently  injurious  to 
the  interests  of  science.  For  when  untutored 
minds  and  the  mass  of  the  community  detect  such 
impositions,  they  are  apt  to  call  in  question  the 
real  discoveries  of  science,  as  if  they  were  only 
attempts  to  impose  on  their  credulity  It  is  to  be 
hoped  that  the  author  of  the  deception  to  which 
I  have  adverted,  as  be  advances  in  years  and  in 
wisdom,  will  perceive  the  folly  and  the  immorality 
of  such  conduct. 
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ficial  appendage  to  our  globe.  When  the 
sun  has  descended  below  the  western  horizon, 
the  moon  lights  up  her  lamp  in  the  azure 
firmament,  and  diffuses  a  mild  radiance  over 
the  landscape  of  the  world.  She  pours  her 
lustre  on  spacious  cities  and  lofty  mountains, 
glittering  on  the  ocean,  the  lakes,  and  rivers, 
and  opening  a  prospect  wide  as  the  eye  can 
reach,  which  would  otherwise  be  involved  in 
the  deepest  gloom.  As  the  son  of  Sirach 
has  observed,  "  She  is  the  beauty  of  heaven, 
the  glory  of  the  stars,  an  ornament  giving 
light  in  the  high  places  of  the  Lord."  She 
cheers  the  traveller  in  his  journeys,  the  shep- 
herd while  tending  his  fleecy  charge,  and  the 
mariner  while  conducting  his  vessel  at  mid- 
night through  the  boisterous  ocean.  She  re- 
turns to  us,  during  night,  a  portion  of  the 
solar  light  which  we  had  lost,  and  diffuses  a 
brilliancy  far  superior  to  that  which  we  derive 
from  all  the  stars  of  heaven.  If  we  intend  to 
prosecute  our  journeys  after  the  sun  has  left 
our  hemisphere,  the  moon,  in  her  increase, 
serves  as  a  magnificent  lamp  to  guide  our 
footsteps.  If  we  wish  to  commence  our  pro- 
gress at  an  early  hour  in  the  morning,  the 
moon,  in  her  decrease,  diffuses  a  mild  radiance 
in  the  east,  and  enables  us  to  anticipate  the 
dawn ;  and  if  we  choose  to  defer  our  journey 
till  the  period  of  full  moon,  this  celestial  lamp 
enables  us  to  enjoy,  as  it  were,  an  uninter- 
rupted day  of  twenty-four  hours  long.  By 
this  means  we  can  either  avoid  the  burning 
heats  of  summer,  or  despatch  such  business 
as  may  be  inexpedient  during  the  light  of  day. 
While  the  apparent  revolution  of  the  sun 
marks  out  the  year  and  the  course  of  the 
seasons,  the  revolution  of  the  moon  round  the 
heavens  marks  out  our  months ;  and,  by  re- 
gularly changing  its  figure  at  the  four  quarters 
of  its  course,  subdivides  the  month  into  periods 
of  weeks ;  and  thus  exhibits  to  all  the  nations 
of  the  earth  a  "  watchlight"  or  signal,  which 
every  seven  days  presents  a  form  entirely  new, 
for  marking  out  the  shorter  periods  of  duration. 
By  its  nearness  to  the  earth,  and  the  conse- 
quent increase  of  its  gravitating  power,  it 
produces  currents  in  the  atmosphere,  which 
direct  the  course  of  the  winds  and  purify  the 
aerial  fluid  from  noxious  exhalations;  it 
raises  the  waters  of  the  ocean,  and  penetrates 
the  regular  returns  of  ebb  and  flow,  by  which 
the  liquid  element  is  preserved  from  filth  and 
putrefaction.  It  extends  its  sway  even  over 
the  human  frame,  and  our  health  and  dis- 
orders are  sometimes  partially  dependent  on 
its  influence.  Even  its  eclipses,  and  those 
it  produces  of  the  sun,  are  not  without  their 
use.  They  tend  to  arouse  mankind  to  the 
study  of  astronomy  and  the  wonders  of  the 
firmament ;  they  serve  to  confirm  the  deduc- 
tions of  chronology,  to  direct  the  navigator, 
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and  to  settle  the  geographical  positions  of 
towns  and  countries ;  they  assist  the  astrono- 
mer in  his  celestial  investigations,  and  exhibit 
an  agreeable  variety  of  phenomena  in  the 
scenery  of  the  heavens.  In  short,  there  are 
terrestrial  scenes  presented  in  moonlight, 
which,  in  point  of  solemnity,  grandeur,  and 
picturesque  beauty,  far  surpass  in  interest,  to 
a  poetic  imagination,  all  the  brilliancy  and 
splendours  of  noonday.  Hence,  in  all  ages, 
a  moonlight  scene  has  been  regarded,  by  all 
ranks  of  men,  with  feelings  of  joy  and  senti- 
ments of  admiration.  The  following  descrip- 
tion of  Homer,  translated  into  English  verse 
by  Mr.  Pope,  has  been  esteemed  one  of  the 
finest  night-pieces  in  poetry. 

"  Behold  the  moon,  refulgent  lamp  of  night, 
O'er  heaven's  clear  azure  spread  her  sacred  light. 
When  not  a  breath  disturbs  the  deep  serene, 
And  not  a  cloud  o'ercasts  the  solemn  scene  ; 
Around  her  throne  the  vivid  planets  roll, 
And  stars  unnumbered  gild  the  glowing  pole  ; 
O'er  the  dark  trees  a  yellower  verdure  shed, 
And  tip  with  silver  every  mountain's  head; 
Then  shine  the  vales  ;  tiiie  rocks  in  prospect  rise  ; 
A  flood  of  glory  bursts  m>m  all  the^kies. 
The  ronscious  swains,  rejoicing  in  ihe  si«ht, 
Eye  the  blue  vault,  and  bless  the  useful  light." 

Without  the  light  of  the  moon,  the  inha- 
bitants of  the  polar  regions  would  be  for 
weeks  and  months  immersed  in  darkness. 
But  the  moon,  like  a  kindly  visitant,  returns 
at  short  intervals  in  the  absence  of  the  sun, 
and  cheers  them  with  her  beams  for  days  and 
weeks  together.  So  that,  in  this  nocturnal 
luminary,  as  in  all  the  other  arrangements  of 
nature,  we  behold  a  display  of  the  paternal 
care  and  beneficence  of  that  Almighty  Being 
who  ordained  "  the  moon  and  stars  to  rule  the 
night,"  as  an  evidence  of  his  superabundant 
goodness,  and  of  "  his  mercy,  which  endureth 
for  ever." 

II.    OX  THE  SATELLITES  OF  JUPITER. 

There  are  four  moons  or  satellites  attending 
the  planet  Jupiter,  which  revolve  around  it 
from  west  to  east,  according  to  the  order  of 
the  signs,  or  in  the  same  direction  as  the  moon 
revolves  round  the  earth  and  the  planets 
round  the  sun.  They  are  placed  at  different 
distances  from  the  centre  of  Jupiter;  they  re- 
volve round  it  in  different  periods  of  time, 
and  they  accompany  the  planet  in  its  twelve 
years'  revolution  round  the  sun,  without  de- 
viating in  the  least  in  their  distances  from  the 
planet,  as  the  more  immediate  centre  of  their 
motions.  These  bodies  were  discovered  by 
Galileo,  who  first  applied  the  telescope  to  ce- 
lestial observations.  Three  of  them  were  first 
seen  on  the  night  of  the  7th  of  January, 
1G10,  and  were  at  first  supposed  to  be  tele- 
scopic stars;  but  by  the  observations  of  three 
or  four  subsequent  evenings,  he  discovered 
them  to  be  attendants  on  the  planet  Jupiter 
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On  the  13th  of  the  same  month  he  saw  the 
fourth  satellite,  and  continued  his  observations 
till  March  2,  when  he  sent  his  drawings  of 
them,  and  an  account  of  his  observations,  to 
his  patron,  Cosmo  Medici,  Great  Duke  of 
Tuscany,  in  honour  of  whom  he  called  them 
the  Medicean  stars.  This  discovery  soon  ex- 
cited the  attention  of  astronomers,  and  every 
one  hastened  with  eagerness  to  view  the  new 
celestial  wonders.  The  senators  of  Venice, 
who  were  eminent  for  their  learning,  invited 
Galileo  to  come  to  the  tower  of  St.  Mark,  and 
in  their  presence  make  a  trial  of  his  new  in- 
struments. He  complied  with  their  request, 
and  in  a  fine  night,  neither  cold  nor  cloudy, 
showed  them  with  his  instrument  the  new 
phenomena  which  had  excited  attention ;  the 
satellites  of  Jupiter,  the  crescent  of  Venus, 
the  triple  appearance  of  Saturn,  and  the  in- 
equalities on  the  surface  of  the  moon,  which 
many  of  the  learned  refused  to  admit,  because 
they  overthrew  the  system  of  the  schools  and 
the  philosophical  notions  which  had  previously 
prevailed.  At  this  conference  with  the  Vene- 
tian senators  Galileo  demonstrated  the  truth 
of  the  Copernican  system,  and  showed  how 
all  his  discoveries  had  a  tendency  to  prove 
that  the  earth  is  a  moving  body,  and  that  the 
sun  is  the  centre  of  the  planetary  motions. 

The  following  are  the  respective  distances 
of  the  satellites  of  Jupiter,  in  round  numbers, 
and  the  periodic  times  in  which  they  revolve 
around  that  planet.  The  mean  distance  of 
the  first  satellite  from  the  centre  of  Jupiter  is 
260,000  miles,  or  somewhat  more  than  the 
distance  of  the  moon  from  the  earth ;  and  it 
revolves  around  the  planet  in  1  day,  18  hours, 
27^  minutes.  The  second  satellite  is  distant 
420,000  miles,  and  finishes  its  revolution  in 
3  days,  13  hours,  13$  minutes.  The  third  is 
distant  670,000  miles,  and  performs  its  revo- 
lution in  7  days,  3  hours,  424  minutes.  The 
fourth  satellite  is  distant  1,180,000  miles,  or 
more  than  four  times  the  distance  of  the  first, 
and  requires  16  days,  16  hours,  and  32  mi- 
nutes to  complete  its  revolution.  These  satel- 
lites suffer  numerous  eclipses  in  passing 
through  the  shadow  of  Jupiter,  as  our  moon 
is  eclipsed  in  passing  through  the  shadow  of 
the  earth.  But  as  their  orbits  are  very  little 
inclined  to  the  orbit  of  Jupiter,  their  eclipses 
are  much  more  frequent  than  those  of  our 
moon.  The  first  three  satellites  are  eclipsed 
every  time  they  are  in  opposition  to  the  sun. 
The  first  satellite  is  in  opposition  once  in  42 £ 
hours,  and,  consequently,  suffers  an  eclipse 
about  eighteen  times  every  month.  The  se- 
cond suffers  eight  or  nine  eclipses,  and  the 
third  about  four  eclipses  every  month.  But 
the  fourth  satellite  frequently  passes  through 
its  opposition  without  being  involved  in  the 
shadow  of  Jupiter,  and,  consequently,  its 
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eclipses  are  less  frequ.ent  than  those  of  the 
other  three,  only  a  few  ^)f  them  happening  in 
the  course  of  a  year.  As  those  satellites  are 
opaque  globes  like  our  moon — when  they  are 
in  their  inferior  conjunction,  or  in  a  line  be- 
tween Jupiter  and  the  sun — their  bodies  are 
interposed  between  the  sun  and  certain  parts 
of  the  disk  of  the  planet,  so  as  to  cause  an 
eclipse  of  the  sun  to  those  places  over  which 
their  shadow  passes.  These  eclipses,  or  the 
shadows  of  the  satellites  passing  across  the 
body  of  Jupiter,  are  perceived  by  powerful 
telescopes.  Sometimes  the  satellites  them- 
selves may  be  seen  crossing  the  disk  like  lu- 
minous spots ;  and  sometimes  the  body  of  the 
planet  interposes  between  our  eye  and  the 
satellites,  when  they  are  said  to  suffer  an  oc- 
cultation.  It  has  been  ascertained,  by  the 
calculations  and  investigations  of  La  Place, 
that  the  whole  number  of  these  moons  can 
never  be  eclipsed  at  the  same  time,  and  that 
scarcely  ever  more  than  two  of  them  can  be 
eclipsed  at  once. 

The  following  diagram  (Fig.  86,)  exhibits 
the  system  of  Jupiter's  satellites  nearly  in  the 
proportion  of  their  distances  from  the  planet. 
The  small  circles  on  the  orbit  of  the  third  satel- 
lite represent  the  enlightened  side  of  the  satel- 
lites turned  towards  the  sun,  and  the  dark 
side  in  an  opposite  direction.  The  enlight- 
ened side  of  every  satellite  is  always  very 
nearly  turned  towards  the  earth ;  but  in  their 
revolutions  round  Jupiter  they  present  to  that 
planet  all  the  phases  of  the  moon,  as  repre- 
sented in  the  figures  marked  on  the  orbit  of 
the  fourth  satellite.  In  the  direction  A,  when 
in  opposition  to  the  sun,  they  appear  like  full 
moons,-  in  the  direction  B  they  assume  a 
gibbous  phase;  at  C  they  appear  like  a. half 
moon;  at  D  like  a  crescent;  at  E,  the  dark 
sirie  being  turned  towards  the  planet,  the  satel- 
lite becomes  invisible ;  at  F,  G,  and  H,  it 
again  successively  appears  under  a  crescent, 
a  half  moon,  and  a  gibbous  phase.  In  the 
direction  A  the  satellites  are  in  opposition  to 
the  sun,  as  seen  from  Jupiter,  at  which  time 
they  pass  through  his  shadow,  and  are  eclipsed 
for  the  space  of  more  than  two  hours,  with 
the  exception  of  the  fourth,  which  sometimes 
passes  the  point  of  its  opposition  without  fall- 
ing into  the  shadow.  At  E  the  shadow  of 
the  satellite  passes  across  the  disk  of  Jupiter, 
producing  a  solar  eclipse  to  all  those  regions 
on  his  surface  over  which  the  shadow  mores. 

These  satellites,  when  viewed  from  the 
earth,  do  not  appear  to  revolve  round  Jupiter 
in  the  manner  here  represented,  but  seem  to 
oscillate  backward  and  forward  nearly  in  a 
straight  line.  This  is  owing  to  our  being 
nearly  on  a  level  with  the  plane  of  their  orbits. 
When  the  earth  is  in  one  of  the  geocentric 
nodes  of  a  satellite,  the  plane  of  its  orbit 
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passes  through  our  eye,  and  therefore  it  ap- 
pears to  be  a  straight  line,  as  a  b,  (Fig.  87,) 
so  that,  in  passing  the  half  of  its  orbit  which 
is  most  distant  from  the  earth,  it  first  seems 
to  move  from  b  to  c,  when  it  is  hidden  for 
some  time  by  the  planet,  and  then  from  d  to  a, 
the  point  of  its  greatest  elongation ;  after 
which  it  seems  to  return  again  in  the  same 
line,  passing  between  us  and  the  disk  of  the 
planet,  till  it  arrives  at  its  greatest  elongation 
at  b.  In  every  other  situation  of  the  earth, 
the  orbit  of  a  satellite  appears  as  an  ellipsis 
more  or  less  oblong,  as  represented  in  Fig. 
88.  When  it  passes  through  its  superior 
semicircle,  or  that  which  is  more  distant  from 
the  earth  than  Jupiter  is,  as  e,  f,  g,  its  motion 
is  direct,  or  according  to  the  order  of  the 
signs ;  when  it  is  in  its  inferior  semicircle, 
nearer  to  us  than  Jupiter,  as  h,  i,  k,  its  appar- 
ent motion  is  in  the  opposite  direction,  or 
retrograde.  Hence  these  satellites,  as  seen 
through  a  telescope,  appear  nearly  in  a  straight 
line  from  the  body  of  Jupiter,  as  represented 
in  Fig.  89. 

Fig.  86. 


Magnitude  of  the  Satellites. — These  bodies, 
though  invisible  to  the  naked  eye,  are  never- 
theless of  a  considerable  size.  The  following 
are  their  diameters  in  miles,  as  stated  by 
Struve.  The  first  satellite  is  2508  miles  in 
diameter,  which  is  considerably  larger  than 
our  moon.  The  second  is  2068  miles  in  di- 
ameter, or  about  the  size  of  the  moon.  The 
third  is  3377  miles  in  diameter,  which  is  more 
than  seven  times  the  bulk  of  the  moon.  The 
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fourth  is  2890  miles  in  diameter,  or  about 
three  times  the  bulk  of  the  moon ;  so  that  the 
whole  of  Jupiter's  satellites  are  equal  to  nearly 
thirteen  of  our  moons.*  The  superficial  con- 
tents of  the  first  satellite  is  19,760,865  square 
miles;  of  the  second,  13,435,442;  of  the 
third,  35,827,211 ;  and  of  the  fourth,  26,238,- 
957  square  miles.  The  number  of  square 
miles  on  all  the  satellites  is.  therefore,  95,- 
262,475,  or  more  than  ninety-five  millions  of 
square  miles,  which  is  about  double  the  quan- 
tity of  surface  on  all  the  habitable  parts  of 
our  globe.  At  the  rate  of  280  inhabitants 
to  every  square  mile,  these  satellites  would, 
therefore,  be  capable  of  containing  a  popula- 
tion of  26,673  millions,  which  is  thirty-three 
times  greater  than  the  population  of  the  earth. 

The  satellites  of  Jupiter  may  be  seen  with  a 
telescope  magnifying  about  thirty  times ;  but 
in  order  to  perceive  their  eclipses  with  advan- 
tage, a  power  of  one  hundred  or  one  hundred 
and  fifty  times  is  requisite.  When  the  bril- 
liancy of  the  satellites  is  examined  at  different 
times,  it  appears  to  undergo  a  considerable 
change.  By  comparing  the  mutual  positions 
of  the  satellites  with  the  times  when  they 
acquire  their  maximum  of  light,  Sir  W. 
Herschel  concluded  that,  like  the  moon,  they 
all  turned  round  their  axis  in  the  same 
time  that  they  performed  their  revolution 
round  Jupiter.  The  same  conclusion  had 
been  deduced  by  former  astronomers  in  refer- 
ence to  the  fourth  satellite.  This  satellite 
was  sometimes  observed  to  take  but  half  the 
usual  time  in  its  entrance  on  the  disk  of  Jupi- 
ter or  its  exit  from  it,  which  was  supposed  to 
be  owing  to  its  having  a  dark  spot  upon  it 
that  covered  half  its  diameter;  and,  by  ol>- 
serving  the  period  of  its  variations,  it  was  con- 
cluded that  it  had  a  rotation  round  its  axis. 
These  circumstances  form  a  presumptive  proof 
that  the  surface  of  these  satellites,  like  our 
moon,  are  diversified  with  objects  of  different 
descriptions,  and  with  varieties  of  light  and 
shade.  Cassini  suspected  the  first  satellite  to 
have  an  atmosphere,  because  the  shadow  of 
it  could  not  be  seen,  when  he  was  sure  it 
should  have  been,  upon  the  disk  of  Jupiter, 
if  it  had  not  been  shortened  by  its  atmosphere, 
as  is  the  case  in  respect  to  the  shadow  of  the 
earth  in  lunar  eclipses. 

From  what  has  been  stated  respecting  the 
motions,  magnitudes,  and  eclipses  of  these 
satellites,  it  is  evident  they  will  present  a  most 

*  Former  astronomers  reckoned  the  hulk  of  the 
satellites  larger  than  the  dimensions  here  stated, 
rassini  and  Maraldi  reckoned  the  diameter  of  the 
third  satellite  to  he  one-eighteenth  of  the  diameter 
of  Jupiter,  and,  consequently,  nearly  5000  miles  in 
diameter;  and  the  first  and  second  to  he  one- 
twentieth  of  Jupiter's  diameter,  or  about  44.^0 
miles  ;  which  estimation  would  make  the  mappi- 
tudes  of  these  bodies  much  larger  than  stated  by 
Struve. 
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diversified  and  sublime  scenery  in  the  firma- 
ment of  Jupiter.  The  first  satellite  moves 
along  a  circumference  of  1,633,632  miles  in 
the  space  of  42^  hours,  at  the  rate  of  38,440 
miles  an  hour,  which  is  a  motion  sixteen  times 
more  rapid  than  that  of  the  moon  in  its  circuit 
round  the  earth.  During  this  short  period  it 
presents  to  Jupiter  all  the  appearances  of  a 
new  moon,  crescent,  half  moon,  gibbous  phase, 
and  full  moon,  both  in  the  increase  and  de- 
crease ;  so  that,  in  the  course  of  twenty-one 
hours,  it  passes  through  all  the  phases  which 
our  moon  exhibits  to  us  ;  besides  suffering  an 
eclipse  in  passing  through  the  shadow  of  the 
planet,  and  producing  either  a  partial  or  total 
eclipse  of  the  sun  to  certain  regions  of  Jupiter 
on  which  its  shadow  falls.  The  rapidity  of 
its  motion  through  the  heavens  will  also  be 
very  striking ;  as  it  will  move  through  the 
whole  hemisphere  of  the  heavens  in  the  course 
of  twenty-one  hours,  besides  its  daily  apparent 
motion,  in  consequence  of  the  diurnal  rotation 
of  Jupiter.  The  other  three  satellites  will 
exhibit  similar  phenomena,  but  in  different 
periods  of  time.  Sometimes  two  or  three  of 
these  moons,  and  sometimes  all  the  four,  will 
be  seen  shining  in  the  firmament  at  the  same 
time  ;  one  like  a  crescent,  one  like  a  half 
moon;  and  another  in  all  its  splendour  as  a 
lull  enlightened  hemisphere ;  one  entering  into 
an  eclipse,  another  emerging  from  it ;  one  in- 
terposing between  the  planet  and  the  sun,  and 
for  a  short  time  intercepting  his  rays;  one 
advancing  from  the  eastern  horizon,  and  ano- 
ther setting  in  the  west ;  one  satellite  causing 
the  shadows  of  objects  on  Jupiter  to  be  thrown 
in  one  direction,  and  another  satellite  causing 
them  to  be  projected  in  another,  or  in  an  op- 
posite direction ;  while  the  rapid  motions  of 
these  bodies  among  the  fixed  stars  will  be 
strikingly  perceptible.  Eclipses  of  the  satel- 
lites and  of  the  sun  will  be  almost  an  every- 
day phenomenon,  and  occupations  of  the  fixed 
stars  will  be  so  frequent  and  regular  as  to 
serve  as  an  accurate  measure  of  time. 

The  eclipses  of  Jupiter's  satellites  afford 
signals  of  considerable  use  for  determining  the 
longitude  of  places  on  the  earth.  For  this 
purpose  tables  of  these  eclipses,  and  of  the 
times  at  which  the  satellites  pass  across  the 
disk  of  Jupiter  or  behind  his  body,  are  calcu- 
lated and  inserted  in  the  nautical  and  other 
almanacs.  These  tables  are  adapted  to  the 
meridian  of  the  Royal  Observatory  at  Green- 
wich ;  and  by  a  proper  use  of  them,  in  con- 
nexion with  observations  of  the  eclipses,  the 
true  meridian,  or  the  distance  of  a  place  east 
or  west  from  Greenwich,  may  be  ascertained. 
For  example  :  suppose,  on  the  27th  of  Decem- 
ber, 1837,  the  immersion  of  Jupiter's  first  sa- 
tellite be  observed  to  happen,  in  an  unknown 
meridian,  at  15  hours,  23  minutes,  10  seconds, 


I  find  by  the  tables  that  this  immersion  will 
happen  at  Greenwich  at  13  hours,  34  minutes, 
50  seconds  of  the  same  day.  The  difference 
of  the  time  is  1  hour,  48  minutes,  20  seconds, 
which,  being  converted  into  degrees  of  the 
equator  (allowing  15  degrees  for  an  hour,) 
will  make  27  degrees,  5  minutes,  which  is  the 
longitude  of  the  place  of  observation.  This 
longitude  is  east  of  Greenwich,  because  the 
time  of  observation  was  in  advance  of  the 
time  at  the  British  observatory.  Had  the 
time  of  observation  been  behind  that  of  Green- 
wich, for  example,  at  13  hours,  4  minutes,  50 
seconds,  the  place  must  then  hate  been  7£ 
degrees  west  of  the  Royal  Observatory.  Before 
Jupiter's  opposition  to  the  sun,  or  when  he 
passes  the  meridian  in  the  morning,  the  shadow 
is  situated  to  the  west  of  the  planet,  and  the 
immersions  happen  on  that  side ;  but  after 
the  opposition  the  emersions  happen  to  the 
east.  These  eclipses  cannot  be  observed  with 
advantage  unless  Jupiter  be  eight  degrees 
above,  and  the  sun  at  least  eight  degrees  below 
the  horizon. 

The  eclipses  of  Jupiter's  moons  first  sug- 
gested the  idea  of  the  motion  of  light.  As 
the  orbit  of  the  earth  is  concentric  with  that 
of  Jupiter,  the  mutual  distance  of  these  two 
bodies  is  continually  varying.  In  the  following 
figure  let  S  represent  the  sun ;  B,  C,  D,  E, 
Fig.  90.  the  orbit  of  the  earth; 

and  G,  H,  a  portion 
of  the  orbit  of  Jupi- 
ter. It  is  evident 
"/  -£  that  when  the  earth 
is  at  E  and  Jupiter 
at  A,  the  earth  will 
be  the  semidiameter 
of  its  orbit  nearer 
Jupiter  than  when  it 
is  at  B  or  D ;  and 
when  at  C  it  will  be 
the  whole  diameter 
of  its  orbit,  or  190,- 
000,000  of  miles  fur- 
ther from  Jupiter 
than  when  it  is  at  E. 
Now  if  light  were 
instantaneous,  the  sa- 
tellite t,  to  a  specta- 
tor at  B,  would  ap- 
pear to  enter  into 
Jupiter's  shadow,  k 
i,  at  the  same  mo- 
ment of  time  as  to 
another  spectator  at  E.  But,  from  numer- 
ous observations,  it  was  found,  that  when 
the  earth  was  at  E,  the  immersion  of  the^ 
satellite  into  the  shadow  happened  sooner 
by  eight  minutes  and  a  quarter  than  when 
the  earth  was  at  5,  and  sixteen  minutes  and 
a  half  sooner  than  when  the  earth  was  at 
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C.  It  was  therefore  concluded  that  light  is 
not  instantaneous,  but  requires  a  certain  space 
of  time  to  pass  from  one  region  of  the  universe 
to  another,  and  that  the  time  it  takes  in  passing 
from  the  sun  to  the  earth,  or  across  the  semi- 
diameter  of  the  earth's  orbit,  is  eight  minutes 
and  a  quarter,  or  at  the  rale  of  192,000  miles 
every  second,  which  is  more  than  ten  hundred 
thousand  times  swifter  than  a  cannon  ball  the 
moment  it  is  projected  from  the  mouth  of  the 
cannon ;  and  therefore  it  is  the  swiftest  move- 
ment with  which  we  are  acquainted  in  nature. 
It  follows  that,  if  the  sun  was  annihilated,  we 
should  see  him  for  eight  minutes  afterward ; 
and  if  he  were  again  created,  it  would  be  eight 
minutes  before  his  light  would  be  perceived. 
The  motion  of  light  deduced  from  the  eclipses 
of  Jupiter's  satellites  has  been  confirmed  by 
Dr.  Bradley's  discovery  of  the  aberration  of 
light  produced  by  the  annual  motion  of  the 
earth,  from  which  it  appears  that  the  light 
from  the  fixed  stars  moves  with  about  the 
same  velocity  as  the  light  of  the  sun. 

III.  ON  THE  SATELLITES   OF  SATtTRTT. 

Saturn  is  surrounded  with  no  less  than 
seven  satellites,  which  revolve  around  him,  at 
different,  distances,  in  a  manner  similar  to 
those  of  Jupiter.  As  they  are  more  difficult 
to  be  perceived  than  the  satellites  of  Jupiter, 
owing  to  the  great  distance  of  Saturn  from  the 
earth,  none  of  them  were  discovered  till  the 
telescope  was  considerably  improved ;  and 
more  than  a  century  intervened  after  the  first 
five  satellites  till  the  sixth  and  seventh  were 
detected.  As  was  to  be  supposed,  the  larger 
satellites  were  first  discovered.  In  the  year 
1665,  about  forty-five  years  after  the  inven- 
tion of  the  telescope,  M.  Huygens,  a  celebrated 
Dutch  mathematician  and  astronomer,  dis- 
covered the  fourth  satellite,  which  is  the 
largest,  with  a  telescope  twelve  feet  long. 
Four  of  the  others  were  discovered  by  Cas- 
sini ;  the  fifth  in  1671,  which  is  next  in  bright- 
ness to  the  fourth;  the  third  in  December, 
1672  ;  and  the  first  and  second  in  the  month 
of  March,  1684.  These  four  satellites  were 
first  observed  by  common  refracting  telescopes 
of  100  and  136  feet  in  length  ;  but,  after  being 
acquainted  with  them,  he  could  see  them  all, 
in  a  clear  sky,  with  a  tube  of  thirty-four  feet. 
The  sixth  and  seventh  satellites,  were  dis- 
covered by  Sir  W.  Herschel  in  August,  1789, 
soon  after  his  large  forty  feet  reflecting  tele- 
scope was  completed.  These  are  nearer  to 
Saturn  than  the  other  five  ;  but,  to  avoid  con- 
fusion, they  are  named  in  the  order  of  their 
discovery.  The  following  is  the  order  of  the 
satellites  in  respect  of  their  distance  from  Sa- 
turn ' 

Seventh.  Sixth.  First.  Second.Third.  Fourth.  Fifth. 
1234567 
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The  motions  and  distances  of  these  bodies 
have  not  been  so  accurately  ascertained  as 
those  of  Jupiter.  The  following  statement 
contains  a  near  approximation  of  their  periods 
and  distances.  The  seventh  satellite,  or  that 
nearest  to  Saturn,  is  distant,  120,000  miles 
from  the  centre  of  the  planet,  about  80,000 
from  its  surface,  and  only  about  18,000  miles 
beyond  the  edge  of  the  outer  ring.  It  moves 
round  the  planet  in  twenty-two  hours,  thirty- 
seven  minutes,  a  circuit  of  377,000  miles,  at 
the  rate  of  16,755  miles  an  hour.  The  sixth 
satellite,  or  the  second  from  Saturn,  is  distant 
150,000  miles,  and  finishes  its  revolution  in 
one  day,  eight  hours,  fifty-three  minutes.  The 
first  of  the  old  satellites,  or  the  third  from  Sa- 
turn, finishes  its  periodical  revolution  in  one 
day,  twenty-one  hours,  eighteen  minutes,  at 
the  distance  of  190,000  miles.  The  second 
(or  fourth  from  Saturn,)  in  two  days,  seven- 
teen hours,  forty-four  and  three  quarter 
minutes,  at  the  distance  of  243,000  miles. 
The  third  (fifth  from  Saturn,)  in  four  days, 
twelve  hours,  fifty-five  minutes,  at  the  distance 
of  340,000  miles.  The  fourth  (sixth  from 
Saturn,)  in  fifteen  days,  twenty-two  hours 
fifty-one  minutes,  at  the  distance  of  788,000 
miles.  The  fifth  (seventh  from  Saturn,)  in 
seventy-nine  days,  seven  hours,  and  fifty-four 
and  a  half  minutes,  at  the  distance  of  2,297,- 
000  miles. 

The  orbits  of  the  six  inner  satellites  are  in- 
clined about  thirty  degrees  to  the  plane  of  Sa- 
turn's orbit,  and  lie  almost  exactly  in  the  plane 
of  the  rings,  and  therefore  they  appear  to  move 
in  ellipses  similar  to  the  ellipses  of  the  rings. 
But  the  orbit  of  the  fifth  or  outer  satellite, 
makes  an  angle  with  the  plane  of  Saturn's 
orbit  of  24  degrees,  45  minutes.  These  satel- 
lites, having  their  orbits  inclined  at  so.  great 
angles  to  Saturn,  cannot  cross  the  body  of  that 
planet,  or  go  behind  it,  or  pass  through  its 
shadow,  as  Jupiter's  satellites  do,  except  on 
rare  occasions,  and  hence  they  very  seldom 
suffer  eclipses  or  occultations.  The  only  time 
when  eclipses  happen  is  near  the  periods  when 
the  ring  is  seen  edgewise.  The  fifth  or  most 
distant  satellite  is  sometimes  invisible  in  the 
eastern  part  of  its  orbit,  which  is  supposed  to 
arise  from  one  part  of  the  satellite  being  less 
luminous  than  the  rest.  Sir  W.  Herschel  ob- 
served this  satellite  through  all  the  variations 
of  its  light,  and  concluded,  as  Cassini  had  done 
before,  that  it  turned  round  its  axis  like  our 
moon,  in  the  same  time  that  it  performed  its 
revolution  round  Saturn.  In  consequence  of 
this  rotation,  the  obscure  part  of  its  disk  is 
turned  towards  the  earth  when  in  the  part  of 
its  orbit  east  of  Saturn ;  and  the  luminous  por- 
tion of  its  «urface  is  turned  to  the  earth  and 
becomes  visible  while  it  passes  through  thi 
western  part  of  its  course. 
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Of  these  satellites  the  two  innermost  are  the 
smallest  and  the  most  difficult  to  be  perceived. 
They  have  never  been  discerned  but  with  the 
most  powerful  telescopes,  and  then  under  pecu- 
liar circumstances.  At  the  time  of  the  disap- 
pearance of  the  ring,  "  they  have  been  seen 
threading,  like  beads,  the  most  infinitely  thin 
fibre  of  light  to  which  it  is  then  reduced,  and, 
for  a  short  time,  advancing  off  it  at  either  end." 
Few  astronomers  besides  Sir  W.  Herschel  and 
his  son  have  been  able  to  detect  these  small 
bodies.  The  celebrated  Schroeter  and  Dr. 
Harding,  on  the  17th,  20th;  21st,  arid  27th  of 
February,  1798,  obtained  several  views  of  the 
sixth  satellite  (the  second  from  Saturn)  by 
means  of  a  reflecting  telescope  13  feet  long, 
carrying  a  power  of  288.  Their  observations 
fully  confirmed  the  accuracy  of  Sir  W.  Her- 
schel's  statement,  of  the  period  of  its  revolu- 
tion. The  first  and  second  satellites  (third 
and  fourth  from  Saturn)  are  the  next  smallest ; 
the  third  (fifth  from  Saturn)  is  greater  than 
the  first  and  second ;  the  fourth  (sixth  from 
Saturn)  the  most  conspicuous  and  the  most 
distant  satellite,  according  to  Sir  John  Her- 
schel, is  by  far  the  largest,  although  it  is  not 
so  conspicuous  in  one  part  of  its  orbit.  In 
order  to  see  any  of  the  satellites  of  this  planet, 
a  good  telescope,  with  a  power  of  at  least  70 
or  80  times,  is  requisite,  and  with  such  a  power 
only  the  two  outermost  satellites  will  be  per- 
ceived. To  perceive  all  the  five  old  satellites 
requires  a  power  of  at  least  200  times,  and  a 
considerable  quantity  of  light. 

Magnitude  of  Saturn's  Satellites. — The 
precise  bulk  of  these  satellites  has  not  yet  been 
accurately  determined.  Sir  John  Herschel 
estimates  the  most  distant  satellite,  which  he 
thinks  the  largest,  as  not  much  inferior  in  size 
to  the  planet  Mars,  which  is  4200  miles  in 
diameter.  The  fourth  satellite,  which  is  the 
most  conspicuous,  cannot  be  supposed  to  be 
much  inferior  to  it  in  bulk.  But  as  the  precise 
dimensions  of  most  of  the  inner  satellites 
cannot  be  estimated  with  accuracy,  we  shall 
not,  perhaps,  exceed  the  dimensions  of  these 
oodies  if  we  suppose  for  the  whole  a  general 
average  of  3000  miles  diameter  for  each.  On 
this  assumption,  the  surface  of  each  satellite 
will  contain  28,274,400  of  square  miles,  which 
is  nearly  double  the  area  of  our  moon.  The 
area  of  all  the  seven  satellites  will  therefore 
amount  to  197,920,800  square  miles,  which  is 
four  times  the  quantity  of  surface  on  all  the 
habitable  parts  of  the  earth.  At  the  rate  of 
280  inhabitants  to  the  square  mile,  these  satel- 
lites would  therefore  contain  55,417,824,000, 
or  more  than  fifty-five  thousand  millions  of 
inhabitants,  which  is  sixty-nine  times  the  po- 
pulation of  our  globe. 

These  satellites  will  present  a  beautiful  and 
variegated  appearance  in  the  firmament  of  Sa- 


turn ;  the  nearest  satellite,  being  only  80,000 
miles  from  the  surface  of  the  planet,  which  is 
only  the  one  third  of  the  distance  of  the  moon 
from  the  earth,  will  exhibit  a  very  large  and 
splendid  appearance.  Supposing  it  to  be  only 
about  the  diameter  of  our  moon,  it  will  present 
a  surface  nearly  nine  times  larger  than  the 
moon  does  to  us  ;  and  in  the  course  of  twenty- 
two  and  a  half  hours  will  exhibit  all  the  phases 
of  a  crescent,  half  moon,  full  moon,  &c.,  which 
the  moon  presents  to  us  in  the  course  of  a 
month  ;  so  that  almost  every  hour  its  phase 
will  be  sensibly  changed,  and  its  motion  round 
the  heavens  will  appear  exceedingly  rapid. 
While,  in  consequence  of  the  diurnal  rotation 
of  Saturn,  it  will  appear  to  move  from  east  to 
west,  it  will  also  be  seen  moving  with  a  rapid 
velocity  among  the  stars  in  a  contrary  direc- 
tion, and  will  pass  over  a  whole  hemisphere 
of  the  heavens  in  the  course  of  eleven  hours. 
The  next  satellite  in  order  from  Saturn,  being 
only  1 1 0,000  miles  from  his  surface,  will  also 
present  a  splendid  appearance,  much  larger 
than  our  moon,  and  will  exhibit  all  the  phases 
of  the  moon  in  the  course  of  sixteen  hours. 
All  the  other  satellites  will  exhibit  somewhat 
similar  phenomena,  but  in  different  periods  of 
time.  They  will  appear,  when  viewed  from 
the  surface  of  Saturn,  of  different  sizes ;  some 
of  them  nine  times  larger  than  the  moon  ap- 
pears to  us,  some  three  times,  some  double  the 
size,  and  it  is  probable  that  even  the  most  dis- 
tant satellites  will  appear  nearly  as  large  as 
our  moon,  so  that  a  most  beautiful  and  sublime 
variety  of  celestial  phenomena  will  be  pre- 
sented to  a  spectator  in  the  heavens  of  Saturn, 
besides  the  diversified  aspects  of  the  rings  to 
which  we  formerly  adverted,  all  displaying 
the  infinite  grandeur  and  beneficence  of  the 
Creator. 

IV.  ON  THE  SATELLITES  OF  T7RAITUS. 

This  planet  is  attended  by  six  satellites,  all 
of  which  were  discovered  by  Sir  W.  Herschel, 
to  whom  we  owe  the  discovery  of  the  planet 
itself.  The  second  and  fourth  satellites  were 
detected  in  January,  1787,  about  six  years 
after  the  planet  was  discovered ;  the  other  four 
were  discovered  several  years  afterward,  but 
their  distances  and  periodical  revolutions  have 
not  been  so  accurately  ascertained  as  those  of 
the  two  first  discovered. 

Theirs/  of  these  satellites,  or  the  nearest 
to  Uranus,  completes  its  sidereal  revolution  in 
5  days,  21  hours,  and  25  minutes,  at  the  dis- 
tance of  224,000  miles  from  the  centre  of  the 
planet.  The  second  in  8  days,  17  hours,  at 
the  distance  of  291,000  miles.  The  third  in 
10  days,  23  hours,  at  the  distance  of  340,000 
miles."  The  fourth  in  13  days,  11  hours,  at 
the  distance  of  390,000  miles.  The  fifth  in 
38  days,  one  hour,  48  minutes,  at  the  distance 
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of  777,000  miles.  The  sixth  in  107  days,  16 
hours,  40  minutes,  at  the  distance  of  1,556,000 
miles. 

These  bodies  present  to  our  view  some  re- 
markable and  unexpected  peculiarities.  Con- 
trary to  the  analogy  of  the  whole  planetary 
system,  the  planes  of  their  orbits  are  nearly 
perpendicular  to  the  ecliptic,  being  inclined 
no  less  than  79  degrees  to  that  plane.  Their 
motions  in  these  orbits  are  likewise  found  to 
be  retrograde,  so  that,  instead  of  advancing 
from  west  to  east  round  Uranus,  as  all  the 
other  planets  and  satellites  do,  they  move  in 
the  opposite  direction.  Their  orbits  are  quite 
circular,  or  very  nearly  so,  and  they  do  not 
appear  to  have  undergone  any  material  change 
of  inclination  since  the  period  of  their  disco- 
very. "  These  anomalous  peculiarities,"  says 
Sir  John  Herschel,  "  seem  to  occur  at  the  ex- 
treme limits  of  the  system,  as  if  to  prepare  us 
for  further  departure  from  all  its  analogies  in 
other  systems  which  may  yet  be  disclosed  to 
us"  in  the  remoter  regions  of  space. 

The  satellites  of  Uranus  are  the  most  diffi- 
cult objects  to  perceive  of  any  within  the 
boundary  of  the  planetary  system,  excepting 
the  two  interior  satellites  of  Saturn ;  and 
therefore  few  observers,  excepting  Sir  William 
and  Sir  John  Herschel,  have  obtained  a  view 
of  them.  Their  magnitudes,  of  course,  have 
never  been  precisely  determined  ;  but  there  is 
every  reason  to  believe  that  they  are,  on  an 
average,  as  large  as  the  satellites  of  Saturn, 
if  not  larger,  otherwise  they  could  not  be  pe*~- 
ceived  at  the  immense  distance  at  which  they 
are  placed  from  our  globe.  Supposing  them, 
on  an  average,  to  be  3000  miles  in  diameter — 
and  they  can  scarcely  be  conceived  to  be  less 
— the  surfaces  of  all  the  six  satellites  will 
contain  169,646,400  square  miles,  or  about 
3£  times  the  area  of  all  the  habitable  portions 
of  the  earth  ;  and  which,  at  the  rate  formerly 
stated,  would  afford  scope  for  a  population  of 
47,500,992,000,  or  above  forty-seven  thousand 
millions,  which  is  about  sixty  times  the  pre- 
sent number  of  the  inhabitants  of  the  earth. 

The  satellites  of  Uranus  seldom  suffer 
eclipses ;  but  as  the  plane  in  which  they  move 
must  pass  twice  in  the  year  through  the  sun, 
there  may  be  eclipses  of  them  at  those  times ; 
but  they  can  be  seen  only  when  the  planet  is 
near  its  opposition.  Some  eclipses  were  visi- 
ble in  1799  and  1818,  when  they  appeared  to 


ascend  through  the  shadow  of  the  planet  in  v 
direction  almost  perpendicular  to  the  plane  ot 
its  orbit.  It  is  probable  that  this  planet  is 
attended  with  more  satellites  than  those  which 
have  yet  been  discovered.  It  is  not  unlikely 
that  two  satellites  at  least  revolve  between  the 
body  of  the  planet  and  the  first  satellite ;  for 
the  third  satellite  of  Saturn  is  not  nearly  so 
far  distant  from  the  surface  of  that  planet  as 
the  first  satellite  of  Uranus  is  from  its  centre. 
But  as  the  inner  satellites  may  be  supposed 
to  be  the  smallest,  and  yet  present  as  large  a 
surface  to  the  planet  as  the  exterior  ones,  it  is 
probable  that,  on  account  of  their  diminutive 
size,  they  may  never  be  detected.  It  is  like- 
wise not  improbable  that  two  satellites  may 
exist  in  the  large  spaces  which  intervene  be- 
tween the  orbits  of  the  fourth  and  fifth,  and 
the  fifth  and  sixth  satellites.  All  these  satel- 
lites will  not  only  pour  a  flood  of  light  on 
this  distant  planet,  but  will  exhibit  a  splendid 
and  variegated  appearance  in  its  nocturnal 
firmament. 

The  satellites  of  Jupiter,  Saturn,  and  Ura- 
nus, of  which  we  have  given  a  brief  descrip- 
tion in  the  preceding  pages,  form,  as  it  were, 
so  many  distinct  planetary  systems  in  con- 
nexion with  the  great  system  of  the  sun.  The 
same  laws  of  motion  and  gravitation  which 
apply  to  the  primary  planets  are  .also  appli- 
cable to  the  secondary  planets  or  moons.  The 
squares  of  their  periodical  times  are  in  pro- 
portion to  the  cubes  of  their  distances.  They 
are  subject  to  the  attraction  of  their  primaries, 
as  all  the  primary  planets  are  attracted  by  the 
sun ;  and  as  the  sun,  in  all  probability,  is  car- 
ried round  a  distant  centre  along  with  all  his 
attendants,  so  the  satellites  are  carried  round 
the  sun  along  with  their  respective  planets ; 
partly  by  the  influence  of  these  planets,  and 
partly  by  the  attractive  power  of  the  great 
central  luminary.  Each  of  these  secondary 
systems  forms  a  system  by  itself,  far  more 
grand  and  extensive  than  the  whole  planetary 
system  was  conceived  to  be  in  former  times. 
Even  the  system  of  Saturn  itself,  including 
its  rings  and  satellites,  contains  a  mass  of 
matter  more  than  a  thousand  times  larger  than 
the  earth  and  moon.  The  system  of  Jupiter 
comprises  a  mass  of  matter  nearly  fifteen  hun- 
dred times  the  size  of  these  two  bodies ;  and 
even  that  of  Uranus  is  more  than  eighty  times 
the  dimensions  of  our  terrestrial  system. 


CHAPTER  V. 

On  the  Perfections  of  the  Deity,  as  displayed  in  the  Planetary  System. 

ALL  the  works  of  nature  speak  of  their    misunderstood.     They  proclaim  the  existence 
Author  in  language  which  can  scarcely  be    of  an  original,  uncreated  Cause,  of  an  eternal 
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Power  and  Intelligence,  and  of  a  supreme 
agency  which  no  created  being  can  control. 
"  The  heavens"  in  a  particular  manner  "  de- 
clare the  glory  of  God,  and  the  firmament 
showeth  forth  his  handiwork."  When  we 
consider  the  heavenly  orbs  in  their  size,  their 
distance,  the  rapidity  of  their  motions,  and 
the  regularity  and  harmony  with  which  they 
perform  their  respective  revolutions,  it  is  ob- 
vious to  the  least  attentive  observer  that  such 
bodies  could  not  have  formed  themselves,  or 
have  arranged  their  motions,  their  periods, 
and  their  laws  in  the  beautiful  order  in  which 
we  now  behold  them.  Motion  of  every  kind 
supposes  a  moving  power.  As  matter  could 
not  make  itself,  so  neither  can  it  set  itself  in 
motion.  Its  motion  must  commence  from  a 
power  exterior  to  itself,  and  that  power  must 
correspond  in  .energy  to  the  effect  produced. 
In  the  planetary  system  we  find  bodies  a  thou- 
sand times  larger  than  the  earth  moving  with 
a  velocity  sixty  times  greater  than  a  cannon 
ball,  and  carrying  along  with  them  in  their 
train  other  expansive  globes  in  the  same  swift 
career.  Such  motions  could  only  proceed 
from  a  power  which  is  beyond  calculation  or 
human  comprehension ;  and  such  a  power  can 
only  reside  in  an  uncreated,  self-existent,  and 
independent  Intelligence.  The  continuance 
of  such  motions  must  likewise  depend  upon 
the  incessant  agency  of  the  same  Almighty 
Being,  either  directly,  or  through  the  medium 
of  such  subordinate  agents  as  he  is  pleased  to 
appoint  for  the  accomplishment  of  his  designs. 
In  this  respect  the  laws  of  motion,  of  attrac- 
tion, gravitation,  electricity,  and  other  powers, 
are  so  many  agents  under  the  direction  and 
control  of  the  Almighty  for  carrying  forwfc  d 
the  plans  of  his  physical  and  moral  govei  - 
ment  of  the  universe. 

The  study  of  astronomy  ought  always  to 
have  in  view  as  its  ultimate  object,  to  trace 
the  Divine  perfections  as  displayed  in  the 
phenomena  of  the  heavens.  For,  as  our  poet 
Milton  expresses  it,  "  Heaven  is  as  the  book 
of  God  before  us  set,  wherein  to  read  his 
wondrous  works."  There  is  no  scene  we  can 
contemplate  in  which  the  attributes  of  the 
Divinity  are  so  magnificently  displayed.  It 
is  in  the  heavens  alone  that  we  perceive  a 
sensible  evidence  of  the  infinity  of  his  per- 
fections, of  the  grandeur  of  his  operations, 
and  of  the  immeasurable  extent  of  his  uni- 
versal dominions.  Even  the  planetary  sys- 
tem, small  as  it  is  in  comparison  of  the  whole 
extent  of  creation,  contains  within  it  wonders 
of  creating  Omnipotence  and  skill  which  al- 
most overpower  the  human  faculties,  and  de- 
monstrate the  "  eternal  power  and  godhead" 
of  Him  who  at  first  brought  it  into  existence. 
To  consider  astronomy  merely  as  a  secular 
branch  of  knowledge,  which  improves  naviga- 


tion, and  gives  scope  to  the  mathematician'* 
skill,  and  to  overlook  the  demonstrations  it 
affords  of  the  invisible  Divinity,  would  be  to 
sink  this  noble  study  far  below  its  native  dig- 
nity, and  to  throw  into  the  shade  the  most 
illustrious  manifestations  of  the  glories  of  the 
Eternal  Mind. 

When  we  contemplate  the  stupendous 
globes  of  which  the  planetary  system  is  com- 
posed, and  the  astonishing  velocity  with  which 
they  run  their  destined  rounds,  we  cannot  but 
be  struck  with  an  impressive  idea  of  the 
POWER  of  the  Deity;  of  the  incomprehen- 
sible ENERGIES  of  the  eternal  mind  that  first 
launched  them  into  existence.  What  are  all 
the  efforts  of  puny  man  as  displayed  in  the 
machinery  he  has  set  in  motion,  and  in  the 
most  magnificent  structures  he  has  reared,  in 
comparison  with  worlds  a  thousand  times 
larger  than  this  earthly  ball,  and  with  forces 
which  impel  them  in  their  courses  at  the  rate 
of  thirty  thousand,  and  even  a  hundred  thou- 
sand miles  an  hour !  The  mind  is  over- 
powered and  bewildered  when  it  contemplates 
such  august  and  magnificent  operations.  Man, 
with  all  his  imaginary  pomp  and  greatness, 
appears,  on  comparison,  as  a  mere  microscopic 
animalcula,  yea,  as  "less  than  nothing  and 
vanity ;"  and  such  displays  of  the  omnipo- 
tence of  Jehovah  are  intended  to  bring  down 
the  "lofty  looks  of  men,"  and  to  stain  the 
pride  of  all  human  grandeur,  "  that  no  flesh 
should  glory  in  his  presence."  Without  ma- 
terials, and  without  the  aid  of  instruments  or 
machinery,  the  foundations  of  the  planetary 
system  were  laid,  and  all  its  arrangements 
completed.  "He  only  spake,  and  it  was 
done ;"  he  only  gave  the  command,  and 
mighty  worlds  started  into  existence  and  run 
their  spacious  rounds.  "  By  the  word  of  the 
Lord  were  the  heavens  made,  and  all  the  host 
of  them  by  the  breath  of  his  mouth."  That 
Almighty  Being  who,  by  a  single  volition, 
could  produce  such  stupendous  effects,  must 
be  capable  of  effecting  what  far  transcends 
our  limited  conceptions.  His  agency  must  be 
universal  and  uncontrollable,  and  no  created 
being  can  ever  hope  to  frustrate  the  purposes 
of  his  will  or  counteract  the  designs  of  his 
moral  government.  Whatever  he  has  pro- 
mised will  be  p^formed;  whatever  he  has 
predicted  by  his  inspired  messengers  must 
assuredly  be  accomplished.  "  For  the  king- 
dom is  the  Lord's,  he  is  the  Governor  among 
the  nations,"  and  all  events,  and  the  move- 
ments of  all  intelligent  beings,  are  subject  to 
his  sovereign  control.  "  Though  the  moun- 
tains should  be  carried  into  the  midst  of  the 
seas,  and  the  earth  reel  to  and  fro  like  ft 
drunkard;"  yea,  though  this  spacious  globe 
should  be  wrapped  in  flames,  and  "  all  that  it 
inherits  be  dissolved,"  yet  that  power  which 
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brought  into  existence  the  planetary  worlds, 
and  has  supported  them  in  their  rapid  career 
*br  thousands  of  years,  can  cause  "  new  hea- 
vens and  a  new  earth,  wherein  dwelleth  right- 
eousness," to  arise  out  of  its  ruins,  and  to 
remain  in  undirninished  beauty  and  splendour. 

"The  heavens,"  says  an  inspired  writer, 
"  declare  the  glory  of  the  Lord,  and  there  is 
no  speech  nor  language  where  their  voice  is 
not  heard."  Even  the  pagan  nations  were 
impressed  with  the  power  of  a  supreme  intel- 
ligence from  a  contemplation  of  the  nocturnal 
firmament  "  When  we  behold  the  heavens," 
says  Cicero,  "  when  we  contemplate  the  celes- 
tial bodies,  can  we  fail  of  conviction  1  Must 
we  not  acknowledge  that  there  is  a  Divinity, 
a  perfect  being,  a  ruling  intelligence  that  go- 
verns, a  God  who  is  every  where,  and  directs 
all  by  his  power  1  Any  one  who  doubts  this 
may  as  well  deny  that  there  is  a  sun  that  en- 
lightens us."  Plato,  when  alluding  to  the 
motions  of  the  sun  and  planets,  exclaims, 
"  How  is  it  possible  for  such  prodigious  masses 
to  be  carried  round  for  so  long  a  period  by 
any  natural  cause  1  for  which  reason  I  assert 
God  to  be  the  great  and  first  cause,  and  that 
it  is  impossible  it  should  be  otherwise." 

A  very  slight  view  of  the  planetary  system 
is  sufficient  to  impress  our  minds  with  an 
overpowering  sense  of  the  grandeur  and 
omnipotence  of  the  Deity.  In  one  part  of  it 
we  behold  a  globe  fourteen  hundred  times 
larger  than  our  world  flying  through  the  depths 
of  space,  and  carrying  along  with  it  a  retinue 
of  revolving  worlds  in  its  swift  career.  In  a 
more  distant  region  of  this  system  we  behold 
another  globe,  of  nearly  the  same  size,  sur- 
rounded by  two  magnificent  rings,  which 
would  inclose  500  worlds  as  large  as  ours, 
winging  its  flight  through  the  regions  of  im- 
mensity, and  conveying  along  with  it  seven 
planetary  bodies  larger  than  our  moon,  and 
the  stupendous  arches  with  which  it  is  en- 
circled, over  a  circumference  of  five  thousand 
seven  hundred  millions  of  miles.  Were  we 
to  suppose  ourselves  placed  on  the  nearest  sa- 
tellite of  this  planet,  and  were  the  satellite  sup- 
posed to  be  at  rest,  we  should  behold  a  scene 
of  grandeur  altogether  overwhelming;  a  globe 
filling  a  great  portion  of  the  visible  heavens, 
encircled  by  its  immense  rings,  and  surrounded 
by  its  moons,  each  moving  in  its  distinct  sphere 
and  around  its  axis,  and  all  at  the  same  time 
flying  before  us  in  perfect  harmony  with  the 
velocity  of  22,000  miles  an  hour.  Such  a 
•cene  would  far  transcend  every  thing  we  now 
behold  from  our  terrestrial  sphere,  and  all  the 
conceptions  we  can  possibly  form  of  motion, 
of  sublimity,  and  grandeur.  Contemplating 
such  an  assemblage  of  magnificent  objects 
moving  through  the  ethereal  regions  with  such 
astonishing  velocity,  we  would  feel  the  full 
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force  of  the  sentiments  of  inspiration  :  "  Tnx 
Loun  GOD  OMXTPOTEXT  HEIGNETH.  His 
power  is  irresistible  ;  his  greatness  is  unsearch- 
able ;  wonderful  things  doth  he  which  we  can- 
not comprehend."  The  motions  of  the  bodies 
which  compose  this  system  convey  an  impres- 
sive idea  of  the  agency  and  the  energies  of 
Omnipotence.  One  of  these  bodies,  eighty 
times  larger  than  the  earth,  and  the  slowest 
moving  orb  in  the  system,  is  found  to  move 
through  its  expansive  orbit  at  the  rate  of  fifteen 
thousand  miles  an  hour ;  another  at  twenty- 
nine  thousand  miles  in  the  same  period, 
although  it  is  more  than  a  thousand  times  the 
size  of  our  globe  ;  another  at  the  rate  of  eighty 
thousand  miles;  and  a  fourth  with  a  velocity 
of  more  than  a  hundred  thousand  miles  every 
hour,  or  thirty  miles  during  every  beat  of  our 
pulse.  The  mechanical  forces  requisite  to 
produce  such  motions  surpass  the  mathemati- 
cian's skill  to  estimate  or  the  power  of  num- 
bers to  express.  Such  astonishing  velocities, 
in  bodies  of  so  stupendous  a  magnitude,  though 
incomprehensible  and  overwhelming  to  our 
limited  faculties,  exhibit  a  most  convincing 
demonstration  of  the  existence  of  an  agency 
and  a  power  which  no  created  beings  can  ever 
counteract,  and  which  no  limits  can  control. 
Above  all,  the  central  body  of  this  system  pre- 
sents to  our  view  an  object  which  is  altogether 
overpowering  to  human  intellects,  and  of 
which,  in  our  present  state,  we  shall  never  be 
able  to  form  an  adequate  conception.  A  lumi- 
nous globe,  thirteen  hundred  thousand  times 
larger  than  our  world,  and  five  hundred  times 
more  capacious  than  all  the  planets,  satellites, 
and  comets  taken  together,  and  this  body  re- 
vo'ving  round  its  axis  and  through  the  regions 
of  space,  extending  its  influences  to  the  re- 
n  rtest  spaces  of  the  system,  and  retaining  by  its 
attractive  power  all  the  planets  in  their  orbits, 
is  an  object  which  the  limited  faculties  of  the 
human  mind,  however  improved,  can  never 
grasp,  in  all  its  magnitude  and  relations,  so  as 
to  form  a  full  and  comprehensive  idea  of  its 
magnificence.  But  it  displays  in  a  most  as- 
tonishing manner  the  RHANDEITII  of  Him  who 
launched  it  into  existence,  and  lighted  it  up 
"  by  the  breath  of  his  mouth ;"  and  it  exhibits 
to  all  intelligences  a  demonstration  of  his 
"  eternal  power  and  godhead."  So  that,  al- 
though there  were  no  bodies  existing  in  the 
universe  but  those  of  the  planetary  system, 
they  would  afford  an  evidence  of  a  power  to 
which  no  limits  can  be  assigned  ;  a  POAVEU 
which  is  infinite,  universal,  and  uncontrollable. 
The  planetary  system  likewise  exhibits  a 
display  of  the  wisdom  and  intelligence  of  the 
Deity.  If  it  is  an  evidence  of  wisdom  in  an 
artist  that  he  has  arranged  all  the  parts  of  a 
machine,  and  proportioned  the  movements  of 
its  different  wheels  and  pinions  so  as  exactly 
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to  accomplish  the  end  intended,  then  the  ar- 
rangement of  the  planetary  system  affords  a 
bright  display  of  "  the  manifold  wisdom  of 
God."     In  the  centre  of  this  system  is  placed 
the  great  source  of  light  and  heat ;  and  from 
no  other  point  could  those  solar  emanations  be 
propagated,  in  an  equable  and  uniform  man- 
ner, to  the  worlds  which  roll  around  it.     Had 
the  sun  been  placed  at  a  remote  distance  from 
tbfc  centre,  or  near  one  of  the  planetary  orbits, 
the  planets  in  one  part  of  their  course  would 
have  been    scorched  with    the   most  intense 
heat,  and  in  another  part  would  have   been 
subjected  to  all   the  rigors  of  excessive  cold ; 
their  motions  would  have  been  deranged,  and 
their    present    constitution    destroyed.     The 
enormous  bulk  of  this  central  body  was  likewise 
requisite  to  diffuse  light  and  attractive  influence 
throughout  every  part  of  the  system.     The 
diurnal   rotations  of  the  planets  evince  the 
same  wisdom  and  intelligence.     Were  these 
bodies  destitute  of  diurnal  motions,  one  half  of 
their  surface  would  be  parched  with  perpetual 
day,  and  the  other  half  involved  in  the  gloom 
of  a  perpetual  night.     To  the  inhabitants  of 
one  hemisphere  the  sun  would  never  appear, 
and  to  the  inhabitants  of  the  other  the  stars 
would    be    invisible ;    and    those    expansive 
regions  of  the  universe,  where  the  magnifi- 
cence of  God  is  so  strikingly  displayed,  would 
be  for  ever  veiled  from  their  view.    The  per- 
manency of  the   axes  on  which  the  planets 
revolve  was  likewise  necessary,  in  order  to  the 
stability  of  the  system  and  the  comfort  of  its 
inhabitants ;  and  so  we  find  that  their  poles 
point  invariably  in  the  same  direction  or  to 
the  same  points  of  the  heavens,  with  only  a 
slight  variation  scarcely  perceptible  till  after 
the  lapse  of  centuries.     As  the  planets  are  of 
a  spheroidal  figure,  had  the  direction  of  their 
axes    been    liable    to    frequent    and    sudden 
changes,  the    most  alarming   and    disastrous 
-itastrophes  might  have  ensued.     In  such  a 
globe  as  ours,  the  shifting  of  its  axis  might 
change  the  equatorial  parts  of  the  earth  into 
the  polar,  or  the  polar  into  the  equatorial,  to 
the  utter  destruction  of  those  plants  and  ani- 
mals which  are  not  capable  of  interchanging 
their  situations.     Such  a  change  would  like- 
wise cause  the  seas  to  abandon  their  former 
positions,  and  to  rush  to  the  new  equator  ;  the 
consequence   of  which   would    be,  that   the 
greater  part  of  the   men    and   animals  with 
which  it  is  now  peopled  would  be  again  over- 
whelmed in  a  general  deluge,  and  the  habit- 
able earth  reduced  to  a  cheerless  desart.     But 
all  such  disasters  are   prevented  by  the  per- 
manent position  of  the  axis  of  our  globe  and 
of  the  other  planets  during  every  part  of  their 
annual  revolutions,  as  fixed  and  determined 
by  Him  who  is  "  wonderful  in  counsel  and  ex- 
cellent in  working." 
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The   same  wisdom  is  conspicuous    in   so 
nicely  balancing  and  proportioning  the  mag- 
nitudes, motions,  and  distances  of  the  planet- 
ary orbs.     We  find  that  the   larger  planets 
move  in  orbits  most  remote  from  the  smaller 
planets  and  from  the  centre  of  the  system.  If 
the   great    planets   Jupiter  and   Saturn   had 
moved  in  lower  spheres  and  at  no  great  dis- 
tance from  the  smaller,  their  attractive  force 
would  have  had  a  much  more  powerful  influ- 
ence than  it  now  has  in  disturbing  the  planet- 
ary motions,  and  might  have  introduced  con- 
siderable  confusion   into   the    system.     But, 
while  they  revolve  at  so  great  distances  from 
all  the  inferior  planets,  their  influence  is  in- 
considerable, and  the  slight  perturbations  they 
produce  are  not  permanent,  but  periodical ; 
they  come  to  a  limit,  and  then  go  back  again 
to  the  same  point  as  before.     Again,  the  law 
of  gravitation,  by  which  the  planets  are  di- 
rected in  their  motions,  is  also  an  evidence  of 
Divine  intelligence.     The  law  is  found  to  act 
reciprocally  as  the  square  of  the  distance ;  that 
is,  at  double  the  distance  it  has  one  fourth, 
and   at  triple  the  distance  one  ninth   of  the 
force  ;  at  one  half  the   distance   it   has  four 
times,  and  at  one  third  the  distance  it  has  nine 
times  the  strength  or  influence.   Now  it  could 
easily  be  shown,  that  a  law  directly  opposite 
to  this,  or  even   differing  materially  from  it, 
would  not  only  derange  the  harmony  of  the 
system,  but  might  be  attended  with  the  most 
disastrous  consequences.     If,  for  instance,   a 
planet  as  large  and  as  remote  as  Saturn  had 
attracted  the  earth  in  proportion  to  the  quan- 
tity of  matter  it  contains,  and,  at  the  same 
time,  in  any  proportion  to  its  distance  /  in 
other  words,  had   its   attractive   power   been 
greater  the  further  it  was  removed  from  us,  it 
would  have  dragged  our  globe  out  of  its  course, 
deranged  its  motions,  and,  in   all  probability, 
deprived  us  of  the  security  we  now  possess, 
and  of  all  the  prospects  and  enjoyments  which 
depend  upon  its  equable  and  harmonious  move- 
ments.  There  is  no  contrivance  in  the  system 
more  wonderful   than   the  rings  of   Saturn. 
That  these  rings  should  be  separated  thirty 
thousand  miles  from  the  body  of  the  planet ; 
that  they  should,  notwithstanding,  accompany 
the  planet  in  its  revolution  round  the  sun,  pre- 
serving invariably  the  same  distance  from  it ; 
that  they  should  revolve  round  the  planet  every 
ten  hours,  at  the  immense  velocity  of  more 
than  a  thousand  miles  in  a  minute  ;  and  that 
they  should  never  fly  off  to  the  distant  regions 
of  space,  nor  fall  down  upon  the  planet,  are 
circumstances  which  require  adjustments  far 
more  intricate  and  exquisite  than  we  can  con- 
ceive, and  demonstrate  that  the  almighty  con- 
triver of  that   stupendous  appendage  to  the 
globe  of  Saturn  is   "great  in   counsel    and 
mighty  in  operation."    Yet  these  adjustments, 
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in  whatever  they  may  consist,  have  been  com- 
pletely effected.  For  this  planet  has  been 
flying  through  the  regions  of  space  in  a  regular 
curve  for  thousands  of  years,  and  the  system 
of  its  satellites  and  rings  still  remains  perma- 
nent and  unimpaired  as  at  its  first  creation. 

An  evidence  of  wisdom  may  likewise  be 
perceived  in  the  distance  at  which  each  planet 
is  placed  from  the  great  central  body  of  the 
system.  In  the  case  of  our  own  globe,  its 
distance  from  the  sun  is  so  adjusted  as  to 
correspond  to  the  density  of  the  earth  and 
waters,  to  the  temper  and  constitution  of  the 
bodies  of  men  and  other  animals,  and  to  the 
general  state  of  all  things  here  below.  The 
quantity  of  light  which  the  central  luminary 
diffuses  around  us  is  exactly  adapted  to  the 
structure  of  our  eyes,  to  the  width  of  their 
pupils,  and  the  nervous  sensibility  of  the 
retina.  The  heat  it  produces,  by  its  action 
on  the  caloric  connected  with  our  globe,  is  of 
such  a  temperature  a>  is  exactly  suited  to  the 
nature  of  the  soil  and  to  the  constitution  of 
the  animal  and  vegetable  tribes.  It  is  placed 
at  such  a  distance  as  to  enlighten  and  warm 
us,  and  not  so  near  as  to  dazzle  us  with  its 
splendour  or  scorch  us  with  its  excessive  heat ; 
but  to  cheer  all  the  tribes  of  living  beings,  and 
to  nourish  the  soil  with  its  kindly  warmth. 
Were  the  earth  removed  fifty  millions  of 
miles  further  from  the  sun,  every  thing  around 
us  would  be  frozen  up,  and  we  should  be 
perpetually  shivering  amid  all  the  rigors  of 
excessive  cold.  Were  it  placed  as  much 
nearer,  the  waters  of  the  rivers  and  the  ocean 
would  be  transformed  into  vapour;  the  earth 
would  be  hardened  into  an  impenetrable  crust; 
the  process  of  vegetation  would  cease  ;  and  all 
the  orders  of  animated  beings  would  faint 
under  the  excessive  splendour  of  the  solar 
beams.  There  can  be  no  doubt  that  the 
distances  of  the  other  planets  are  likewise 
adapted  to  the  nature  of  the  substances  of 
which  they  are  composed  and  the  constitution 
of  their  inhabitants.  We  find  that  the  densi- 
ties of  these  bodies  decrease  in  proportion  to 
their  distance  from  the  sun ;  and  it  is  highly 
probable  that  this  is  one  reason,  among  others, 
why  they  are  placed  at  different  distances, 
and  are  thus  adapted  to  the  greater  or  less 
degree  of  influence  which  the  central  luminary 
may  produce  on  their  surfaces. 

The  figures  of  the  planetary  bodies  like- 
wise indicate  contrivance  and  intelligence. 
They  are  all  either  of  a  spherical  or  spheroidal 
form,  and  this  figure  is  evidently  the  best 
adapted  to  a  habitable  world.  It  is  the  most 
capacious  of  all  forms,  and  contains  the 
greatest  quantity  of  area  in  the  least  possible 
space.  It  is  the  best  adapted  to  motion,  both 
annual  and  diurnal,  every  part  of  the  surface 
being  nearly  at  the  same  distance  from  the 
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centre  of  gravity  and  motion.  Without  this 
figure  there  could  have  been  no  comfortable 
and  regular  alternations  of  day  and  night  in 
our  world  as  we  now  enjoy,  and  the  light  of 
the  sun  and  the  mass  of  waters  could  not  have 
been  equably  distributed.  Had  the  earth  been 
of  a  cubical,  prismatic,  or  pentagonal  form,  or 
of  any  other  angular  figure,  some  parts  would 
have  been  comparatively  near  the  centre  of 
gravity,  and  others  hundreds  or  thousands  of 
miles  further  from  it ;  certain  countries  would 
have  been  exposed  to  furious  tempests,  which 
would  have  overturned  and  destroyed  every 
object,  while  others  would  have  been  stifled 
for  want  of  currents  and  agitation  in  the  air ; 
one  part  would  have  been  overwhelmed  with 
water,  and  another  entirely  destitute  of  the 
liquid  element ;  one  part  might  have  enjoyed 
the  benign  influence  of  the  sun,  while  another 
might  have  been  within  the  shadow  of  eleva- 
tions a  hundred  miles  high,  and  in  regions  of 
insufferable  cold.  In  short,  while  one  country 
might  have  resembled  a  paradise,  others  would 
have  been  transformed  into  a  chaos,  where 
nothing  was  to  be  seen  but  barrenness  and 
hideous  desolation;  but  the  globular  figure 
which  the  Creator  has  given  to  our  world 
prevents  all  such  inconveniences  and  evils, 
and  secures  to  us  all  the  advantages  we  enjoy 
from  the  equable  distribution  of  light  and 
gravity,  of  the  waters  of  our  seas  and  rivers, 
and  of  the  winds  and  motions  of  the  atmo- 
sphere ;  and  arrangements  similar  or  analo- 
gous are  enjoyed  by  all  the  other  planetary 
worlds,  in  consequence  of  the  globular  figure 
which  has  been  impressed  upon  them. 

The  same  Divine  Wisdom  is  displayed 
throughout  the  solar  system  in  the  nice  ad- 
justment of  the  projectile  velocity  to  the 
attractive  power.  The  natural  tendency  of 
all  motion,  impressed  by  a  single  force,  is  to 
make  the  body  move  in  a  straight  line.  The 
projectile  force  originally  given  to  the  planets, 
if  not  counteracted,  would  carry  them  away 
from  the  sun,  in  right  lines,  through  the 
regions  of  infinite  space.  On  the  other  hand, 
had  the  planets  been  acted  upon  solely  by  an 
attractive  power  proceeding  from  the  centre, 
they  would  have  moved  with  an  increased 
velocity  towards  that  centre,  and,  in  a  short 
time,  have  fallen  upon  the  body  of  the  sun. 
Now  the  Divine  Intelligence  strikingly  ap- 
pears in  nicely  proportioning  and  balancing 
these  two  powers,  so  as  to  make  the  planets 
describe  orbits  nearly  circular.  If  these  powers 
had  not  been  accurately  adjusted,  the  whole 
system  would  have  run  into  confusion.  For, 
were  the  velocity  of  any  planet  double  to  what 
would  make  it  move  in  a  circle  or  ellipse,  it 
would  rush  from  its  sphere  through  the  re- 
gions of  immensity,  and  never  again  return  to 
its  former  orbit.  Or,  should  half  its  velocity 
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be  taken  away,  the  planet  would  descend 
obliquely  towards  the  sun  till  it  became  four 
times  nearer  him  than  before,  and  then  ascend 
to  its  former  place ;  and  by  ascending  and 
descending  alternately,  would  describe  a  very 
eccentric  orbit,  and  would  feel  the  influence 
of"  the  solar  light  and  power  sixteen  times 
greater  in  one  part  of  its  course  than  in 
another ;  which  would  prevent  such  a  globe 
as  ours,  and  probably  all  the  planetary  bodies, 
from  being  habitable  worlds.  But,  in  this 
respect,  every  part  of  celestial  mechanism  is 
adjusted  with  the  nicest  skill,  and  the  whole 
system  appears  a  scene  of  beauty,  order,  and 
stability  worthy  of  the  intelligence  of  Him 
"who  hath  established  the  world  by  his  wis- 
dom, and  stretched  out  the  heavens  by  his 
understanding."  And  as  the  power  of  gravi- 
tation was  first  impressed  upon  matter  by  the 
hand  of  the  Creator,  so  its  continued  action 
is  every  moment  dependent  on  his  sovereign 
will.  Were  its  influence  to  be  suspended, 
the  whole  system  would  immediately  dissolve 
and  run  into  confusion.  The  centrifugal  force 
of  the  planets,  in  whirling  round  their  axes, 
would  shatter  them  into  pieces  and  dissipate 
their  parts  throughout  the  circumambient 
spaces ;  every  portion  of  matter  would  fly  in 
straight  lines,  according  as  the  projectile  force 
chanced  to  direct  at  the  moment  this  power 
was  suspended ;  and  the  regions  of  infinite 
space,  instead  of  presenting  a  prospect  of 
beauty  and  order,  would  become  a  scene  of 
derangement,  overspread  with  the  wrecks  of 
all  the  globes  in  the  universe ;  so  that  the 
order  and  stability  of  universal  nature  entirely 
depends  upon  the  will  and  the  omnipotence 
of  the  Deity  in  sustaining  in  constant  action 
the  power  of  universal  gravitation.  Were  it 
his  pleasure  that  the  material  world  should  be 
dissolved  and  its  inhabitants  destroyed,  he  has 
only  to  interpose  his  Almighty  fiat,  and  pro- 
claim, "  Let  the  power  of  attraction  be  sus- 
pended," and  the  vast  universe  would  soon 
be  unhinged  and  return  to  its  original  chaos. 

In  short,  the  depth  of  the  Divine  Wisdom 
might  have  been  illustrated  from  the  constant 
proportion  between  the  times  of  the  periodical 
revolutions  of  all  the  planets,  primary  and 
secondary,  and  the  cubes  of  their  mean  dis- 
tances ;  from  the  constancy  and  regularity  of 
their  motions,  that,  amid  so  immense  a  variety 
of  moving  masses,  all  should  observe  their 
due  bounds  and  keep  their  appointed  paths, 
to  answer  the  great  ends  of  their  creation ; 
from  the  exactness  with  which  they  run  their 
destined  rounds,  finishing  their  circuits  with 
so  much  accuracy  as  not  to  deviate  from  the 
periods  of  their  revolutions  a  single  minute  in 
a  hundred  years ;  from  the  distances  of  the 
several  planets  from  the  sun,  compared  with 
their  respective  densities;  from  their  velocities 


in  their  orbits  compared  with  their  distances 
from  the  central  luminary ;  from  the  wonder- 
ful simplicity  of  the  laws  on  which  so  much 
beauty,  harmony,  and  enjoyment  depend ;  and 
from  various  other  considerations,  all  which 
would  tend  to  demonstrate  that  He  who 
framed  the  planetary  system  is  "the  only 
wise  God,"  whose  "understanding  is  infinite," 
and  the  depth  of  whose  intelligence  is  "  past 
finding  out." 

From  what  we  have  now  stated,  we  may 
see  what  a  beautiful  and  divine  fabric  the 
solar  system  exhibits.  Like  all  the  arrange- 
ments of  Infinite  Wisdom  its  foundations  are 
plain  and  simple,  but  its  superstructure  is 
wonderful  and  diversified.  The  causes  which 
produce  the  effects  are  few,  but  the  phenomena 
are  innumerable.  While  the  ends  to  be  ac- 
complished are  numerous  and  various,  the 
means  are  the  fewest  that  could  possibly  bring 
the  design  into  effect.  What  a  striking  con- 
trast is  presented  between  the  works  of  Om- 
nipotence as  they  really  exist,  and  the  bung- 
ling schemes  of  the  ancient  astronomers'?  who, 
with  all  their  cycles,  epicycles,  concentric  and 
eccentric  circles,  their  deferents,  and  solid 
crystalline  spheres,  could  never  account  for 
the  motions  of  the  planetary  orbs,  nor  explain 
their  phenomena.  The  plans  of  the  Almighty, 
both  in  the  material  world  and  in  his  moral 
government,  are  quite  unlike  the  circumscribed 
and  complex  schemes  of  man.  Like  himself, 
they  are  magnificent  and  stupendous,  and  yet 
accomplished  by  means  apparently  weak  and 
simple.  All  his  works  are  demonstrations,  not 
only  of  his  existence,  but  of  his  inscrutable 
wisdom  and  superintending  providence.  As 
the  accomplishments  of  every  workman  are 
known  from  the  work  which  he  executes,  so 
the  operations  of  the  Deity  evince  his  supreme 
agency  and  his  boundless  perfections.  What 
being  less  than  infinite  could  have  arranged 
the  solar  system,  and  launched  from  his  hand 
the  huge  masses  of  the  planetary  worlds  ] 
What  mathematician  could  so  nicely  calculate 
their  distances  and  arrange  their  motions  7 
Or  what  mechanic  so  accurately  contrive  their 
figures,  adjust  their  movements,  or  balance 
their  projectile  force  with  the  power  of  gravi- 
tation 1  None  but  He  whose  power  is  su- 
preme and  irresistible,  whose  agency  is  uni- 
versal, and  whose  wisdom  is  unsearchable. 

In  the  last  place,  the  planetary  system  ex- 
hibits a  display  of  the  GOODXKSS  of  the  Creator 
and  of  his  superintending  care.  The  good- 
ness of  God  is  that  perfection  of  his  nature  by 
which  he  delights  to  communicate  happiness 
to  every  order  of  his  creatures.  Now  all  the 
movements  and  arrangements  of  the  planetary 
bodies  are  so  ordered  and  directed  as  to  act  in 
subserviency  to  the  happiness  of  sentient  and 
intelligent  beings.  This  is  evidently  the  grand 
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design  of  all  the  wise  contrivances  to  which 
we  have  adverted.  The  spherical  figure  given 
to  all  the  planets  for  the  regular  distribution 
of  the  waters  of  the  seas  and  rivers,  and  of  the 
currents  of  the  atmosphere  ;  their  rotation  on 
their  axes,  to  produce  the  alternate  succession 
of  day  and  night ;  the  situation  of  the  sun  in 
the  centre  of  the  system,  for  the  equable  dis- 
tribution of  light  and  heat  to  surrounding 
planets  ;  and  an  apparatus  of  rings  and  moons, 
to  reflect  a  mild  radiance  in  the  absence  of  the 
sun,  are  contrivances  which  can  only  have  a 
respect  to  the  comfort  and  convenience  of 
animated  beings ;  for  they  can  serve  no  pur- 
pose to  mere  inert  matter  devoid  of  life  and 
intelligence,  and  the  Creator,  so  far  as  we 
know,  never  employs  means  without  a  corres- 
ponding end  in  view.  In  our  world,  the  utility 
of  these  arrangements,  in  order  to  our  happi- 
ness, is  obvious  to  the  least  reflecting  mind. 
Without  light  our  globe  would  be  little  else 
than  a  gloomy  prison  ;  for  it  is  this  that  cheers 
the  heart  of  man,  and  unveils  to  our  view  the 
beauties  and  sublimities  of  creation ;  and  had 
the  earth  no  rotation,  and  were  the  sun  con- 
tinually shining  on  the  same  hemisphere,  the 
temperate  zones  as  well  as  the  equatorial  re- 
gions would  be  parched  with  a  perpetual  day, 
the  moisture  of  the  soil  evaporated,  the  earth 
hardened,  vegetables  deprived  of  nourishment, 
the  functions  of  the  atmosphere  deranged,  and 
numerous  other  inconveniences  would  ensue, 
from  which  we  are  now  protected  by  the  ex- 
isting arrangements  of  nature  ;  and  as  such 
contrivances  are  essential  to  the  comfort  of 
the  inhabitants  of  the  earth,  so  we  have  every 
reason  to  conclude  that  these  and  all  the  ad- 
ditional arrangements  connected  with  other 
planets  are  intended  to  promote  the  enjoyment 
of  the  different  orders  of  sensitive  and  intelli- 
gent existence  with  which  they  are  peopled. 

As  the  object  of  the  wise  contrivances  of 
the  Deity  is  the  communication  of  happiness, 
it  would  be  inconsistent  with  every  rational 
view  we  can  take  of  his  wisdom  and  intelli- 
gence not  to  admit  that  the  same  end  is  kept 
in  view  in  every  part  of  his  dominions,  how- 
ever far  removed  from  the  sphere  of  our  im- 
mediate contemplation,  and  though  we  are  not 
permitted  in  the  mean  time  to  inspect  the 
minute  details  connected  with  the  economy 
of  other  worlds ;  for  the  Creator  must  always 
be  considered  as  consistent  with  himself,  as 
acting  on  the  same  eternal  and  immutable 
principles  at  all  times,  and  throughout  every 
department  of  his  empire.  He  cannot  be 
supposed  to  devise  means  in  order  to  accom- 
plish important  ends  in  relation  to  our  world, 
while  in  other  regions  of  creation  he  devises 
means  for  no  end  at  all.  To  suppose,  for  a 
moment,  such  a  thing  possible,  would  be 
highly  derogatory  to  the  Divine  character, 
(476) 


and  would  confound  all  our  ideas  of  the  har- 
mony and  consistency  of  the  attributes  of  him 
who  is  "the  only  wise  God."  We  have, 
therefore,  the  highest  reason  to  conclude,  that 
not  only  this  earth,  but  the  whole  of  the  pla- 
netary system,  is  a  scene  of  divine  benevo- 
lence ;  for  it  displays  to  our  view  a  number  of 
magnificent  globes,  with  special  contrivances 
and  arrangements,  all  fitted  to  be  the  abodes 
of  intelligent  beings,  and  to  contribute  to  their 
enjoyment.  Every  provision  has  been  made 
to  supply  them  with  that  light  which  unfolds 
the  beauties  of  nature  and  the  glories  of  the 
firmament.  All  the  arrangements  for  its  equa- 
ble distribution  have  been  effected,  and  several 
wonderful  modes  unknown  in  our  world  have 
been  contrived  for  alleviating  their  darkness 
in  the  absence  of  the  sun,  all  which  contriv- 
ances are,  doubtless,  accompanied  with  many 
others  which  lie  beyond  the  range  of  our  con- 
ception, and  which  our  remote  distance  pre- 
vents us  from  contemplating.  In  proportion, 
then,  as  the  other  planets  exceed  the  earth  in 
size,  in  a  similar  proportion,  we  may  conceive, 
is  the  extent  of  that  theatre  on  which  the 
Divine  goodness  is  displayed.  If  this  "  earth 
is  full  of  the  goodness  of  the  Lord,"  if  the 
benevolence  of  the  Creator  has  distributed 
unnumbered  comforts  among  every  order  of 
creatures  here  below,  what  must  be  the  exu- 
berance of  his  bounty,  and  the  overflowing 
streams  of  felicity  enjoyed  in  worlds  which 
contain  thousands  of  times  the  population  of 
our  globe  !  If  a  world  which  has  been  partly 
deranged  by  the  sin  of  its  inhabitants  abounds 
with  so  many  pleasures,  what  numerous 
sources  of  happiness  must  abound,  and  what 
ecstatic  joys  must  be  felt  in  those  worlds  where 
moral  evil  has  never  entered,  where  diseases 
and  death  are  unknown,  and  where  the  in- 
habitants bask  perpetually  in  the  regions  of 
immortality  !  Were  we  permitted  to  take  a 
nearer  view  of  the  enjoyments  of  some  of 
those  worlds,  were  we  to  behold  the  magnifi- 
cent scenery  with  which  they  are  encircled, 
the  riches  of  Divine  munificence  which  appear 
on  every  hand,  the  inhabitants  adorned  with 
the  beauties  of  moral  perfection,  and  every 
society  cemented  by  the  bond  of  universal 
love,  and  displaying  the  virtues  of  angelic 
natures,  it  is  highly  probable  that  all  the  en- 
joyments of  this  terrestrial  sphere  would 
appear  only  "  as  the  drop  of  a  bucket  and  the 
small  dust  of  the  balance,"  and  as  unworthy 
of  our  regard  in  comparison  of  the  overflow- 
ing fountains  of  bliss  which  enrich  the  regions 
and  gladden  the  society  of  the  celestial  worlds. 
In  this  point  of  view  what  a  glorious  and 
amiable  being  does  the  eternal  Jehovah  ap- 
pear !  "  God  is  love."  This  is  his  name  and 
his  memorial  in  all  generations  and  through- 
out all  worlds.  Supremely  happy  in  himself 
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and  independent  of  all  his  creatures,  his  grand 
design  in  forming  and  arranging  so  many 
worlds  could  only  be  to  display  the  riches  of 
his  beneficence,  and  to  impart  felicity,  in  all 
its  diversified  forms,  to  countless  orders  of, 
intelligent  beings  and  to  every  rank  of  per- 
ceptive existence.  And  how  extensive  his 
goodness  is,  not  only  throughout  the  planetary 


system,  but  over  all  the  regions  of  universal 
nature,  it  is  impossible  for  the  tongues  of  men 
or  angels  to  decla.e,  or  the  highest  powers  of 
intelligence  to  conceive.  But  of  this  we  are 
certain,  that  "  Jehovah  is  good  to  all ;"  that 
"  his  bounty  is  great  above  the  heavens ;"  and 
that  "  his  tender  mercies  are  over  all  his 
works." 


CHAPTER  VI. 

Summary  View  of  the  Magnitude  of  the  Planetary  System. 


HAVIXG,  in  the  preceding  pages,  given  a 
brief  description  of  the  principal  facts  and 
phenomena  connected  with  the  solar  system, 
and  offered  a  few  reflections  suggested  by  the 
subject,  it  may  not  be  inexpedient  to  place 
before  the  reader  a  summary  view  of  the  mag- 
nitude of  the  bodies  belonging  to  this  system, 
as  compared  with  the  population  and  magni- 
tude of  the  globe  on  which  we  live.  In  this 
summary  statement  I  shall  chiefly  attend  to 
the  area  or  superficial  contents  of  the  different 


planets,  which  is  the  only  accurate  view  we 
can  take  of  their  magnitudes,  when  we  com- 
pare them  with  each  other  as  habitable 
worlds.  The  population  of  the  different 
globes  is  estimated,  as  in  the  preceding  de- 
scriptions, at  the  rate  of  280  inhabitants 
to  a  square  mile,  which  is  the  rate  of  popu- 
lation in  England,  and  yet  this  country  is 
by  no  means  overstocked  with  inhabitants, 
but  could  contain,  perhaps,  double  its  present 
population. 


Mercury 
Venus    .    . 
Mars      .     . 
Vesta     .     . 
Juno       .     . 
Ceres     .     . 
Pallas     .     . 
Jupiter  .... 

Square  Miles 

Population 

Solid  Contents. 

32.000.000 
191,134,944 
55,417,821 
229.000 
6,380.000 
8,285,580 
14,000,000 
21,884,000,000 
19,600,000,000 

8,960,000,000 
53.500.000,000 
15,500,000,000 
64.000,000 
l,786,Oi:0,OCO 
2,319,962,400 
4.000,000,000 
6,967,520,000.000 
5,488,000,000,000 

(-8,141,963,826,080 

1,077,568,800,000 
4,200,000,000 
26,673,000,000 
55,417,824.000 
47,500,992,000 

17,157,324,800 
248.475,427,200 
38,792,000,000 
10.035,000 
1,515,250,000 
2,242,630,320 
4,900,000,0110 
368.283,200.000,000 
261,326,800,000,000 

1,442,518,261,800 

22,437,804,620,000 
5,455,000,000 
45,693,970,126 
98,960,400,000 
84.823,200,000 

Saturn's  outer  ring 
Inner  ring  .     .     . 
Edges  of  tlie  rings 
Uranus  .... 
The  Moon  .     .     . 
Jupiter's  satellites 
Saturn's  satellites 
Urarius's  satellites 

Amount    .     . 

9.058,803,600 
1  9,79  l,5fi  1,636 
228,077.000 
3,848,460,000 
15,000,000 
95,000,000 
197,920,800 
169,646,400 

78.196,916,784 

21,894,974,404,480 

654,038,348,119,216 

From  the  above  statement,  the  real  magni- 
tude of  all  the  moving  bodies  connected  with 
the  solar  system  may  at  once  be  perceived. 
If  we  wish  to  ascertain  what  proportion  these 
magnitudes  bear  to  the  amplitude  of  our  own 
globe,  we  have  only  to  divide  the  different 
amounts  stated  at  the  bottom  of  the  table  by 
the  area,  solidity,  or  population  of  the  earth. 
The  amount  of  area,  or  the  superficial  con- 
tents of  all  the  planets,  primary  and  secondary, 
is  78,195,916,784;  or  above  seventy-eight 
thousand  millions  of  square  miles.  If  this 
sum  be  divided  by  197,000,000,  the  number 
of  square  miles  on  the  surface  of  our  globe, 
the  quotient  will  be  397;  showing  that  the 
surfaces  of  these  globes  are  397  times  more 
expansive  than  the  whole  surface  of  the  ter- 
raqeous  globe ;  or,  in  other  words,  that  they 
contain  an  amplitude  of  space  for  animated 


beings  equal  to  nearly  four  hundred  worlds 
such  as  ours.  If  we  divide  the  same  amount 
by  49,000,000,  the  number  of  square  miles  in 
the  habitable  parts  of  the  earth,  the  quotient 
will  be  1595;  showing  that  the  surface  of  all 
the  planets  contains  a  space  equal  to  one 
thousand  five  hundred  and  ninety-five  times 
the  area  of  all  the  continents  and  islands  of 
our  globe.  If  the  amount  of  population  which 
the  planets  might  contain,  namely,  21,894,- 
974,404,480,  or  nearly  twenty-two  billions, 
be  divided  by  800,000,000,  the  population  of 
the  earth,  the  quotient  will  be  27,368  ;  which 
shows  that  the  planetary  globes  could  contain 
a  population  more  than  twenty-seven  thou- 
sand times  the  population  of  our  globe ;  in 
other  words,  if  peopled  in  the  proportion  of 
England,  they  are  equivalent  to  twenty-seven 
thousand  worlds  such  as  ours  in  its  present 
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state  of  population.  The  amount  of  the  third 
column  expresses  the  number  of  solid  miles 
comprised  in  all  the  planets,  which  is  654,- 
038,348,119,246,  or  more  than  six  hundred 
and  Jifty-four  billions.  If  this  number  be 
divided  by  263,000,000,000,  the  number  of 
cubical  miles  in  the  earth,  the  quotient  will  be 
2483 ;  which  shows  that  the  solid  bulk  of  the 
other  planets  is  two  thousand  four  hundred 
and  eighty-three  times  the  bulk  of  our  globe. 
Such  is  the  immense  magnitude  of  our  planet- 
ary system,  without  taking  into  account  either 
the  sun  or  the  hundreds  of  comets  which  have 
been  observed  to  traverse  the  planetary  re- 
gions. 

Great,  however,  as  these  magnitudes  are, 
they  are  far  surpassed  by  that  stupendous 
globe  which  occupies  the  centre  of  the  system. 
The  surface  of  the  sun  contains  2,432,800,- 


Fig.  92. 


Fig.  91. 


000,000  square  miles  (nearly  two  and  a  hall 
billions.)  If  this  sum  be  divided  by  197  mil 
lions,  the  number  of  square  miles  on  tho 
earth's  surface,  the  quotient  will  be  12,350, 
which  shows  that  the  surface  of  the  sun  con- 
tains twelve  thousand  three  hundred  and  fifty 
times  the  quantity  of  surface  on  our  globe. 
If  the  same  sum  be  divided  by  78,195,916,784, 
the  number  of  square  miles  in  all  the  planets, 
the  quotient  will  be  31,  showing  that  the  area 
of  the  surface  of  the  sun  is  thirty-one  lime.? 
greater  than  the  area  of  all  the  primary 
planets,  with  their  rings  and  satellites.  The 
solid  contents  of  the  sun  amount  to  356,818,- 
739,200,000,000,  or  nearly  three  hundred  and 
fifty-seven  thousand  billions  of  cubical  miles, 
which  number,  if  divided  by  654,038,348,119,- 
246,  the  number  of  solid  miles  in  all  the 
planets,  will  produce  a  quotient  of  545,  which 
shows  that  the  sun  is  five  hun- 
dred and  forty-five  times  larger 
than  all  the  planetary  bodies 
taken  together.  Such  is  the  vast 
and  incomprehensible  magni- 
tude of  this  stupendous  luminary, 
whose  effulgence  sheds  day  over 
a  retinue  of  revolving  worlds, 
and  whose  attractive  energy  con- 
trols their  motions  and  preserves 
.them  all  in  one  harmonious 
system.  If  this  immense  globe 
be  flying  through  the  regions 
of  space  at  the  rate  of  sixty 
thousand  miles  an  hour,  as  is 
supposed,  and  carrying  along 
with  it  all  the  planets  of  the 
system,  it  presents  to  the  mind 
one  of  the  most  sublime  and 
overwhelming  ideas  of  motion, 
magnitude,  and  grandeur  which 
the  scenes  of  the  universe  can 
convey. 

The  comparative  magnitudes 
of  the  different  bodies  in  the 
system  are  represented  to  the 
eye  in  Fig.  91,  where  the  circle 
at  the  top,  No.  1,  represents 
Jupiter ;  No.  2,  Saturn ;  No.  3, 
Uranus;  No.  4,  the  Earth ;  ad- 
jacent to  which,  on  the  left,  is 
the  Moon ;  No.  5,  Mars ;  No.  6, 
Venus;  arid  No.  7,  Mercury. 
The  four  small  circles  at  the 
bottom  are  the  planets  Vesta, 
Juno,  Ceres,  and  Pallas,  whose 
proportional  sizes  cannot  be  ac- 
curately represented.  The  other 
small  circles  connected  with  Ju- 
piter, Saturn,  and  Uranus,  are 
intended  to  represent  the  satel- 
lites of  these  planets,  which  in 
general  may  be  estimated  as 
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considerably  larger  than  our  moon.  These 
comparative  magnitudes  are  only  approxima- 
tions to  the  truth  ;  for  it  would  require  a  large 
sheet  were  we  to  attempt  delineating  them 
with  accuracy  •,  but  the  figure  will  convey  to 
the  eye  a  general  idea  of  the  comparative 
bulks  of  these  bodies,  in  so  far  as  it  can  be 
conveyed  by  a  comparison  of  their  diameters  ;* 
but  no  representation  on  a  plane  surface  can 
convey  an  idea  of  the  solid  contents  of  these 
globes  as  compared  with  each  other.  The 
reader  will  perceive  the  great  disparity  of 
globes,  whose  diameters  do  not  differ  very 
widely  from  each  other,  if  he  place  a  globe 
of  twelve  inches  diameter  beside  one  of 
eighteen  inches  diameter.  Though  these 
globes  differ  only  six  inches  in  their  diame- 
ters, yet  he  will  at  once  perceive  that  the 
eigh  teen-inch  globe  contains  more  than  double 
the  surface  of  the  twelve-inch ;  and  this  solid 
space  which  it  occupies  contains  3f  times  the 
space  occupied  by  the  smaller  globe.  Were 
the  sun  to  be  represented  in  its  proportional 
size  to  Jupiter  and  the  other  planets,  it  would 
fill  a  space  twenty  inches  in  diameter.  On 
the  same  scale  in  which  the  planets  are  de- 
lineated, Saturn's  ring  would  occupy  a  space 
four  and  a  half  inches  in  diameter.  From 
these  representations  we  may  see  how  small 
a  space  our  earth  occupies  in  the  planetary 
system,  and  what  an  inconsiderable  appear- 
ance it  presents  in  comparison  with  Jupiter, 
Saturn,  and  Uranus.  Fig.  92  represents  the 
proportional  distances  of  the  primary  planets 
from  the  sun,  from  which  it  will  be  seen  that 
Saturn,  vrhich  was  formerly  considered  the 
most  distant  planet,  occupies  nearly  the  middle 
of  the  system. 

In  Fig.  93  is  represented  a  comparative 
view  of  the  earth  and  the  rings  of  Saturn. 
The  small  circle  at  the  right  hand  side  repre- 
sents the  lineal  proportion  of  our  globe  to 
those  stupendous  arches,  so  that  the  eye  may 
easily  perceive  that  hundreds  of  worlds  such 


as  ours  could  be  inclosed  within  such  expan- 
sive rings.     Fig.  94  represents  the  proportion 

Fig.  93. 


which  the  sun  bears  to  the  planet  Jupiter,  the 
largest  planetary  orb  in  the  system.  The 
large  circle  represents  the  sun,  and  the  small 
circle  Jupiter.  If  the  earth  were  to  be  repre- 
sented on  the  same  scale,  it  would  appear  like 
a  point  scarcely  perceptible.  It  is  chiefly  by 
the  aid  of  such  tangible  representations  that 
the  mind  can  form  any  idea  approximating  to 
the  reality  of  such  magnitudes  and  propor- 
tions ;  and,  after  all  its  efforts,  its  views  of  such 
stupendous  objects  are  exceedingly  imperfect 
and  obscure. 


CHAPTER  VII. 

On  the  Method  by  which  the  Distances  and  Magnitudes  nf  the  Heavenly  Bodies  are 

Ascertained. 


THERE  is  a  degree  of  skepticism  among  a 
certain  class  of  readers  in  regard  to  the  con- 
clusions which  astronomers  have  deduced  re- 
specting the  distances  and  magnitudes  of  the 
celestial  bodies.  They  are  apt  to  suspect  that 


*  The  reader  will  find  a  comparative  view  of  the 
distances  and  magnitudes  of  the  planets,  engraved 
on  a  very  large  sheet,  in  "  Burritt's  Geography  of 
the  Heavens,"  published  at  Hartford,  North  Ame- 
rica. 


the  results  they  have  deduces  are  merely  con- 
jectural, and  that  it  is  impossible  for  human 
beings  to  arrive  at  any  thing  like  certainty,  or 
even  probability,  in  regard  to  distances  so  im- 
mensely great,  and  to  magnitudes  so  far  sur- 
passing every  thing  we  see  around  us  on  this 
globe.  Hence  it  is  that  the  assertions  of 
astronomers  as  to  these  points  are  apt  to  be 
called  in  question,  or  to  be  received  with  a 
certain  degree  of  doubt  and  hesitation,  as  if 
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they  were  beyond  the  limits  of  truth  or  proba- 
bility. And  hence  such  persons  are  anxious 
to  inquire,  "  How  can  astronomers  find  out 
such  things  1"  "  Tell  us  by  what  methods 
they  can  measure  the  distances  of  the  planets 
and  determine  their  bulks  ?"  Such  questions, 
however,  are  more  easily  proposed  than  an- 
swered ;  not  from  any  difficulty  in  stating  the 
principles  on  which  astronomers  proceed  in 
their  investigations,  but  from  the  impossibility, 
in  many  instances,  of  conveying  an  idea  of 
these  principles  to  those  who  are  ignorant  of 
the  elements  of  geometry  and  trigonometry. 
A  very  slight  acquaintance  with  these  branches 
of  the  mathematics,  however,  is  sufficient  to 
enable  a  person  to  understand  the  mode  by 
which  the  distances  of  the  heavenly  bodies 
are  determined;  but  a  certain  degree  of  in- 
formation on  such  subjects  is  indispensably 
requisite,  without  which  no  satisfactory  ex- 
planation can  be  communicated. 

In  offering  a  few  remarks  on  this  subject,  I 
shall,  in  the  first  place,  state  certain  considera- 
tions, level  to  the  comprehension  of  the  general 
reader,  which  prove  that  the  celestial  bodies 
are  much  more  distant  from  the  earth,  and, 
consequently,  much  larger  than  they  are 
generally  supposed  to  be  by  the  vulgar,  and 
those  who  are  ignorant  of  astronomical  science; 
and,  in  the  next  place,  shall  give  a  brief  view 
of  the  mathematical  principles  on  which  astro- 
nomers proceed  in  their  calculations. 

When  a  common  observer  views  the  hea- 
vens for  the  first  time,  previous  to  having  re- 
ceived any  information  on  the  subject,  he  is 
apt  to  imagine  that  the  sun,  moon,  and  stars 
are  placed  in  the  canopy  of  the  sky  at  nearly 
the  same  distance  from  the  earth,  and  that 
this  distance  is  only  a  little  beyond  the  region 
of  the  clouds ;  for  it  is  impossible,  merely  by 
the  eye,  to  judge  of  the  relative  distances  of 
such  objects.  Previous  to  experience,  it  is 
probable  that  we  could  form  no  correct  idea 
of  the  relative  distances  of  any  objects  what- 
ever. The  young  man  who  was  born  blind, 
and  who  was  restored  to  sight  at  the  age  of 
thirteen,  by  ar!  operation  performed  by  Mr. 
Cheselden,  could  form  no  idea  of  the  distances 
cf  the  new  objects  presented  to  his  visual 
organs.  He  supposed  every  thing  he  saw 
touched  his  eyes,  in  the  same  manner  as 
erery  thing  he  felt  touched  his  skin.  An 
object  of  an  inch  diameter  placed  before  his 
eyes,  which  concealed  a  house  from  his  sight, 
appeared  to  him  as  large  as  the  house.  What 
he  had  judged  to  be  round  by  the  help  of  his 
hands  he  could  not  distinguish  from  what  he 
had  judged  to  be  square  ;  nor  could  he  discern 
by  his  eyes  whether  what  his  hands  had  per- 
ceived to  be  above  or  below  was  really  above 
or  below ;  and  it  was  not  till  after  two  months 
that  he  could  distinguish  pictures  from  solid 
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bodies.  In  like  manner  we  are  apt  to  be 
deceived  in  our  estimate  of  the  distances  of 
objects  by  the  eye,  particularly  of  those  which 
appear  in  the  concave  of  the  heavens;  and 
reason  and  reflection  must  supply  the  de- 
ficiency of  our  visual  organs  before  we  can 
arrive  at  any  definite  conclusions  respecting 
objects  so  far  beyond  our  reach. 

That  the  heavenly  bodies,  particularly  the 
sun,  are  much  greater  than  they  appear  to  the 
vulgar  eye,  may  be  proved  by  the  following 
consideration  :  When  the  sun  rises  due  east 
in  the  morning,  his  orb  appears  just  as  large 
as  it  does  when  he  comes  to  the  meridian  at 
midday.  Yet  it  can  be  shown  that  the  sun, 
when  he  is  on  our  meridian,  is  about  4000 
miles  nearer  us  than  when  he  rose  in  the 
morning.  This  may  be  illustrated  by  thf» 
following  figure. 

Fig.  95. 
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Let  A  B  C  D  represent  the  earth,  and  S 
the  sun  at  the  point  of  his  rising.  Suppose 
the  line  A  E  C  to  represent  the  meridian  of 
a  certain  place,  and  A  or  E  the  place  ^f  a 
spectator.  When  the  sun,  in  his  apparent 
diurnal  motion,  comes  opposite  the  meridian 
A  C,  he  is  a  whole  semidiameter  of  the  earth 
nearer  the  spectator  at  E  than  when  he  ap- 
peared in  the  eastern  horizon.  This  semi- 
diameter  is  represented  by  the  lines  A  H,  E 
B,  C  G,  and  is  equal  to  3965  miles.  Now 
were  the  sun  only  four  thousand  miles  distant 
from  the  earth,  and,  consequently,  eight  thou- 
sand miles  from  us  at  his  rising,  he  would  be 
nearly  four  thousand  miles  nearer  us  when  on 
the  meridian  than  at  his  rising ;  and,  conse 
quently,  he  would  appear  twice  the  diametei, 
and  four  times  as  large  in  surface  as  he  does 
at  the  time  of  his  rising.  But  observation 
proves  that  there  is  no  perceptible  difference 
in  his  apparent  magnitude  in  these  different 
positions ;  therefore  the  sun  must  be  much 
more  distant  from  the  earth  than  four  thou- 
sand miles.  If  his  distance  were  only  120,000 
miles,  his  apparent  diameter  would  appear 
1-30  part  broader  when  on  the  meridian  than 
at  the  time  of  his  rising,  and  the  difference 
could  easily  be  determined  ;  but  no  such  dif- 
ference is  perceptible ;  therefore  the  sun  is 
still  more  distant  than  one  hundred  and  twenty 
thousand  miles.  And,  as  the  real  size  of  any 
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body  is  in  proportion  to  its  distance,  compared 
with  its  apparent  size,  the  sun  must,  from  this 
consideration  alone,  be  more  than  1200  miles 
in  diameter,  and  must  contain  more  than  nine 
hundred  millions  of  cubical  miles.  But  how 
much  greater  his  distance  and  magnitude  are 
than  what  is  now  stated  cannot  be  determined 
from  such  observations. 

The  same  idea  may  be  illustrated  as  follows  : 
,  Suppose  a  spectator  at  Edinburgh,  which  may 
t)e  represented  by  the  point  A  (Fig.  95,)  and 
another  at  Capetown,  in  the  southern  extre- 
mity of  Africa,  about  the  time  of  our  winter 
solstice,  which  position  may  be  represented  by 
the  point  E  ,•  both  spectators  might  see  the 
sun  at  the  same  moment,  and  he  would  appear 
exactly  of  the  same  size  from  both  positions. 
Yet  such  spectators  would  be  more  than  4000 
miles  distant  from  each  other  in  a  straight 
line,  and  the  observer  at  Capetown  would  be 
several  thousands  of  miles  nearer  the  sun  than 
the  one  at  Edinburgh.  Now  if  the  sun  were 
only  a  few  thousands  of  miles  from  the  earth, 
he  would  appear  of  a  very  different  magnitude 
to  observers  removed  so  far  from  each  other, 
which  is  contrary  to  fact.  Consequently,  the 
sun  must  be  at  a  very  great  distance  from  the 
earth,  and  his  real  size  proportionable  to  that 
distance.  For  experience  proves  that  objects 
which  are  of  great  magnitude  may  appear 
comparatively  small  when  removed  from  us  to 
a  great  distance.  The  lofty  vessel,  as  it  re- 
cedes from  the  coast  towards  the  ocean,  gradu- 
ally diminishes  in  its  apparent  size,  till  at 


from  the  earth ;  but  the  diameter  of  the  earth 
is  nearly  8000  miles ;  therefore  the  shadow 
of  the  earth  gradually  decreases  in  breadth 
61 


length  it  appears  as  a  scarcely  distinguishable 
speck  on  the  v~rge  of  the  horizon ;  and  the 
aeronaut  with  his  balloon,  when  they  have 
ascended  beyond  the  region  of  the  clouds,  ap- 
pear only  as  a  small  dusky  spot  on  the  canopy 
of  the  sky,  and  sometimes  entirely  disappear. 
The  following  argument,  which  is  level  to 
the  comprehension  of  every  reflecting  mind, 
proves  that  the  sun  is  larger  than  the  whole 
globe  of  the  earth,  and  that  the  moon  is  con- 
siderably less.  Previous  to  the  application  of 
the  argument  to  which  I  allude,  it  may  be 
proper  to  illustrate  the  law  of  shadows.  The 
law  by  which  the  shadows  of  globes  are  pro- 
jected is  as  follows :  When  the  luminous  body 
is  larger  in  diameter  than  the  opaque  body, 
the  shadow  which  it  projects  converges  to  a 
point  which  is  the  vertex  of  a  cone,  as  in  Fig. 
96.  When  the  luminous  and  the  opaque  body 
are  of  an  equal  size,  the  shadow  is  cylindrical, 
and  passes  on  from  the  opaque  body  to  an 
indefinite  extent,  as  represented  in  Fig.  97. 
When  the  luminous  body  is  less  than  the 
opaque,  the  shadow  extends  in  breadth  beyond 
the  opaque  body,  and  grows  broader  and 
broader  in  proportion  to  its  distance  from  the 
opaque  globe,  as  in  Fig.  98.  This  may  be 
illustrated  by  holding  a  ball  three  or  four 
inches  in  diameter  opposite  to  a  candle,  when 
the  shadow  of  the  ball  will  be  seen  to  be 
larger  in  diameter  in  proportion  to  the  distance 
of  the  wail  or  screen  on  which  the  shadow  is 
projected.  Now  it  is  well  known,  and  will 
readily  be  admitted,  that  an  eclipse  of  the 
moon  is  caused  by  the  shadow  of 
the  earth  falling  upon  the  moon, 
when  the  sun,  earth,  and  moon 
are  nearly  in  a  straight  line  with 
respect  to  each  other ;  and  that  an 
eclipse  of  the  sun  is  caused  by 
the  shadow  of  the  moon  falling 
upon  a  certain  portion  of  the 
earth.  Let  S  (Fig.  99)  represent 
the  sun  ;  E  the  earth ;  and  M  the 
moon,  nearly  in  a  straight  line, 
which  is  the  position  of  these 
three  bodies  in  an  eclipse  of  the 
moon.  The  shadow  of  the  earth, 
at  the  distance  of  the  moon,  is 
found  to  be  of  a  less  diameter  than 
the  diameter  of  the  earth.  This 
is  ascertained  by  the  time  which 
the  moon  takes  in  passing  through 
the  shadow.  The  real  breadth  of 
that  shadow,  at  the  moon's  dis- 
tance from  the  earth,  is  about 
5900  miles,  sometimes  more  and 
sometimes  less,  according  as  the 
moon  is  nearer  to  or  further 
in  its  progress  through  space,  and,  by  calcula- 
tion, it  is  found  that  it  terminates  in  a  point, 
as  in  Fig.  96,  at  the  distance  of  about  850,000 
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miles.  But  when  a  luminous  globe  causes  the 
shadow  of  an  opaque  globe  to  converge  to- 
wards a  point,  as  in  Fig.  90,  the  luminous 
body  must  be  larger  in  diameter  than  the 
opaque  one.  The  sun  is  the  luminous  body 
which  causes  the  earth  to  project  a  shadow 
on  the  moon ;  this  shadow,  at  the  moon,  is 
less  in  breadth  than  the  diameter  of  the  earth ; 
therefore  it  inevitably  follows  that  the  sun  is 
larger  than  the  earth  /  but  how  much  larger 
cannot  be  determined  from  such  considera- 
tions. 

From  the  same  premises  it  necessarily  fol- 
lows that  the  moon  is  less  than  the  earth. 
For  the  moon  is  sometimes  completely  covered 
by  the  shadow  of  the  earth,  although  this 
shadow  is  less  than  the  earth's  diameter,  and 
not  only  so,  but  sometimes  takes  an  hour  or 
.two  in  passing  through  the  shadow.  If  the 
sun  were  only  equal  to  the  earth  in  size,  the 
.earth's  shadow  would  be  projected  to  an  in- 
definite extent,  and  be  always  of  the  same 
breadth,  and  might  sometimes  eclipse  the 
planet  Mars  when  in  opposition  to  the  sun. 
jf  the  sun  were  less  than  the  earth,  the  sha- 
dow of  the  earth  would  increase  in  bulk  the 
further  it  extended  through  space  (as  repre- 
sented in  Fig.  98,)  and  would  eclipse  the 
great  planets  Jupiter,  Saturn,  and  Uranus, 
with  all  their  moons,  when  they  happened  to 
be  near  their  opposition  to  the  sun ;  and  in 
this  case  they  would  be  deprived  of  the  light 
of  the  sun  for  many  days  together.  In  such  a 
case,  too,  the  sun  would  sometimes  be  eclipsed, 
to  the  earth  by  the  planet  Venus,  when  in  its 
inferior  conjunction  with  that  luminary :  an 
eclipse  which  might  cause  a  total  darkness  of 
several  hours  continuance.  In  short,  if  the 
sun  were  less  than  any  one  of  the  planets,  the 
system  would  be  thrown  into  confusion  by  the 
shadows  of  all  these  bodies  increasing  in  pro- 
portion to  their  distance,  and  interrupting, 
periodically,  for  a  length  of  time,  the  commu- 
nications of  light  and  heat.  But  as  none  of 
these  things  ever  happen,  it  is  evident  that 
the  sun  is  much  larger  than  the  whole  terra- 
queous globe. 

All  that  requires  to  be  taken  for  granted  by 
the  unlearned  reader  in  this  argument  is,  that 
the  earth  is  a  globular  body ;  that  an  eclipse 
of  the  moon  is  caused  by  the  shadow  of  the 
earth  falling  upon  that  orb  ;  and  that  the  sha- 
dow of  the  earth,  at  the  distance  of  the  moon, 
is  of  less  breadth  than  the  earth's  diameter. 
The  first  two  positions  will  readily  be  admit- 
ted ;  and  the  third  position,  respecting  the 
breadth  of  the  earth's  shadow,  may  be  received 
on  the  ground  of  what  has  been  above  stated, 
and  on  the  authority  of  astronomers.  For,  if 
they  were  ignorant  of  this  circumstance,  they 
could  not  calculate  eclipses  with  so  much  ac- 
curacy as  they  do,  and  predict  the  precise 
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moment  of  the  beginning  and  end  of  a  lunar 
eclipse.  If,  then,  any  individual  is  convinced, 
from  the  consideration  above  stated,  that  the 
sun  must  be  much  larger  than  the  earth,  he 
has  advanced  one  step  in  his  conceptions  of 
the  magnificence  of  the  heavenly  bodies,  and 
may  rest  with  confidence  on  the  assertions  of 
astronomers  in  reference  to  the  real  distances 
and  magnitudes  of  these  orbs,  although  he 
may  not  be  acquainted  with  the  mathematical 
principles  and  investigations  on  which  their 
calculations  proceed. 

Before  proceeding  to  the  illustration  of  the 
trigonometrical  principles  on  which  astrono- 
mers proceed  in  determining  the  true  distances 
of  the  heavenly  bodies,  it  may  be  requisite,  for 
the  unlearned  reader,  to  give  a  description  of 
the  nature  of  angles  and  the  mode  by  which 
they  are  measured.  An  angle  is  the  opening 
between  any  two  lines  which  touch  each  other 
in  a  point ;  and  the  width  of  the  opening  de- 
termines the  extent  of  the  angle,  or  the  num- 
ber of  degrees  or  minutes  it  contains.  Thus  if 
we  open  a  pair  of  compasses,  the  legs  of  which 
may  be  represented  by  A  B,  B  C,  Fig.  100, 
an  angle  is  formed  of  different  dimensions,  ac- 
cording as  the  extremities  of  the  legs  are  re- 
moved further  from  or  brought  nearer  to  each 
other.  If  the  legs  are  made  to  stand  perpen- 
dicular to  each  other,  as  in  Fig.  101,  the  angle 
is  said  to  be  a  right  angle,  and  contains  ninety 
degrees,  or  the  fourth  part  of  a  circle.  The 
walls  of  a  room  generally  stand  at  right 
angles  to  the  floor.  If  the  legs  be  separated 
more  than  a  right  angle,  they  form  what  is 
termed  an  obtuse  angk,  as  in  Fig.  102.  When 
the  angle  is  less  than  a  right  angle,  it  is  called  an 
acute  angle,  as  in  Fig.  100,  and,  consequently, 
contains  a  less  number  of  degrees  than  ninety. 
All  angles  are  measured  by  the  arc  of  a  circle 
described  on  the  angular  point;  and  every 
circle,  whether  great  or  small,  is  divided  into 
360  equal  parts,  called  degrees.  Thus,  if  I 
want  to  know  the  quantity  of  an  angle  at  K, 
(Fig.  103)  I  place  one  point  of  the  compasses 
at  the  angular  point  K,  and  describe  the  arc 
of  a  circle  between  the  two  sides  L  K,  KM,  and 
whatever  number  of  degrees  of  a  circle  is  con- 
tained between  them  is  the  quantity  or  mea- 
sure of  the  angle.  If,  as  in  the  present  case, 
the  angle  contains  the  eighth  part  of  a  circle 
or  half  a  right  angle,  it  is  said  to  be  an  angle 
of  forty-five  degrees.  A  triangle  is  a  figure 
which  contains  three  angles  and  three  sides,  as 
O  P  Q,  Fig.  104.  It  is  demonstrated  by  ma- 
thematicians, that  the  three  angles  of  every 
triangle,  whatever  proportion  these  angles  may 
bear  to  each  other,  are  exactly  equal  to  two 
right  angles,  or  180  degrees.  Thus,  in  the 
triangle  0  P  Q,  the  angle  at  Q  is  a  right  angle, 
or  ninety  degrees,  and  the  other  two  angles, 
0  and  P,  are  together  equal  to  ninety  de- 
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grees  ;  so  that,  if  one  of  these  angles  be  known, 

the  other  is  found  by  subtracting  the  number 

of  degrees  in  the  known  angle  from  ninety. 
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Thus,  if  the  angle  at  P  be  equal  to  thirty  de- 
grees, the  angle  at  0  will  be  equal  to  sixty 
degrees.  Hence,  if  any  two  angles  of  a  triangle 
be  known,  the  third  may  be  found  by  substract- 
ing  the  sum  of  the  two  known  angles  from  180 
degrees,  the  remainder  will  be  the  number  of 
degrees  in  the  third  angle.  All  the  triangles 
have  their  greatest  sides  opposite  to  their 
greatest  angles ;  and  if  all  the  angles  of  the 
triangle  be  equal,  the  sides  wilt  also  be  equal 
to  each  other. 

If  any  three  of  the  six  parts  of  a  triangle 
be  known  (excepting  the  three  angles,)  all  the 


other  parts  may  be  known  from  them.  Thus, 
if  the  side  P  Q,  and  the  angles  at  P  and  Q 
be  known,  we  can  find  the  length  of  the  sides 
P  O  and  0  Q.  It  is  on  this  general  principle 
that  the  distances  and  magnitudes  of  the  hea- 
venly bodies  are  determined. 

In  order  to  understand  and  apply  this  prin- 
ciple, it  is  necessary  that  we  explain  the  nature 
of  a  parallax.  A  parallax  denotes  the  change 
of  the  apparent  place  of  any  heavenly  body, 
caused  by  being  seen  from  different  points  of 
view.  This  may  be  illustrated  by  terrestrial 
objects  as  follows :  Suppose  a  tree  40  or  50 
yards  distant  from  two  spectators,  who  are  15 
or  20  yards  distant  from  each  other ;  the  one 
will  perceive  the  tree  in  a  line  with  certain 
objects  near  the  horizon,  which  are  consider- 
ably distant  from  those  which  appear  in  the 
direction  of  the  tree,  as  viewed  from  the  sta- 
tion occupied  by  the  other  spectator.  The 
difference  between  the  two  points  near  the 
horizon  where  the  tree  appears  to  coincide  to 
the  two  different  spectators  is  the  parallax  of 
the  object.  If  the  tree  were  only  20  or  25 
yards  distant,  the  parallax  would  he  twice  as 
large ;  or,  in  other  words,  the  points  in  the 
horizon  where  it  was  seen  by  the  two  specta- 
tors would  be  double  the  distance,  as  in  the 
former  case  ;  and  if  the  tree  were  two  or  three 
hundred  yards  distant,  the  parallax  would  be 
proportionally  small.  Or,  suppose  two  per- 
sons sitting  near  each  other  at  one  side  of  a 
room,  and  a  candle  placed  on  a  table  in  the 
middle  of  the  room,  the  points  on  the  opposite 
wall  where  the  candle  would  appear  to  each 
of  the  two  persons  would  be  considerably  dis- 
tant from  each  other ;  and  this  distance  may 
be  called  the  parallax  of  the  candle  as  viewed 
by  the  two  observers.  This  may  be  illustrated 
by  Fig.  105,  where  R  and  £  may  represent 
the  positions  of  the  observers ;  a  the  candle  or 
tree  ;  and  T  and  U  the  points  on  the  opposite 
wall  or  in  the  horizon  where  the  candle  or  the 
tree  appears  to  the  respective  observers.  The 
observer  at  R  sees  the  intermediate  object  at 
C7;  and  the  one  at  S  sees  it  in  the  direction  <S 
T.  The  angle  R  a  S,  which  is  equal  to  the 
angle  T  a  U,is  called  the  angle  of  parallax, 
which  is  the  difference  of  position  in  which 
the  object  is  seen  by  the  two  observers.  If, 
then,  the  distance  between  the  observers  J?  <S 
be  known,  and  the  quantity  of  the  angle  R  a 
S,  the  distance  between  the  observers  and  the 
object  can  also  be  known  by  calculation. 

Let  us  now  apply  this  principle  to  the 
heavenly  bodies.  In  Fig.  106  let  the  semi- 
circle S,  T,  A,  R,  S,  represent  a  section  of  the 
concave  of  the  heavens ;  the  middle  circle,  E 
C,  the  earth  ;  M  the  moon ;  C  the  centre  of 
the  earth  ;  and  E  #the  sensible  horizon  of  a 
spectator  at  E.  It  is  evident  that  if  the  moon 
be  viewed  from  the  earth  at  the  point  E,  she 
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will  be  seen  in  the  horizon  at  the  point  H; 
but  were  she  viewed  at  the  same  time  from  C, 
the  centre  of  the  earth,  she  would  appear 
among  the  stars  at  the  point  K,  in  a  more  ele- 
vated position  than  when  seen  from  the  sur- 
face of  the  earth  at  E.  The  difference  between 
those  two  apparent  positions  of  the  moon,  or 
the  angle  K  M  H,  is  called  the  moon's  hori- 
zontal parallax.  Astronomers  know  from 
calculation  in  what  point  of  the  heavens  the 
moon  would  appear  as  viewed  from  the  earth's 
centre ;  and  they  know  from  actual  observation 
where  she  appears  as  viewed  from  the  surface ; 
and,  therefore,  can  find  the  difference  of  the 
two  positions,  or  the  angle  of  parallax.  This 
angle  might  likewise  be  found  by  supposing 
two  spectators  on  different  parts  of  the  earth's 
surface  viewing  the  moon  at  the  same  time. 
Suppose  a  spectator  at  E,  who  sees  the  moon  in 
the  horizon  at  H\  and  another  observer,  on  the 
same  meridian,  at  B,  who  sees  her  in  his  zenith 
at  K\  the  parallax,  as  formerly,  will  be  K  H. 

The  parallax  of  a  heavenly  body  decreases 
in  proportion  to  its  altitude  above  the  horizon, 
and  at  the  zenith  (A)  it  is  nothing,  for  the 
line  from  the  centre  of  the  earth  coincides 
with  that  from  the  surface,  as  C  £  A.  Thus, 
the  parallax  of  the  moon  at  N  (a  6)  is  less 
than  the  horizontal  parallax,  K  H ;  but  from 
the  parallax  observed  at  any  altitude,  the  hori- 
zontal parallax  can  be  deduced ;  and  it  is  from 
this  parallax  that  the  distance  of  the  moon  or 
any  other  heavenly  body  is  determined.  The 
greater  the  distance  of  any  body  from  the 
earth,  the  less  is  its  parallax.  Thus  the 
heavenly  body  G,  which  is  further  from  the 
earth  than  the  moon,  has  a  less  parallax  (c  d) 
than  that  of  the  moon,  K  H. 

Now  the  parallax  of  the  moon  being  known, 
it  is  easy  to  find  the  distance  of  that  orb  from 
the  earth;  for  in  every  triangle,  if  one  side 
and  two  angles  be  known,  the  other  angle 
and  the  other  two  sides  can  also  be  found. 
In  the  present  case,  we  have  a  triangle  E  M 
C,  in  which  the  side  E  C,  or  the  semidiameter 
of  the  earth,  is  known.  The  angle  ME  C 
is  a  right  angle,  or  ninety  degrees ;  and  the 
parallactic  angle  E  M  C  is  supposed  to  be 
found  by  observation.  From  these  data,  by 
an  easy  trigonometrical  calculation,  the  length 
of  the  side  C  M,  or  the  distance  of  the  moon 
from  the  centre  of  the  earth,  can  be  determined 
with  the  utmost  precision,  provided  the  angle 
of  parallax  has  been  accurately  ascertaineu. 

Before  proceeding  to  illustrate  by  examples 
the  method  of  calculating  the  distances  of  the 
heavenly  bodies  when  the  parallax  is  found,  I 
shall  present  an  example  or  two  of  the  mode 
of  computing  the  heights  and  distances  of 
terrestrial  objects,  the  principle  on  which  we 
proceed  being  the  same  in  both  cases.  Sup- 
pose it  were  required  to  find  the  height  of  the 
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tower  C  B  (Fig.  107,)  we  first  measure  the 
distance   from  the  bottom   of  the  tower,  B, 
107  to  a  station  at  the 

point  A,  which  sup- 
pose to  be  one  hun- 
dred feet.  From 
this  station,  by  a 
quadrant  or  other 
angular  instrument, 
we  take  the  angle  of 
elevation  of  the  top 
of  the  tower,  or  the 
angle  CAB, which 

suppose  to  be  forty- 

fL  B  seven   and   a   half 

degrees.  Here  we  have  a  triangle  in  which 
we  have  one  side,  A  B,  and  two  angles; 
namely,  the  angle  at  A =472°,  and  the  angle 
at  B,  which  is  a  right  angle,  or  90°,  as  the 
tower  is  supposed  to  stand  perpendicular  to 
the  ground  ;  therefore  the  side  C  B,  which  is 
the  height  of  the  tower,  can  be  found,  and 
likewise  the  other  side,  A  C,  if  required.  To 
find  C  B,  the  height  of  the  tower,  we  make  A 
B  the  radius  of  the  circle,  a  portion  of  which 
measures  the  angle  A  ;  and  the  side  B  C,  or 
the  height  of  the  tower,  becomes  the  tangent 
of  that  angle.  And  as  there  is  a  certain  known 
proportion  between  the  radius  of  every  circle 
and  the  tangent,  the  height  of  the  tower  will 
be  found  by  the  following  proportion :  As  the 
radius:  is  to  the  tangent  of  the  angle  A, 
47£°  : :  so  is  the  side  A  B,  100  feet :  to  C  B, 
the  height  of  the  tower =109^  feet.  The 
following  is  the  calculation  by  logarithms  : 

Logarithm  of  the  2d  term — 

Tangent  of  47$°  ....  10.0379475 
Logarithm  of  A  5=100  feet — 

3d  term     .......      2.0000000 

12.0379475 

Logarithm  of  radius — 1st  term  10.0000000 
Logarithm  of  C  B,  4th  term= 

109£  feet= 2.0379475 

By  this  calculation  the  height  of  the  tower 
is  found  with  the  greatest  nicety,  provided  the 
measurement  of  the  side  A  B,  and  the  angle 
A,  have  been  taken  with  accuracy. 

Again :  Suppose  it 
were  required  to  mea- 
sure the  distance  be- 
tween a  tree  E,  and  a 
house  D,  on  the  oppo- 
site side  of  a  river. 
We  first  measure  a 
__  space  from  E  to  F 
~|  (Fig.  108,)  suppose 
200  yards,  in  a  right 
line,  and  then  find 
the  angles  E  and  F 
each  end  of  this  line. 
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Suppose  the  angle  at  E  to  be  seventy-three 
degrees  and  the  angle  at  F  sixty-eight  de- 
grees. As  all  the  angles  of  a  triangle  are 
equal  to  two  right  anges,  or  180°,  if  we  add 
these  two  angles  and  subtract  their  sura  from 
180°,  the  remainder,  39°,  will  be  the  measure 
of  the  angle  at  D.  It  is  a  demonstrated  pro- 
position in  trigonometry,  that  in  any  plane 
triangle,  the  sides  are  in  the  same  proportion 
as  the  sines  of  the  opposite  angles.  A  sine  is 
a  line  drawn  through  one  extremity  of  an  arc 
perpendicular  upon  the  diameter  or  radius 
passing  through  the  other  extremity,  as  a  d 
(Fig.  107.)  In  order,  then,  to  find  the  dis- 
tance (ED}  between  the  tree  and  the  house 
on  the  other  side  of  the  river,  we  state  the 
following  proportion  :  As  the  sine  of  D,  38°, 
the  angle  opposite  to  E  F,  the  known  side : 
is  to  the  sine  of  the  angle  /*',  68°,  opposite 
the  side  sought,  E  D : :  so  is  the  length  of  the 
line  E  F=200  yards:  to  the  distance,  E 
D,  between  the  tree  and  the  house=294$ 
yards.  The  following  is  the  operation  by 
logarithms : 

2d  term— Sine  of  angle,  F=  68°  9.9671659 
3d  term— E  F*=  200  yards.  Log.  2.3010300 

12.2681959 

1st  term— Sine  of  angle,  Z>=39°  9.7988718 
4th  term— D  E=  294$  yards  =  2.4693241 

In  these  examples  the  logarithms  of  the 
second  and  third  terms  of  the  proportion  are 
added,  and  from  their  sum  the  logarithm  of 
the  first  term  is  subtracted,  which  leaves  the 
logarithm  of  the  fourth  term ;  as  in  common 
numbers,  the  second  and  third  terms  are  mul- 
tiplied together,  and  their  product  divided  by 
the  first  term;  addition  of  logarithms  corre- 
sponding to  multiplication  of  whole  numbers, 
and  subtraction  to  division.  The  logarithms 
of  common  numbers,  and  of  sines  and  tan- 
gents, are  found  in  tables  prepared  for  the 
purposes  of  calculation. 

I  shall  now  state  an  example  or  two  in 
reference  to  the  celestial  bodies.  Suppose  it 
is  required  to  find  the  distance  of  the  moon 
from  the  earth.  In  Fig.  109,  let  E  C  repre- 
sent the  earth ;  M  the  moon ;  E  the  place  of 


place  as  seen  from  the  surface  at  E ;  or,  in 
other  words,  the  moon's  horizontal  parallax. 
This  parallax,  at  the  moon's  mean  distance 
from  the  earth,  is  found  to  be  57  minutes,  5 
seconds.  Here,  then  we  have  a  triangle,  C 
E  JV7,  of  which  we  have  one  side  and  two 
angles  given.  The  side  given  is  the  semi- 
diameter  of  the  earth,  E  C,  which  is  equal  to 
3965  miles ;  the  angle  at  E  is  a  right  angle, 
or  ninety  degrees,  for  it  forms  a  tangent  ,to  the 
circle  at  E ;  the  angle  at  M  is  the  horizontal 
parallax,  which  is  found  by  observation.  From 
these  data,  the  side  M  C,  or  the  distance  of 
the  moon  from  the  centre  of  the  earth,  may 
be  easily  found.  If  we  make  C  M  radius,  E 
C  will  be  the  sine  of  the  angle  3f;  and  the 
distance  of  the  moon  is  found  from  the  follow- 
ing proportion :  As  E  C,  the  sine  of  fifty- 
seven  minutes,  five  seconds :  is  to  3965,  the 
number  of  miles  in  the  semkiiameter  of  the 
earth : :  so  is  M  C,  the  radius :  to  a  fourth 
number,  238,800= M  C=the  distance  of  the 
moon  from  the  centre  of  the  earth. 


2d  term — 3965  ==  the  earth's  semi- 
diameter     

3d  term — Radius 

1st  term — Sine  of  57  minutes,  5 
seconds      

M  C,  distance  of  the  moon,  238,- 
800  milcs= 


3,508243 

lO.OOOOOO 
13.598243 

8.220215 
5.378028 


According  to  this  calculation,  the  moon  is 
two  hundred  and  thirty  eight  thousand,  eight 
hundred  miles  from  the  earth.  In  round  num- 
bers we  generally  say  that  the  moon  is  240,000 
miles  distant;  and,  in  point  of  fact,  she  is 
sometimes  considerably  more  than  240,000 
miles  distant,  and  sometimes  less  than  the 
number  above  stated,  as  she  moves  in  an 
elliptical  orbit,  her  horizontal  parallax  varying 
from  54  to  above  60  minutes. 

To  find  the  Diameter  of  the.  Moon. — In 
Fig.  110  let  A  G  H  represent  the  moon,  and 
C  an  observer  at  the  earth.  The  apparent 
diameter  of  the  moon  at  its  mean  distance,  as 
measured  by  a  micrometer,  is  31  minute's,  26 
seconds,  represented  by  the  angle  A  C  H;  the 

110 


a  spectator  observing  the  moon  in  his  sensible  half  of  tui.«.  or  the  angle  formed  by  the  semi- 
horizon  ;  E  M  b  and  C  M  a  the  direction  of  diau,-icr  of  the  moon,  A  C  G,  is  15  minutes, 
the  moon  as  seen  from  the  centre  of  the  eartb  * 3  seconds.  The  distance  of  the  moon,  G  G, 
at  C,  or  from  its  surface  at  B ;  a  the  place  or  is  supposed  to  be  found  as  above  stated, 
the  moon  as  seen  from  the  centre,  and  b  its  namely,  238,800  miles.  Her  >,  then,  we  have 
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the  angle  C  A  G,  which  is  a  right  angle,  and 
the  angle  A  C  G=15'  43",  which  is  found 
by  observation ;  and  the  side  C  G,  or  the  dis- 
tance of  the  moon  from  the  earth.  We  can 
therefore  find  the  side  A  G,  or  the  scmidia- 
meter  of  the  moon,  by  the  following  propor- 
tion :  As  radius :  is  to  C  G,  the  distance  of 
the  moon,  238,800  miles : :  so  is  the  sine  of 
A  C  G,  15'  43" :  to  the  number  of  miles  con- 
tained in  the  moon's  semidiameter,  A  G= 
1091$,  which,  being  doubled,  gives  2183 
miles  as  the  diameter  of  the  moon. 


Sdterm—  C  G= 238,800— Log 
3d  term— Sine  of  A  C  G,  15'  43" 

1st  term — Radius     .... 


5.378028 
7.660059 

13.038087 
10.000000 


Semidiameter  of  the  moon,l,09 1  £=  3.038087 
2 

Diameter  of  the  moon=  2,183 

Such  is  the  general  mode  by  which  the  dis- 
tances and  magnitudes  of  the  heavenly  bodies 
are  calculated.  I  am  aware  that  the  general 
reader,  who  is  unacquainted  with  the  princi- 
ples of  trigonometry,  may  find  a  little  difficulty 
in  comprehending  the  statements  and  calcula- 
tions given  above  ;  but  my  design  simply  was 
to  convey  an  idea  of  the  principle  on  which 
astronomers  proceed  in  their  computations  of 
the  distances  and  bulks  of  the  celestial  orbs, 
and  to  excite  those  who  are  anxious  to  under- 
stand the  subject,  to  engage  in  the  study  of 
plane  trigonometry,  a  study  which  presents  no 
great  difficulty  to  any  one  who  is  already  a 
proficient  in  common  arithmetic.  I  conclude 
the  subject  v»*;th  the  following 

General  Remarks. — I.  Before  the  bulks  of 
the  heaveril  >  bodies  can  be  determined,  their 
distances  fr  -m  the  earth  must  first  be  ascer- 
tained. W-  f.i\  their  distances  are  found,  it  is 
quite  an  eas  matter  to  determine  their  real 
bulks  from  eir  apparent  magnitudes.  2. 
The  semidii  refer  of  the  earth  forms  the 
groundwork  /  all  our  calculations  respect- 
ing the  disfa>  <w  of  the  celestial  orbs.  Were 
we  ignorant  >.,•  the  dimensions  of  the  earth, 
we  could  no1  ;Tid  the  real  distance  and  magni- 
tude of  any  h  venly  body;  and  it  is  owing  to 
the  comparatively  small  diameter  of  the  earth 
that  it  becomt  difficult  in  some  cases  to  de- 
termine with  a  TO  racy  the  parallaxes  of  certain 
heavenly  bod\  -:.  Were  we  placed  on  a  planet 
such  as  Jupiter,  whose  diameter  is  more  than 
eleven  times  that  of  our  globe,  it  would  be 
much  more  easy  to  find  the  parallaxes  of 
the  sun  and  planets.  The  parallaxes  of  Jupi- 
ter's moons,  as  observed  from  that  planet,  will 
form  pretty  large  angles  and  be  easily  percep- 
tible ;  and  so  likewise  will  be  the  parallaxes 
of  the  sun  and  the  other  planets  which  are 
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visible  from  that  globe.  3.  The  chief  difficulty 
in  finding  the  distances  of  the  heavenly  bodies 
is  to  determine  accurately  the  precise  quan- 
tity of  their  parallaxes.  In  the  case  of  the 
moon  there  is  no  difficulty,  as  her  horizontal 
parallax  amounts  to  nearly  one  degree,  and 
can  be  taken  with  the  greatest  nicety  ;  but  the 
sun's  parallax  is  so  small  that  it  was  some 
time  before  it  was  accurately  determined.  It 
was  for  this  purpose,  among  others,  that  Cap- 
tain Cook's  first  expedition  to  the  Pacific 
Ocean  was  undertaken,  in  order  that  the  as- 
tronomers connected  with  it  might  observe  the 
transit  of  Venus  at  the  island  of  Tahiti ;  since 
which  time  the  sun's  distance  has  been  ascer- 
tained within  the  one  eighty-seventh  part  of 
his  true  distance,  which  likewise  determines 
very  nearly  the  true  proportional  distance  and 
magnitudes  of  all  the  planets.  This  circum- 
stance accounts  for  the  fact,  that  in  books  of 
astronomy  published  about  a  century  ago,  the 
distances  and  magnitudes  of  the  sun  and 
planets  are  estimated  somewhat  lower  than 
they  are  now  found  to  be,  the  improvements 
which  have  been  made  in  the  construction 
of  astronomical  instruments  having  enabled 
modern  observers  to  measure  parallactic  angles 
with  greater  niceness  and  accuracy.  4.  When 
the  parallax  of  any  heavenly  body  is  once  ac- 
curately found,  and  its  apparent  diameter 
measured,  its  real  distance  and  bulk  can  be  as 
certainly  known  as  the  price  of  any  quantity 
of  merchandise  which  is  calculated  by  the  rule 
of  proportion.  5.  From  what  has  been  stated 
above,  we  may  learn  the  importance  of  know- 
ing all  the  properties  of  a  triangle,  and  the 
art  of  measuring  angles.  At  first  sight  it  may 
appear  to  be  a  matter  of  trivial  importance  to 
know  that  the  radius  of  a  circle  bears  a  certain 
known  proportion  to  the  sine  or  tangent  of  a 
certain  angle ;  that  the  sides  of  any  triangle 
are  in  the  same  proportion  as  the  sines  of  the 
opposite  angles  ;  and  that  the  three  angles  of 
every  plane  triangle  are  exactly  equal  to  two 
right  angles.  Yet  such  truths  form  the 
foundation  of  all  the  discoveries  which  have 
been  made  respecting  the  magnitudes  and 
distances  of  the  great  bodies  of  the  universe, 
and  of  the  ample  conceptions  we  are  now 
enabled  to  form  of  the  vast  extent  of  crea- 
tion, and  of  the  attributes  of  its  adorable 
Creator. 

Those  persons  who  feel  themselves  unable 
to  comprehend  clearly  the  principles  and  cal- 
culations above  stated,  may  rest  satisfied  with 
the  general  deductions  of  astronomers  respect- 
ing the  distances  and  magnitudes  of  the  sun 
and  planets,  from  the  following  considerations : 
1.  The  general  agreement  of  all  modern  as- 
tronomers as  to  these  deductions.  However 
much  astronomers  may  differ  in  regard  to  cer- 
tain subordinate  opinions  or  conjectures  re- 
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specting  certain  phenomena,  they  all  agree 
with  respect  to  the  bulks  and  distances  of  the 
planetary  orbs,  and  the  mode  by  which  they 
are  ascertained.  If  there  were  any  fallacy  in 
their  calculations,  such  is  the  tendency  of 
human  nature  to  find  fault,  it  would  soon  be 
pointed  out.  2.  The  consideration  of  the  ac- 
curacy with  which  astronomers  predict  certain 
celestial  phenomena  should  induce  persons 
unskilled  in  this  science  to  rely  on  the  con- 
clusions deduced  by  astronomers.  They  are 
fully  aware  that  the  ecjipses  of  the  sun  and 
moon  are  calculated  and  predicted  with  the 
utmost  accuracy.  The  very  ruoment  of  their 
beginning,  middle,  and  end,  and  the  places 
where  they  will  be  visible,  are  foretold  to  a 
nicety ;  the  nature  and  magnitude  of  the  eclipse, 
and  all  the  circumstances  connected  with  it, 
determined ;  and  that,  too,  for  more  than  a 
century  to  come.  All  the  eclipses  which  have 
happened  of  late  years  were  calculated  more 
than  half  a  century  ago,  and  are  to  be  found 
recorded  in  the  writings  of  astronomers.  They 
can  likewise  tell  when  Mars,  Jupiter,  or  Saturn 
is  to  suffer  an  occultation  by  the  moon,  the 
time  when  it  will  begin  and  end,  the  particular 
part  of  the  moon's  limb  behind  which  the 
planet  will  disappear,  the  point  on  the  opposite 
limb  where  it  will  again  emerge,  and  the  places 
of  the  earth  where  the  occultation  will  be 
visible.  They  can  likewise  predict  the  precise 
moment  when  any  of  the  fixed  stars — even 
those  invisible  to  the  naked  eye — shall  suffer 
an  occultation  by  the  moon  or  by  any  of  the 
planets ;  and  such  occultations  of  the  stars 
and  planets  are  stated  in  the  "  Nautical  Alma- 
nac," and  similar  publications,  three  or  four 
years  before  they  actually  happen. 

The  precise  time,  likewise,  when  the  planets 
Mercury  and  Venus  will  appear  to  pass  across 
the  sun's  disk,  has  been  predicted  for  a  cen- 
tury before  such  events  happened,  arid  such 
transits  have  been  calculated  for  several  cen- 
turies to  come,  and  will  most  assuredly  take 
place,  as  they  have  hitherto  done,  if  the  laws 
of  nature  continue  to  operate  as  in  ages  past. 
Dr.  Halley,  in  1691,  predicted  the  transit  of 
Venus  that  happened  in  1761,  seventy  years 
before  it  took  place  ;  and  not  only  so,  but  he 
calculated  the  precise  hour  in  which  the  planet 
would  appear  to  touch  the  limb  of  the  sun  as 
seen  from  different  places ;  the  particular  part 
of  the  sun's  margin  where  the  planet  would 
appear  and  disappear,  and  the  precise  course 
it  would  take  in  passing  across  the  disk  of  the 
eun ;  the  appearance  it  would  present  in  differ- 
ent regions  of  the  globe,  and  the  most  proper 
places  in  both  hemispheres  were  pointed  out 
where  either  its  beginning,  middle,  or  end 
would  be  most  distinctly  observed,  in  order  to 
accomplish  the  object  in  view;  namely,  the 
determination  of  the  exact  distance  of  the  sun. 


All  which  calculations  and  predictions  were 
ultimately  found  to  be  correct ;  and  astrono- 
mers were  sent  to  different  parts  of  the  globe 
to  observe  this  interesting  phenomenon,  which 
happens  only  once  or  twice  in  the  course  of  a 
century.  The  same  astronomer  calculated  the 
period  of  a  comet,  distinguished  by  the  name 
of"  Halley 's  Comet,"  and  predicted  the  periods 
when  it  would  return.  It  was  seen  in  Eng- 
land in  1682,  and  Dr.  Halley  calculated  that 
it  would  again  appear  in  this  part  of  the  system 
in  1758  ;  and  it  accordingly  made  its  appear- 
ance in  December,  1758,  and  arrived  at  its 
perihelion  on  the  13th  of  March,  1759.  The 
validity  of  these  calculations  and  predictions 
has  been  again  verified  by  the  reappearance 
of  the  same  comet  in  1835,  just  at  the  time 
when  it  was  expected,  which  proves  that  it 
completes  its  course  in  the  period  which  had 
been  predicted,  namely,  seventy-six  years, 
and  will,  doubtless,  again  revisit  this  part  of 
the  system  in  the  year  1911  or  191 2.  Astro- 
nomers can  likewise  point  out,  even  in  the 
daytime,  the  different  stars  and  planets  which 
are  above  the  hotizon,  though  invisible  to  the 
unassisted  eye.  I  have  sometimes  surprised 
even  gentlemen  of  intelligence  by  showing 
them,  through  an  equatorial  telescope,  the  star 
Arcturuy,  and,  in  a  minute  OF- two  afterward, 
the  star  Altair  in  another  part  of  the  heavens, 
and  the  planet  Venus  in  another  quarter  in 
the  form  of  a  brilliant  crescent,  while  the  sun 
was  several  hours  above  the  horizon,  and 
shining  in  its  greatest  brightness,  and  while 
these  bodies  are  every  moment  shifting  their 
apparent  positions  ;  all  which  is  quite  easy  to 
be  accomplished  by  every  one  who  under- 
stands the  motions  of  the  heavenly  bodies  and 
the  first  principles  of  astronomy. 

Now  as  the  above  facts  are  indisputable, 
and  every  one  who  feels  an  interest  in  the 
subject  may  satisfy  himself  as  to  their  reality, 
it  is  evident  to  a  demonstration  that  the  prin- 
ciples of  science  on  which  such  calculations 
and  predictions  proceed  are  not  mere  conjec- 
tures or  precarious  suppositions,  but  have  a 
real  foundation  in  the  constitution  of  nature 
and  in  ihe  fundamental  laws  which  govern 
the  universe.  And  as  the  knowledge  of  astro- 
nomers cannot  be  questioned  in  relation  to 
the  phenomena  to  which  I  refer,  it  would  be 
unreasonable,  and  injurious  to  the  moral  cha- 
racters of  such  men,  to  call  in  question  their 
modes  of  ascertaining  the  distances  of  the  sun 
and  the  planetary  bodies,  and  the  deductions 
they  have  made  in  relation  to  their  astonishing 
magnitudes.  There  is  no  science  whose  prin- 
ciples are  more  certain  and  demonstrable  than 
those  of  astronomy.  No  labour  or  expense 
has  been  spared  to  extend  its  observations, 
and  to  render  them  accurate  in  the  extreme; 
and  the  noblest  efforts  of  genius  have  been 
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called  forth  to  establish  its  truths  on  a  basis  leading  facts  and  deductions  of  this  science 
immutable  as  the  laws  of  the  universe ;  only  proclaims  his  own  imbecility  and  igno- 
and,  therefore,  the  man  who  questions  the  ranee. 


CHAPTER  VIII. 

On  the  Scenery  of  the  Heavens,  as  viewed  from  the  surfaces  of  the  different  Planets  and 

thtir  Satellites. 


THIS  is  a  department  of  descriptive  astro- 
nomy which  is  seldom  noticed  in  books  pio- 
fessedly  written  to  illustrate  the  objects  of  this 
science.  It  is  here  introduced  not  only  as  an 
interesting  subject  of  contemplation,  but  as  an 
illustration  of  the  variety  which  the  Creator 
has  introduced  into  the  scenes  of  the  universe, 
and  as  a  collateral  or  presumptive  argument 
in  support  of  the  doctrine  of  a  plurality  of 
worlds. 

Before  proceeding  to  the  particular  descrip- 
tions I  intend  to  give,  it  may  be  proper  to  state 
the  following  General  Remarks  ,•  1.  The  dif- 
ferent clusters  of  stars  or  the  constellations 
will  appear  exactly  the  same  when  viewed 
from  the  other  planets  as  to  the  inhabitants  of 
our  globe.  For  example,  the  constellations 
of  Orion  and  of  the  Great  Bear  will  appear 
of  the  same  shape  or  figure,  and  all  the  stars 
of  which  they  are  composed  will  appear  to 
have  the  same  arrangement  and  the  same 
relative  distances  from  each  other  and  from 
neighbouring  stars,  as  they  do  to  us.  2.  The 
apparent  magnitudes  of  the  fixed  stars  will 
appear  exactly  the  same  as  they  do  when 
viewed  from  our  world ;  that  is,  they  will  ap- 
pear no  larger  than  shining  points  of  different 
magnitudes,  even  when  viewed  from  the  most 
distant  planets.  The  reason  of  this  and  of  the 
preceding  position  is  obvious  from  the  conside- 
ration of  the  immense  distance  of  those  bodies; 
for  although  we  are  190  millions  of  miles 
nearer  some  of  the  fixed  stars  at  one  time  of 
the  year  than  at  another,  yet  there  appears  no 
sensible  difference  in  their  size  or  arrange- 
ment,  and  although  we  were  placed  on  the 
remotest  planet  of  the  system,  we  have  no 
reason  to  believe  that  any  material  difference 
in  this  respect  would  be  perceived  ;  for  the 
distances  of  the  remoter  planets  bear  no  sen- 
sible proportion  to  the  distances  of  the  fixed 
stars.  Even  the  distance  of  the  planet  Uranus, 
great  as  it  is,  which  would  require  four  hundred 
years  for  a  cannon  ball  to  move  over  the  space 
which  intervenes  between  that  orb  and  us,  is 
less  than  the  ten  thousandth  part  of  the  dis- 
tance of  the  nearest  star ;  and,  therefore,  can 
produce  no  sensible  difference  in  the  general 
aspect  of  the  starry  firmament.  3.  Though 
the  general  arrangement  of  the  stars  and  con- 
stellations will  appear  the  same  as  to  us,  yet 
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the  different  directions  of  the  axes  of  some  of 
the  planets  from  that  of  the  earth  will  cause  a 
different  appearance,  in  their  apparent  diur- 
nal revolutions.  Some  stars  which  appear  in 
our  equator  may,  in  other  planets,  appear  near 
one  of  their  poles,  and  our  pole  star  may  ap- 
pear near  their  equator. 

In  the  following  descriptions  it  is  taken  for 
granted  that  the  general  laws  of  vision  are 
materially  the  same  in  all  the  planetary  bodies 
as  in  that  part  of  the  system  which  we  occupy. 
Of  this  we  have  no  reason  to  doubt,  as  the 
same  identical  light  which  illuminates  the 
earth  likewise  enlightens  all  the  planets  and 
their  satellites.  It  originates  from  the  same 
source,  it  is  refracted  and  reflected  by  the  same 
laws,  and  must  produce  colours  similar  or 
analogous  to  those  which  diversify  the  surface 
of  our  globe  ;  though,  perhaps,  susceptible  of 
numerous  modifications  in  other  regions,  ac- 
cording to  the  nature  of  the  atmospheres 
through  which  it  passes,  and  the  quality  of 
the  objects  on  which  it  falls.  The  descrip- 
tions that  follow  likewise  proceed  on  the  sup- 
position that  the  extent  of  vision  is  the  same 
as  ours.  This,  in  all  probability,  is  not  the 
case.  It  is  more  probable  that,  in  certain 
worlds,  the  organs  of  vision  of  their  inhabit- 
ants may  be  far  more  exquisite  than  ours, 
and  capable  of  surveying  with  distinctness  a 
much  more  extensive  range  of  view.  But  as 
we  are  ignorant  of  such  particulars,  we  can 
only  proceed  on  the  assumption  of  what  would 
appear  to  eyes  constituted  like  ours  were  we 
placed  on  the  surfaces  of  the  different  planets. 

Scenery  of  the  Heavens  from  the  Planet 
Mercury. — This  planet  being  so  near  the  sun 
has  prevented  us  from  discovering  various 
particulars  which  have  been  ascertained  in 
relation  to  several  of  the  other  planets ;  and, 
therefore,  little  can  be  said  respecting  its  celes- 
tial scenery.  The  starry  heavens  will  appear 
to  move  around  it  every  twenty-four  hours,  as 
they  do  to  us,  if  the  observations  of  M.  Schroe- 
ter,  formerly  stated  (p.  33)  be  correct ;  but  the 
direction  of  its  axis  of  rotation  is  not  known, 
and,  therefore,  we  cannot  tell  what  stars  will 
appear  near  its  equator  or  its  poles.  The  sun 
will  present  a  surface  in  the  heavens  seven 
times  as  large  as  he  does  to  us,  and,  of  course, 
will  exhibit  a  very  august  and  brilliant  appear- 
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ance  in  the  sky,  and  will  produce  a  corres- 
ponding brightness  and  vividness  of  colour  on 
the  objects  which  are  distributed  over  the  sur- 
face of  the  planet.  Both  Venus  and  the  earth 
will  appear  as  superior  planets;  and  when 
Venus  is  near  its  opposition  to  the  sun,  at 
which  time  it  will  rise  when  the  sun  sets,  it 
will  present  a  very  brilliant  appearance  to  the 
inhabitants  of  Mercury,  and  serve  the  purpo- 
ses of  a  small  moon,  to  illuminate  the  evenings 
in  the  absence  of  the  sun.  As  Venus  presents 
a  full  enlightened  hemisphere  at  this  period  to 
the  inhabitants  of  Mercury,  it  will  exhibit  a 
surface  six  or  seven  times  larger  than  it  does 
to  us  when  it  shines  with  its  greatest  brilliancy, 
and,  therefore,  will  appear  a  very  bright  and 
•conspicuous  object  in  the  firmament  of  this 
planet.  At  all  other  times  it  will  appear  at 
least  two  or  three  times  larger  than  it  ever 
does  as  seen  from  the  earth.  It  will  generally 
appear  round ;  but  at  certain  times  it  will  ex- 
hibit a  gibbous  phase,  as  the  planet  Mars  fre- 
quently does  to  us.  It  will  never  appear  to 
the  inhabitants  of  Mercury  in  the  form  of  a 
crescent  or  a  half  moon,  as  it  sometimes  does 
through  our  telescopes.  There  is  no  celestial 
body  within  the  range  of  this  planet  with 
which  we  are  acquainted  which  will  exhibit 
either  a  half  moon  or  a  crescent  phase,  unless 
it  be  accompanied  with  a  satellite.  The  earth 
is  another  object  in  the  firmament  of  Mercury 
which  will  appear  next  in  splendour  to  Venus. 
The  earth  and  Venus  are  nearly  of  an  equal 
size,  Venus  being  only  130  miles  less  in 
diameter  than  the  earth  ;  but  the  earth  being 
nearly  double  the  distance  of  Venus  from 
Mercury,  its  apparent  size,  at  the  time  of  its 
opposition  to  the  sun,  will  be  only  about  half 
that  of  Venus.  The  earth,  however,  at  this 
period,  will  appear  in  the  sky  of  Mercury  of  a 
size  and  splendour  three  or  four  times  greater 
than  Venus  does  to  us  at  the  period  of  its 
greatest  brilliancy.  Our  moon  will  also  be 
seen  like  a  star  accompanying  the  earth, 
sometimes  approaching  to  or  receding  further 
from  the  earth,  and  sometimes  hidden  from 
the  view  by  passing  across  the  disk  of  the 
earth  or  through  its  shadow.  It  will  probably 
appear  about  the  size  and  brightness  of  Mars 
or  Saturn,  as  seen  in  our  sky.  The  earth 
with  its  satellite,  and  Venus,  will  be  seen 
near  ths  same  point  of  the  heavens  at  the 
end  of  every  nineteen  months,  when  they  will 
for  some  time  appear  the  most  conspicuous 
objects  in  the  heavens,  and  will  diffuse  a  con- 
siderable portion  of  light  in  the  absence  of  the 
sun.  At  other  periods,  the  one  will  rise  in 
the  eastern  horizon  as  the  other  sets  in  the 
western  ;  so  that  the  inhabitants  of  Mercury 
will  seldom  be  without  a  conspicuous  object 
in  their  heavens,  diffusing  a  lustre  far  supe- 
rior to  that  of  any  other  stars  or  planets.  The 
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earth  will  be  in  opposition  to  the  sun  every 
four  mouths,  and  Venus  after  a  period  of  five 
months.  The  planets  Mars,  Jupiter,  and 
Saturn  will  appear  nearly  as  they  do  to  us, 
but  with  a  somewhat  inferior  degree  of  mag- 
nitude and  brilliancy,  particularly  in  the  case 
of  Mars.  The  period  of  the  annual  revolu- 
tion of  Mercury  being  eighty-eight  days,  the 
sun  will  appear  to  move  from  west  to  east 
through  the  circle  of  the  heavens  at  a  rate 
more  than  four  times  greater  than  his  apparent 
motion  through  the  signs  of  our  zodiac. 

Appearance  of  the  Heavens  as  viewed  from 
Venus. — To  the  inhabitants  of  this  planet 
the  heavens  will  present  an  aspect  nearly 
similar  to  that  of  Mercury,  with  a  few  varia- 
tions. Mercury  will  be  to  Venus  an  inferior 
planet,  which  will  never  appear  beyond  thirty- 
eight  or  forty  degrees  of  the  sun.  It  will  ap- 
pear in  the  evening  after  sunset  for  the  space 
of  two  or  three  hours  when  near  its  elonga- 
tion, and  in  the  morning  before  sunrise  when 
in  the  opposite  part  of  its  course,  and  will 
alternately  be  a  morning  and  an  evening  star 
to  Venus,  as  that  planet  is  to  us,  but  with  a 
less  degree  of  splendour.  The  most  splendid 
object  in  the  nocturnal  sky  of  Venus  will  be 
the  earth,  when  in  opposition  to  the  sun,  when 
it  will  appear  with  a  magnitude  and  splen- 
dour five  or  six  times  greater  than  either  Ju- 
piter or  Venus  appears  to  us  at  the  time  of 
their  greatest  brilliancy.  It  will  serve,  in  a 
great  measure,  the  purpose  of  a  moon  to 
Venus,  if  this  planet  have  no  satellite,  and 
will  cause  the  several  objects  on  its  surface  to 
project  distinct  and  well-defined  shadows,  as 
our  moon  does  when  she  appears  a  crescent. 
Our  moon,  in  its  revolutions  round  the  earth, 
will  likewise  appear  a  prominent  object  in  the 
heavens,  and  will  probably  appear  about  the 
size  that  Jupiter  appears  to  us.  Her  oceulta- 
tions,  eclipses,  and  transits  across  the  earth's 
disk  will  be  distinctly  visible.  With  tele- 
scopes such  as  the  best  of  ours  the  earth 
would  appear  from  Venus  a  much  larger  and 
more  variegated  object  than  any  of  the  planets 
do  to  us  when  viewed  with  high  magnifying 
powers.  The  forms  of  our  different  conti- 
nents, seas,  and  islands,  the  different  strata  of 
clouds  in  our  atmosphere,  with  their  several 
changes  and  motions,  and  the  earth's  diurnal 
rotation,  would,  in  all  probability,  be  distinctly 
perceived.  Even  the  varieties  which  distin- 
guish the  surface  of  our  moon  would  be  visi- 
ble with  telescopes  of  high  magnifying  power. 
The  circumstances  now  stated  prove  the  con- 
nexion of  the  different  parts  of  the  planetary 
system  with  one  another,  and  that  the  Creator 
has  so  arranged  this  system  as  to  render  one 
world,  in  a  certain  degree,  subservient  to  the 
benefit  of  another.  The  earth  serves  as  a 
large  and  splended  moon  to  the  lunar  mha- 
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bitants ;  it  serves,  in  a  certain  degree,  the  pur- 
pose of  a  feinall  moon  to  Mercury  ;  it  serves 
the  purpose  of  a  larger  moon,  by  exhibiting  a 
surface  and  a  radiance  four  times  greater  to 
the  inhabitants  of  Venus ;  and  it  serves  as  a 
morning  and  an  evening  star  to  the  planet 
Mars.  So  that,  while  we  feel  enjoyment  in 
contemplating  the  moon  walking  in  bright- 
ness, and  hail  with  pleasure  the  morning  star 
as  the  harbinger  of  day,  and  feel  a  delight  in 
surveying  those  nocturnal  orbs  through  our 
telescopes,  the  globe  on  which  we  dwell 
affords  similar  enjoyments  to  the  intellectual 
beings  in  neighbouring  worlds,  who  behold 
our  habitation  from  afar  as  a  bright  speck 
upon  their  firmament,  diffusing  amid  the 
shades  of  night  a  mild  degree  of  radiance. 
From  Venus  the  planets  Saturn  and  Jupi- 
ter will  appear  nearly  as  they  do  to  us,  but 
the  planet  Mars  will  appear  considerably 
smaller.  The  sun  in  this  planet  will  present 
a  surface  twice  as  large  as  he  does  in  our 
sky,  and  will  appear  to  make  a  revolution 
round  the  heavens  in  the  course  of  seven 
months  and  a  half,  which  completes  the  year 
of  Venus. 

The  Heavens  as  mewed  from  Mars. — From 
this  planet  the  earth  will  at  certain  periods  be 
distinctly  seen,  but  it  will  present  a  different 
aspect  both  in  its  general  appearance  and  its 
apparent  motions  from  what  it  does  to  the  in- 
habitants of  Venus.  To  Mars  the  earth  is 
an  inferior  planet,  whose  orbit  is  within  the 
orbit  of  Mars.  It  will  therefore,  be  seen  only 
as  a  morning  and  an  evening  star,  as  Venus 
appears  to  us ;  but  with  a  less  degree  of  mag- 
nitude and  brightness,  since  Mars  is  at  a 
greater  distance  from  the  earth  than  the  earth 
is  from  Venus.  It  will  present  to  Mars  suc- 
cessively the  form  of  a  crescent,  a  half  moon, 
and  a  gibbous  phase,  but  will  seldom  or  never 
be  seen  as  a  full  enlightened  hemisphere,  on 
account  of  its  proximity  to  the  sun,  when  its 
enlightened  surface  is  fully  turned  towards 
the  planet ;  nor  will  it  ever  appear  further  re- 
moved from  the  sun,  either  in  the  mornings 
or  evenings,  than  forty-eight  degrees,  so  that 
the  earth  will  never  appear  in  the  firmament 
of  Mars  about  midnight.  The  earth  will 
likewise  be  sometimes  seen  to  pass  across  the 
sun's  disk  like  a  round  black  spot,  as  Venus 
and  Mercury  at  certain  periods  appear  to  us  ; 
but  the  planet  Mercury  will  never  be  seen 
from  Mars  on  account  of  its  smallness  and  its 
nearness  to  the  sun  ;  for  at  its  greatest  elonga- 
tion it  will  be  only  a  few  degrees  from  the 
sun's  margin,  and  will  consequently  be  im- 
mersed in  his  rays.  The  only  time  in  which 
it  mioftt  happen  to  be  detected  will  be  when 
it  makes  a  transit  across  the  solar  disk.  Venus 
will  be  as  seldom  seen  by  the  inhabitants  of 
Mars  as  Mercury  is  to  us.  Our  moon  will 
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likewise  be  seen  from  Mars  like  a  small  stai 
accompanying  the  earth,  sometimes  appearing 
to  the  east  and  sometimes  to  the  west  of  the 
earth,  but  never  at  a  greater  distance  from 
each  other  than  fifteen  minutes  of  a  degree, 
or  about  half  the  apparent  breadth  of  the 
moon ;  and  with  telescopes  such  as  ours  all 
its  phases  and  eclipses  might  be  distinctly  per- 
ceived. The  planets  Jupiter  and  Saturn  will 
appear  to  Mars  nearly  as  they  do  to  us.  At 
the  time  of  Jupiter's  opposition  to  the  sun 
that  planet  will  appear  a  slight  degree  larger, 
as  Mars  is  then  fifty  millions  of  miles  nearer 
it  than  we  are ;  but  Saturn  will  not  appear 
sensibly  larger  than  to  us ;  and  it  is  likely  that 
the  planets  Uranus,  Vesjpi,  Juno,  CeresT  and 
Pallas  will  not  be  more  distinguishable  than 
they  are  from  our  globe.  The  point  Aries, 
on  the  ecliptic  of  Mars,  or  one  of  the  points 
where  its  ecliptic  and  equator  intersect  each 
other,  corresponds  to  19°  28'  of  our  sign 
Sagittarius.  In  consequence  of  this,  the 
poles  of  Mars  will  be  directed  to  points  of  the 
heavens  considerably  different  from  our  polar 
points,  and  its  equator  will  pass  through  a 
different  series  of  stars  from  that  which  marks 
our  equator,  which  will  cause  the  different 
stars  and  constellations  in  their  apparent  diur- 
nal revolution  to  present  a  different  aspect 
from  what  they  do  in  their  apparent  move- 
ments round  our  globe. 

The  Heavens,  as  viewed  from  Vesta,  Juno, 
Ceres,  and  Pallas. — These  planets,  being  so 
very  nearly  at  the  same  mean  distance  from 
the  sun,  the  appearance  of  the  heavens  will 
be  nearly  the  same  to  the  inhabitants  (if  any) 
of  each  of  these  bodies.  The  planet  Jupiter 
will  be  the  most  conspicuous  object  in  the 
nocturnal  sky  of  all  these  planets,  and  will 
appear  with  nearly  three  times  the  size  and 
splendour  that  he  does  when  seen  from  the 
earth,  so  as  to  exhibit  the  appearance  of  a 
small  brilliant  moon.  Saturn  will  appear 
somewhat  larger  and  brighter  than  to  us,  but 
the  difference  in  his  appearance  will  be  incon- 
siderable ;  nor  will  Uranus  be  more  distinctly 
visible  than  from  the  earth.  At  other  times, 
when  near  their  conjunction  with  the  sun,  these 
planets  will  appear  smaller  than  to  us.  Mars 
will  sometimes  appear  as  a  morning  and  an 
evening  star,  but  he  will  always  be  in  the  im- 
mediate neighbourhood  of  the  sun,  and  will 
present  a  surface  much  less  in  apparent  size 
than  he  does  to  the  earth.  The  earth  will 
seldom  be  seen  on  account  of  its  proximity 
to  the  sun ;  and  Venus  and  Mercury  will  be 
altogether  invisible,  unless  when  they  transit 
the  solar  disk.  It  is  likely  that,  at  certain 
times,  the  planets  Vesta,  Juno,  Ceres,  and 
Pallas  will  exhibit  an  uncommon,  and  occa- 
sionally a  brilliant  appearance  in  the  firma- 
ment of  each  other.  As  their  distances  from 
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the  sun  are  so  nearly  the  same,  they  may  oc- 
casionally approach  each  other  so  as  to  be  ten 
times  nearer  to  one  another  in  one  part  of 
their  course  than  at  another.  It  is  even  pos- 
sible that  they  might  approach  within  a  few 
miles  of  each  other,  or  even  come  into  colli- 
sion. These  different  positions  in  which  they 
may  be  placed  in  relation  to  one  another  will 
doubtless  produce  a  great  variety  in  the  ap- 
pearances they  present  in  their  respective 
firmaments;  so  that  at  one  time  they  may 
present  in  the  visible  firmament  a  surface  a 
hundred  or  even  two  hundred  times  greater 
than  they  do  in  other  parts  of  their  annual 
revolutions.  It  is  probable,  therefore,  that  the 
diversified  aspects  of  these  planets,  in  respect 
to  each  other,  will  form  the  most  striking  phe- 
nomena which  diversify  their  nocturnal  hea- 
vens. In  consequence  of  the  great  eccentricity 
of  the  orbit  of  Pallas,  the  sun  will  appear 
much  larger  to  this  planet  in  one  part  of  its 
revolution  than  it  does  at  another. 

Celestial  Scenery  from  Jupiter. — The  only 
planet  whose  appearance  will  be  conspicuous 
in  the  firmament  of  Jupiter  is  the  planet 
Saturn,  which  will  appear  with  a  surface  four 
times  greater  than  is  exhibited  in  our  sky,  and 
will  appear  larger  than  either  Jupiter  or  Venus 
does  to  us,  particularly  at  the  time  of  its  oppo- 
sition to  the  sun.  At  certain  other  periods, 
when  near  the  time  of  its  conjunction  with 
the  sun,  it  will^appear  considerably  smaller 
than  when  viewed  from  the  earth  ;  as,  at  such 
periods,  Saturn  is  nearly  fourteen  hundred 
millions  of  miles  distant  from  Jupiter,  while 
it  is  never  beyond  ten  hundred  millions  from 
the  earth,  even  at  its  remotest  distance.  The 
planet  Uranus,  which  is  scarcely  visible  to  our 
unassisted  sight,  will  not  be  much  more  dis- 
tinguishable at  Jupiter  than  with  us,  even  at 
the  period  of  its  opposition,  although  Jupiter 
is  at  that  time  400,000,000  of  miles  nearer  it 
than  a  spectator  on  the  earth.  At  other  times, 
when  near  its  conjunction  with  the  sun,  it 
will  be  2,300,000,000  of  miles  from  Jupiter, 
which  is  400/00,000  of  miles  more  distant 
than  it  ever  is  from  us.  Mars  will  scarcely 
be  seen  from  Jupiter,  both  on  account  of  his 
smallness  and  his  proximity  to  the  sun ;  for 
at  his  greatest  elevation  he  can  never  be  more 
than  eighteen  degrees  from  that  luminary. 
The  earth,  too,  will  be  invisible  from  Jupiter, 
both  on  account  of  its  small  size,  its  distance, 
and  its  being  in  the  immediate  vicinity  of  the 
sun,  and  immersed  in  its  rays ;  so  that  the  in- 
habitants of  this  planet  will  scarcely  suspect 
that  such  a  globe  as  that  on  which  we  dwell 
exists  in  the  universe.  It  is  a  humiliating 
consideration  to  reflect,  that  before  we  have 
passed  over  one  fourth  part -of  the  extent  of 
our  system,  this  earth,  with  all  its  kingdoms 
and  fancied  grandeur,  of  which  mortals  are 


so  proud,  vanishes  from  the  sight,  as  if  it  were 
a  mere  atom  in  creation,  and  is  altogether 
unnoticed  and  unknown.  It  is  calculated  to 
convey  a  lesson  of  humility  and  of  humanity 
to  those  proud  and  ambitious  mortals  who 
glory  in  their  riches,  and  in  the  small  patches 
of  earthly  territory  they  have  acquired  at  the 
expense  of  the  blood  of  thousands  of  their 
fellow-men,  and  who  fancy  themselves  to  be 
a  species  of  demigods,  because  they  have  as- 
sisted in  the  conquest  of  nations,  and  in 
spreading  ruin  and  devastation  over  the  earth. 
Let  us  wing  our  flight  to  Jupiter  or  Saturn, 
which  appear  so  conspicuous  in  our  nocturnal 
sky,  and  before  we  have  arrived  at  the  middle 
point  of  the  planetary  system  this  globe  on 
which  we  tread,  with  all  the  proud  mortals 
that  dwell  upon  its  surface,  vanishes  from  the 
sight  as  a  particle  of  water,  with  its  micro- 
scopic animalculse,  dropped  into  the  ocean, 
disappears  for  ever.  In  those  regions  more 
expansive  and  magnificent  scenes  open  to 
view,  and  their  inhabitants,  if  ever  they  have 
heard  of  such  beings  as  fallen  man,  look  down 
with  an  eye  of  pity  and  commiseration,  and 
view  their  characters  and  conduct  with  a  holy 
indignation  and  contempt. 

Venus  and  Mercury  will,  of  course,  be  alto- 
gether invisible  from  the  surface  of  Jupiter, 
and  it  is  questionable  whether  even  the  planets 
Vesta,  Jurio,  Ceres,  and  Pallas  will  be  per- 
ceived. But  although  so  few  of  the  primary 
planets  are  seen  in  the  nocturnal  sky  of  this 
planet,  its  firmament  will  present  a  most  splen- 
did and  variegated  aspect  by  the  diversified 
phases,  eclipses,  and  movements  of  the  satel- 
lites with  which  it  is  encircled  ;  so  that  its  in- 
habitants will  be  more  charmed  and  interested 
by  the  phenomena  presented  by  their  own 
moons  than  by  their  contemplation  of  the  other 
bodies  of  the  system.  But  as  I  have  already 
described  the  appearances  of  the  moons,  as 
seen  from  Jupiter  (p,  122,  chap.  iv.  sec.  ii.) 
it  is  unnecessary  to  enlarge. 

Scenery  of  the  Heavens  as  viewed  from  Sa- 
turn.— The  firmament  of  Saturn  will  unques- 
tionably present  to  view  a  more  magnificent 
and  diversified  scene  of  celestial  phenomena 
than  that  of  any  other  planet  of  our  system. 
It  is  placed  nearly  in  the  middle  of  that  space 
which  intervenes  between  the  sun  and  the  orbit 
of  the  remotest  planet.  Including  its  rings 
and  satellites,  it  may  be  considered  as  the 
largest  body  or  system  of  bodies  within  the 
limits  of  the  solar  system  ;  and  it  excels  them 
all  in  the  sublime  and  diversified  apparatus 
with  which  it  is  accompanied.  In  these  re- 
spects Saturn  may  justly  be  considered  as  the 
sovereign  among  the  planetary  hosts.  The 
prominent  parts  of  its  celestial  scenery  may  be 
considered  as  belonging  to  its  own  system  of 
rings  and  satellites,  and  the  views  which  will 
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occasionally  be  opened  of  the  firmament  of 
the  fixed  stars  ;  for  few  of  the  other  planets 
will  make  their  appearance  in  its  sky.  Jupi- 
ter will  appear  alternately  as  a  morning  and 
an  evening  star,  with  about  the  same  degree 
of  brilliancy  it  exhibits  to  us ;  but  it  will  sel- 
dom be  conspicuous  except  near  the  period  of 
its  greatest  elongation,  and  it  will  never  appear 
to  remove  from  the  sun  further  than  thirty- 
seven  degrees,  and,  consequently,  will  not  ap- 
pear so  conspicuous,  nor  for  such  a  length  of 
time,  as  Venus  does  to  us.  Uranus  is  the 
only  other  planet  which  will  be  seen  from  Sa- 
turn, and  it  will  there  be  distinctly  perceptible, 
like  a  star  o£  the  third  magnitude,  when  near 
the  time  of  its  opposition  to  the  sun.  But  near 
the  time  of  its  conjunction  it  will  be  completely 
invisible,  being  then  eighteen  hundred  mil- 
lions of  miles  more  distant  than  at  the  opposi- 
tion, and  eight  hundred  millions  of  miles  more 
distant  from  Saturn  than  it  ever  is  from  the 
earth  at  any  period.  All  the  other  eight 
planets,  together  with  our  moon,  will  be  far 
beyond  the  reach  of  a  spectator  in  Saturn,  un- 
less he  be  furnished  with  organs  of  vision  far 
superior  to  ours  in  their  "  space-penetrating 
power."  It  is  not  improbable  that  more 
comets  will  be  seen  in  their  course  from  the 
sun,  from  the  distant  regions  in  which  Saturn 
moves,  than  from  that  part  of  the  system  in 
which  we  are  placed.  Some  of  these  bodies, 
when  they  pass  beyond  the  limits  of  our  view, 
will  be  visible  beyond  the  orbit  of  Saturn  ;  and 
as  their  motions  in  those  distant  spaces  are 
much  slower  than  when  near  the  sun,  they 
will  remain  visible  •  for  a  longer  time,  when 
they  happen  to  make  their  appearance,  than 
they  do  when  passing  through  our  part  of  the 
system. 

Having  already  given  a  pretty  full  descrip- 
tion of  the  appearance  of  the  rings  of  this 
planet  as  viewed  from  its  surface  (p.  87-91) 
and  of  the  phenomena  exhibited  by  its  satel- 
lites (p.  126,)  it  is  unnecessary  to  introduce 
the  subject  in  this  place.  I  shall  only  remark 
further,  in  regard  to  the  rings  which  encompass 
this  planet,  that,  besides  the  light  they  reflect 
on  the  planet,  and  the  brilliant  aspect  they 
present  in  its  firmament,  they  cast  a  great 
diversity  of  shadows  upon  the  surface  of  the 
planet,  of  different  breadths  at  different  times 
and  places,  and  it  will  require  a  considerable 
degree  of  attention  and  investigation  on  the 
part  of  its  inhabitants  to  determine  whence  the 
shadows  proceed.  For  when  the  dark  sides 
of  the  rings  are  turned  towards  them,  they 
will,  in  all  probability,  be  invisible  in  their 
sky,  as  the  dark  side  of  the  moon  or  of  Venus 
is  to  us  ;  and,  therefore,  they  may  be  at  a  loss, 
in  some  instances,  to  discover  the  causes  of 
such  varieties  of  light  and  shade.  For, 
although  we  are  placed  in  a  convenient  posi- 
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tion  to  perceive  that  they  are  in  reality  com 
plete  rings  which  environ  the  body  of  Saturn, 
yet  it  will  not  be  so  easy  for  its  inhabitants  to 
discover  this  fact ;  as  only  a  portion  of  the 
rings  will  be  visible  in  some  places,  and  in  the 
regions  near  the  poles  they  will  appear  only 
like  a  bright  streak  in  the  horizon.  They  will 
naturally  conclude  that  the  shadows  proceed 
from  some  body  in  their  firmament ;  but  they 
will  require  to  make  a  great  variety  of  obser- 
vations, to  compare  them  together,  and  to  in- 
vestigate the  doctrine  of  parallaxes,  before  they 
come  to  the  conclusion  that  the  phenomena 
alluded  to  are  caused  by  mighty  rings  which 
encompass  their  habitation. 

As  the  diameter  of  Saturn  is  ten  times  the 
diameter  of  the  earth,  it  will  be  comparatively 
easy  for  its  inhabitants  to  find  the  parallaxes, 
distances,  and  magnitudes  of  its  different  satel- 
lites, and  likewise  of  Jupiter  and  Uranus, 
which  are  the  only  planets  visible  from  Saturn. 
To  those  who  dwell  in  its  equatorial  regions, 
the  motion  of  the  rings  around  their  axes  will 
furnish  an  accurate  measure  of  time,  as  well 
as  the  diurnal  rotation  of  the  planet ;  and  to 
all  places  on  its  surface  the  periodical  revolu- 
tions of  its  different  satellites  will  afford  various 
measures,  divisions,  and  subdivisions  of  the 
lapse  of  duration.  The  sun  will  appear  from 
this  planet  of  a  size  about  five  times  the  dia- 
meter which  Jupiter  presents  to  our  view,  or 
about  1-9  or  1-10  part  of  the  diameter  of  the 
sun  as  seen  from  the  earth  ;  but,  notwithstand- 
ing, there  appears  no  deficiency  of  light  on 
the  surface  of  Saturn. 

Let  us,  then,  suppose  two  mighty  arches  in 
Saturn's  nocturnal  sky,  appearing  to  the  in- 
habitants of  one  region  like  broad  semicircles 
of  light  extending  completely  across  the 
heavens,  to  other  regions  like  large  segments 
of  an  arch,  the  highest  point  of  which  elevated 
only  twenty  or  thirty  degrees  above  the  hori- 
zon, and  to  the  places  adjacent  to  the  polar  re- 
gions as  a  zone  of  light  hovering  in  the  horizon  ; 
let  us  suppose  the  distant  stars  twinkling 
through  the  dark  space  which  separates  the 
rings  ;  the  sun  eclipsed  at  noon,  in  one  place, 
by  the  upper  edge  of  the  rings,  and  in  another 
place  by  the  lower ;  the  brightness  of  this  lu 
minary  waxing  dimmer  and  dimmer,  and  in  a 
few  hours  hidden  by  an  invisible  object,  not 
to  appear  again  till  after  a  lapse  of  fourteen 
years ;  and  the  inhabitants  of  this  region  of 
shadows  occasionally  travelling  to  those  conn 
tries  where  the  rings  are  enlightened  and  the 
sun  is  constantly  shining  :  let  us  suppose  one 
moon,  nine  times  as  large  in  apparent  size  as 
ours,  suspended  in  the  canopy  of  heaven ; 
another,  three  times  as  large  as  ours,  in  another 
quarter  of  the  sky  ;  a  third  twice  as  large  ;  a 
fourth  about  the  apparent  size  of  our  moon; 
and  a  fifth,  sixth,  and  seventh  of  different  ap- 
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parent  magnitudes  ;  some  of  them  appearing 
with  a  crescent,  some  with  a  gibbous  phase, 
and  others  with  a  full  enlightened  hemisphere ; 
some  rising,  some  setting ;  one  entering  into 
an  eclipse,  and  another  emerging  from  it ;  let 
us  suppose  such  scenes  as  these,  and  we  may 
acquire  a  general  idea  of  the  phenomena  pre- 
sented in  the  heavens  of  Saturn. 

Scenery  of  the  Heavens  in  Uranus. — The 
orhit  of  this  planet,  so  far  as  we  know,  forms 
the  extreme  boundary  of  the  planetary  system. 
Being  so  far  removed  from  the  centre  of  the 
system,  almost  all  the  other  planets  and  their 
satellites  will  be  invisible  to  a  spectator  placed 
on  this  orb.  The  only  planet  which  will  be 
distinctly  visible  is  Saturn,  which  will  be  seen 
occasionally  as  a  morning  and  an  evening  star, 
and  will  appear  nearly  of  the  same  size  as  to 
us;  but  as  it  will  always  be  seen  in  the  imme- 
diate neighbourhood  of  the  sun,  it  will  only  be 
visible  at  certain  distant  periods,  or  intervals 
of  fifteen  years,  and  will  appear  about  as  near 
to  the  sun  as  Mercury  does  when  viewed  from 
the  earth.  Its  rings  and  satellites  might  oc- 
casionally be  perceived  with  such  instruments 
as  our  best  telescopes  when  it  is  near  the  points 
of  its  greatest  elongation.  It  is  not  probable 
that  Jupiter  will  be  visible  from  this  planet  on 
account  of  its  proximity  to  the  sun.  If  ever 
it  be  visible,  it  will  only  be  for  a  short  time, 
after  periods  of  six  or  eight  years  have  elapsed. 
From  Uranus  it  is  likely  that  the  motions  of 
some  of  the  comets  will  be  seen  to  advantage, 
and  for  a  considerable  length  of  time,  as  the 
motions  of  these  bodies  must  be  comparatively 
slow  in  those  distant  regions.  It  is  not  impro- 
bable that,  in  their  course  from  the  sun,  the 
motions  of  some  of  these  bodies  may  be  fol- 
lowed to  the  extreme  point  of  their  trajectories, 
and  their  courses  traced  in  their  return  to- 
wards the  central  luminary ;  and  that  they 
may  be  visible  in  the  firmament  of  this  planet 
for  months,  and  even  for  years  together.  It  is 
likewise  probable  that,  from  Uranus,  the  pa- 
rallax of  the  nearest  fixed  stars,  and,  conse- 
quently, their  distance,  may  be  ascertained. 
For  the  diameter  of  its  orbit,  which  is  3,600,- 
000,000  of  miles,  will  form  a  pretty  extensive 
base  line  for  this  purpose,  and  will  produce  a 
parallax  nineteen  times  greater  than  that  of 
the  diameter  of  the  earth's  annual  orbit,  which 
is  only  190  millions  of  miles.  But  the  deter- 
mination of  such  a  parallax  would  require  a 
series  of  observations  made  at  intervals  of 
forty -two  years,  namely,  at  two  opposite  points 
of  the  orbit  of  Uranus,  in  moving  between 
which  it  occupies  a  space  of  nearly  forty-two 
years. 

The  most  splendid  and  interesting  scenery 
in  the  firmament  of  this  planet  will  be  pro- 
duced by  the  phases,  eclipses,  revolutions,  and 
various  aspects  of  its  moons.  Six  of  these 


bodies  have  been  discovered  revolving  around 
it,  ana  it  is  not  improbable  that  several  more 
(perhaps  three  or  four)  may  be  connected 
with  this  distant  orb,  the  smallness  of  which, 
and  their  nearness  to  the  planet,  may  for  ever 
prevent  them  from  being  detected  by  our  most 
powerful  instruments.  Let  us  suppose,  then, 
one  satellite  presenting  a  surface  in  the  sky 
eight  or  ten  times  larger  than  our  moon ;  a 
second  five  or  six  times  larger;  a  third  three 
times  larger ;  a  fourth  twice  as  large ;  a  fifth 
about  the  same  size  as  the  moon;  a  sixth 
somewhat  smaller  ;  and,  perhaps,  three  or  four 
others  of  different  apparent  dimensions:  let 
us  suppose  two  or  three  of  these,  of  different 
phases,  moving  along  the  concave  of  the  sky, 
at  one  period  four  or  five  of  them  dispersed 
through  the  heavens;  one  rising  above  the 
horizon,  one  setting,  one  on  the  meridian,  one 
towards  the  north,  and  another  towards  the 
south ;  at  another  period  five  or  six  of  them 
displaying  their  lustre  in  the  form  of  a  half 
moon  or  a  crescent  in  one  quarter  of  the 
heavens,  and  at  another  time  the  whole  of 
these  moons  shining,  with  full  enlightened 
hemispheres,  in  one  glorious  assemblage,  and 
we  shall  have  a  faint  idea  of  the  beauty,  vari- 
ety, and  sublimity  of  the  firmament  of  Uranus. 
What  is  deficient  in  respect  of  the  invisibility 
of  the  other  planets  is  amply  compensated  by 
its  assemblage  of  satellites,  which  illuminate 
and  diversify  its  nocturnal  sky.  Although 
this  planet  is  more  than  seventeen  hundred 
millions  of  miles  nearer  some  of  the  fixed 
stars  than  we  are,  yet  those  luminaries  will 
not  appear  sensibly  larger,  as  seen  from  Ura- 
nus, than  they  do  from  our  globe.  For  even 
this  immense  interval  would  not  subtend  an 
angle  of  nineteen  seconds,  or  the  1-190  part 
of  a  degree,  as  seen  from  the  nearest  star; 
and,  of  course,  all  the  constellations  will  pre- 
sent the  same  figures  and  relative  aspects  as 
they  do  to  us,  with  this  difference  only,  that 
those  stars  which  are  near  our  equator  or 
tropics  may  be  near  the  poles  or  polar  circles 
of  Uranus.  This  depends  entirely  upon  the 
position  of  its  axis  of  rotation,  which  is  to  us 
unknown.  The  sun  will  appear  so  small  from 
this  planet,  that  its  apparent  diameter  will  not 
exceed  2£  times  the  apparent  diameter  of 
Jupiter ;  but  its  light  is  not  so  weak  as  we 
might  be  apt  to  imagine  from  this  circum- 
stance, as  is  evident  from  the  brightness  it 
exhibits  when  viewed  with  a  telescope  in  the 
nighttime,  and  likewise  from  the  well-known 
phenomenon  that  when  the  sun  is  eclipsed  to 
us,  so  as  to  have  only  the  one  fortieth  part  of 
its  disk  left  uncovered  by  the  moon,  the  dimi- 
nution of  light  is  not  very  sensible ;  and  it  has 
been  frequently  noticed  that,  at  the  end  of  the 
darkness  in  total  eclipses,  when  the  sun's 
western  limb  begins  to  be  visible,  and  seems 
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no  bigger  than  a  thread  of  fine  silver  vvir^e,  the 
increase  of  light  is  so  considerable,  and  so 
quickly  illuminates  all  surrounding  objects,  as 
to  strike  the  spectators  with  surprise.  But 
whatever  deficiency  of  light  there  may  be  on 
this  planet,  we  may  rest  assured,  from  a  con- 
sideration of  the  wisdom  and  benevolence  of 
the  Cieator,  that  this  deficiency  is  amply  com- 
pensated, either  by  the  objects  on  which  it 
falls  being  endowed  with  a  strong  reflective 
power,  or  by  the  organs  of  vision  being  adapt- 
ed to  t>he  light  received,  or  by  some  other  con- 
trivances with  which  we  are  unacquainted. 

SCEXEUY  OF  THE  HEAVENS  AS  SEEJf  TBOM  THE 
SATELLITES. 

Celestial  Scenery  of  the  Moon. — Although 
the  moon  is  the  nearest  body  to  the  earth,  and 
its  constant  attendant,  yet  its  celestial  pheno- 
mena will,  in  a  variety  of  respects,  be  very 
different  from  ours.  The  earth  will  appear  to 
be  the  most  splendid  orb  in  its  nocturnal  sky, 
and  its  various  phases  and  relative  positions 
will  form  a  subject  of  interesting  inquiry  and 
contemplation  to  its  inhabitants.  It  will  pre- 
sent the  appearance  of  a  globe  in  the  sky 
thirteen  times  larger  than  the  moon  does  to 
us,  and  will  diffuse  nearly  a  corresponding 
portion  of  light  on  the  mountains  and  vales  on 
the  lunar  surface.  As  the  moon  always  pre- 
sents nearly  the  same  side  to  our  view,  so  the 
earth  will  be  visible  to  only  one  half  of  the 
lunar  inhabitants,  Those  who  live  on  the 
opposite  side  of  the  moon,  which  is  never 
turned  towards  our  globe,  will  never  see  the 
earth  in  the  sky  unless  they  undertake  a  jour- 
ney to  the  opposite  hemisphere  for  this  pur- 
pose ;  and  those  who  dwell  near  the  central 
parts  of  that  hemisphere  which  is  turned  from 
our  globe  will  require  to  travel  more  than 
1500  miles  before  they  can  behold  the  large 
globe  of  the  earth  suspended  in  the  sky.  To 
all  those  to  whom  the  earth  is  visible,  it  will 
appear  fixed  and  immovable  in  the  same 
relative  point  of  the  sky,  or,  at  least,  will  ap- 
pear to  have  no  circular  motion  round  the 
heavens.  To  a  spectator  placed  in  the  middle 
of  the  moon's  visible  hemisphere,  the  earth 
will  appear  directly  in  the  zenith  or  over  head, 
and  will  always  seem  to  be  fixed  very  nearly 
in  that  position.  To  a  spectator  placed  in  any 
part  of  the  extremity  of  that  hemisphere,  or 
what  seems  to  us  to  be  the  margin  of  the  moon, 
the  earth  will  appear  always  nearly  in  the 
horizon ;  and  to  spectators  at  intermediate  po- 
sitions the  earth  will  appear  at  higher  or  lower 
elevations  above  the  horizon,  according  to  their 
distance  from  the  extremities  or  the  central 
parts  of  that  hemisphere.  But,  although  the 
earth  appears  fixed  nearly  in  the  same  part 
of  the  sky,  there  is  a  slight  variation  produced 
by  what  is  termed  the  libration  of  the  moon 
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(see  p.  Ill,)  -by  which  it  appears  to  turn  oc- 
casionally a  small  portion  of  its  hemisphere 
towards  the  earth.  In  consequence  of  this 
libration  the  earth  will  appear  now  and  then 
to  shift  its  position  a  little  by  a  kind  of  vibra- 
tory motion,  so  that  those  at  the  extremities 
of  the  hemisphere,  who  see  the  earth  in  their 
horizon,  will  sometimes  see  it  dip  a  little  be- 
low, and  at  other  times  rise  a  little  above  their 
horizon.  This  vibratory  motion  they  will  pro- 
bably be  disposed,  at  first  view,  to  attribute  to 
the  earth,  which  they  will  naturally  consider 
as  a  body  nearly  at  rest,  but  subject  to  a  vi- 
bratory movement  like  that  of  a  pendulum, 
whereas  this  apparent  vibration  proceeds  from 
the  moon  itself. 

The  earth  is  continually  shifting  its  phases 
as  seen  from  the  moon.  When  it  is  new 
moon  to  us  it  is  full  moon  to  the  lunar  in- 
habitants, as  the  hemisphere  of  the  earth  next 
the  moon  is  then  fully  enlightened ;  so  that,  at 
the  time  when  the  sun  is  absent,  they  enjoy 
the  effulgence  of  a  full  moon  thirteen  times 
larger  than  ours.  When  the  moon  is  in  the 
first  quarter  to  us,  the  earth  is  in  the  third 
quarter  to  them ;  and,  in  every  other  case,  the 
phases  of  the  earth  are  exactly  opposite  to 
those  which  the  moon  presents  to  us  (see  p. 
111.)  The  earth  passes  through  all  the  phases 
of  the  moon  in  the  course  of  a  month  ;  but  the 
progress  of  these  phases  will  be  more  regu- 
larly and  accurately  perceived  than  that  of  the 
moon's  phases  are  by  us.  When  it  is  night 
in  the  moon,  and  the  nights  there  are  a  fort- 
night long,  the  inhabitants  see  at  first  only  a 
small  part  of  the  earth  enlightened,  like  a 
slender  crescent ;  then  a  larger  and  a  larger 
portion,  till  at  length  it  becomes  entirely  lumi- 
nous. During  the  whole  of  these  changes 
the  earth  is  every  moment  visible,  and  appa- 
rently fixed  in  the  same  immovable  position ; 
and  as  there  are  no  clouds  in  the  lunar  atmo- 
sphere, the  view  of  the  earth  and  of  the  varia- 
tion of  its  phases  will  never  be  interrupted ; 
whereas  these  changes  in  the  moon  are  visible 
to  us  only  from  one  night  to  another,  and,  by 
the  interposition  of  clouds,  the  moon  is  fre- 
quently hidden  from  our  view  for  seven  or 
eight  days  together.  By  means  of  the  light 
thus  diffused  by  the  earth  upon  the  moon,  it 
so  happens  that  the  side  of  the  moon  next  the 
earth  is  never  in  darkness ;  for,  when  the  sun 
is  absent,  the  earth  shines  in  the  firmament 
with  a  greater  or  less  degree  of  splendour;  but 
when  the  sun  is  absent  from  the  other  hemi- 
sphere, the  inhabitants  have  no  light  but  what 
is  derived  from  the  stars  and  planets.  It  is 
probable,  however,  that  the  light  of  these  lu- 
minaries is  more  brilliant  as  seen  from  the 
moon  than  from  the  earth,  as  the  lunar  atmo- 
sphere is  more  pure  and  transparent  than  that 
of  the  earth,  and  as  no  clouds  or  dense  vapours 
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exist  in  it  to  intercept  the  rays  of  those  distant 
orbs  ;  and  the  stars  and  planets  will  constantly 
shine  in  the  firmament  of  that  hemisphere  of 
the  moon  with  undiminished  lustre.  Perhaps, 
too,  there  may  be  some  arrangement  for  pro- 
viding additional  light  to  that  hemisphere  in 
the  absence  of  the  sun,  either  by  the  corusca- 
tions of  some  phosphoric  substance,  or  by 
something  analogous  to  our  aurora  borealis. 

Whether  the  earth  will  throw  as  much  light 
upon  the  moon,  in  proportion  to  its  size,  as 
the  moon  diffuses  upon  the  earth,  is  somewhat 
doubtful.  I  am  disposed  to  think  that  the 
greater  part  of  the  surface  of  the  terraqueous 
globe  will  not  reflect  so  much  light,  in  pro- 
portion to  its  bulk,  as  the  general  surface  of 
the  moon  ;  for,  as  the  greater  part  of  the  earth 
is  covered  with  water,  and  as  water  absorbs  a 
considerable  portion  of  the  rays  of  light,  the 
seas  and  ocean  will  present  a  more  dark  and 
eombre  aspect  than  any  part  of  the  lunar  orb 
presents  to  us ;  but  it  is  highly  probable  that 
the  continents  and  islands  will  exhibit  a  lustre 
nearly  equal  to  that  of  the  mountainous  re- 
gions of  the  moon. 

Although  the  earth  will  seem  nearly  fixed 
in  one  position,  yet,  its  rotation  round  its  axis 
will  be  distinctly  perceptible,  and  will  present 
a  variety  of  different  appearances.     Europe, 
Asia,  Africa,  and  America,  will  present  them- 
selves one  after  another  in  different  shapes, 
nearly  as  they  are  represented  on  our  maps 
and  globes ;  and  the  regions  near  our  poles, 
which  we  have  never  yet  had  it  in  our  power 
to  explore,  will  be  distinctly  seen  by  the  luna- 
rians,  who   will    be    enabled    to    determine 
whether  they  chiefly  consist  of  land  or  of 
water.     The  several  continents,  seas,  islands, 
lakes,     peninsulas,     plains,     and     mountain 
ranges,  will  appear  like  so  many  spots,  of 
different    forms    and   degrees   of  brightness, 
moxing  over  its  surface.     When  the  Pacific 
Ocean,  which  occupies  nearly  half  the  globe, 
is  presented  to  view,  the  great  body  of  the 
earth  will  assume  a  dusky  or  sombre  aspect, 
except  towards  the  north,  the  north-east,  and 
north-west;  and  the  islands  connected  with 
this   ocean  will   exhibit   the   appearance  of 
small   lucid   spots  on  a  dark  ground.     But 
when  the  eastern  continent  turns  round  to 
view,  the  earth  (especially  its  northern  parts) 
will  appear  to  shine  with  a  greater  degree  of 
lustre.     These  appearances  will  be  diversified 
by  the  numerous  strata  of  clouds  which  are 
continually  carried  by  the  winds  over  different 
regions,  and  will  occasionally  intercept  their 
view  of  certain  parts  of  the  continents  and 
seas,  or  render  their  appearance  more  obscure 
at  one  time  than  at  another.     It  is  likewise 
probable  that  the  occasional  storms  in  tropical 
climates,  and  the  changes  produced  in  different 
countries  by  summer  and  winter,  will  cause 


the  earth  to  present  a  diversity  of  aspect  to 
the  inhabitants  of  the  moon.  The  bands  of 
ice  which  surround  the  poles  will  alternately 
exhibit  a  kind  of  lucid  circle,  while  the  verdant 
plains  will  appear  of  a  different  colour  and 
assume  a  milder  aspect.  By  means  of  -these 
different  spots,  the  lunarians  will  be  enabled 
to  determine  the  exact  period  of  the  earth's 
rotation,  as  we  determine  that  of  the  sun  by 
the  appearance  and  disappearance  of  the  spots 
on  its  surface.  And  as  the  period  of  the 
earth's  rotation  never  varies,  it  may  serve  as 
a  clock  or  dial  for  the  exact  measure  of  time ; 
and  the  lesser  divisions  of  this  period  may  be 
ascertained  by  the  appearance  on  the  margin 
or  the  central  parts  of  the  earth's  hemisphere 
of  certain  seas,  continents,  o*  large  islands, 
which  will  constantly  appear  on  certain  parts 
of  the  earth's  disk  at  regular  intervals  of  time. 
Through  telescopes  such  as  ours,  the  varie- 
gated aspect  of  the  earth  in  its  diurnal  motion 
would  present  to  us,  were  we  placed  on  the 
moon,  a  novel  and  most  interesting  appear- 
ance. 

The  apparent  diurnal  motions  of  the  sun, 
the  planets,  and  the  stars,  will  appear  much 
slower,  and  somewhat  different  in  several  re- 
spects from  what  they  do  to  us.  When  the 
sun  rises  in  their  eastern  horizon,  his  progress 
through  the  heavens  will  be  so  slow  that  it 
will  require  more  than  seven  of  our  days  be- 
fore he  comes  to  the  meridian,  and  the  same 
time  before  he  descends  to  their  western 
horizon  ;  for  the  days  and  nights  of  the  moon 
are  nearly  fifteen  days  each,  and  they  are 
nearly  of  an  equal  length,  on  all  parts  of  its 
surface,  as  its  axis  is  nearly  perpendicular  to 
the  ecliptic,  and,  consequently,  the  sun  never 
removes  to  any  great  distance  from  the  equator. 
During  the  day  the  earth  will  appear  like  a 
faint  cloudy  orb,  always  in  the  same  position  ; 
and  during  night  the  stars  and  planets  will  be 
visible,  without  interruption,  for  fifteen  days, 
and  will  be  seen  moving  gradually  during 
that  time  from  the  eastern  to  the  western 
horizon.  Though  the  earth  will  always  be 
seen  in  the  same  point  of  the  sky  both  by  day 
and  night,  yet  it  will  appear  to  be  constantly 
shifting  its  position  with  respect  to  the  planets 
and  the  stars,  which  will  appear  to  be  regu- 
larly moving  from  the  east  to  the  west  of  it, 
and  some  of  them  will  occasionally  be  hidden 
or  suffer  an  occultation  for  three  or  four  hours 
behind  its  body.  The  sun,  planets,  and  fixed 
stars  will  appear  exactly  of  the  same  apparent 
magnitudes  as  they  do  from  the  earth ;  but  as 
the  poles  of  the  moon  are  directed  to  points 
of  the  heavens  different  from  those  to  which 
the  poles  of  the  earth  are  directed,  the  pole- 
stars  in  the  lunar  firmament,  and  the  stars 
which  mark  its  equator  and  parallels,  will  all 
be  different  from  ours ;  so  that  the  stars,  in 
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their  apparent  diurnal  revolutions,  will  appear 
to  describe  circles  different  from  those  which 
they  describe  in  our  sky.  The  inferior  planets 
Mercury  and  Venus  will  generally  be  seen  in 
the  neighbourhood  of  the  sun,  as  they  are 
from  the  earth ;  but  they  will  be  more  dis- 
tinctly perceived,  and  be  visible  for  a  much 
longer  period  of  time  after  sunset  than  they 
are  from  our  globe.  This  is  owing,  first,  to 
the  transparency  of  the  lunar  atmosphere, 
and  the  absence  of  dense  vapours  near  the 
horizon,  which,  in  our  case,  prevent  any  dis- 
tinct observations  of  the  celestial  bodies  when 
at  a  low  altitude ;  and,  secondly,  to  the  slow 
apparent  diurnal  motion  of  these  bodies. 
When  Mercury  is  near  its  greatest  elonga- 
tion, it  will  remain  above  the  horizon  more 
than  thirty  hours  after  the  sun  has  set,  and, 
consequently,  will  be  visible  for  a  much  longer 
time  in  succession  than  it  is  to  us.  When 
Venus  is  near  its  greatest  elongation,  it  will 
be  seen,  without  intermission,  either  as  a 
morning  or  an  evening  star,  for  a  space  of 
time  equal  to  more  than  three  of  our  days. 
The  superior  planets,  as  with  us,  will  be  seen 
in  different  parts  of  the  heavens,  and  occa- 
sionally in  opposition  to  the  sun;  but  they 
will  appear  to  be  continually  shifting  their 
positions  with  respect  to  the  earth,  and  in  the 
course  of  fifteen  days  will  be  seen  in  the 
very  opposite  quarter  of  the  heavens,  and  in 
other  fifteen  days  will  be  again  in  conjunction 
with  the  earth ;  and  nearly  the  same  appear- 
ances will  be  observed  in  reference  to  the 
other  planets,  but  the  periodic  times  of  their 
conjunctions  with  the  earth  and  oppositions 
to  it  will  be  somewhat  different,  owing  to  the 
difference  of  their  velocities  in  their  annual 
revolutions. 

The  eclipses  of  the  sun  which  happen  to 
the  lunarians  will  be  more  striking,  and  total 
darkness  will  continue  for  a  much  longer  time 
than  with  us.  When  a  total  eclipse  of  the 
moon  happens  to  us,  there  will  be  a  total 
eclipse  of  the  sun  to  the  lunarians.  At  that 
time  the  dark  side  of  the  earth  is  completely 
turned  towards  the  moon,  and  the  sun  will 
appear  to  pass  gradually  behind  the  earth  till 
it  entirely  disappears.  The  time  of  the  con- 
tinuance of  total  darkness  in  central  eclipses 
will  be  nearly  two  hours;  and,  of  course,  a 
total  eclipse  of  the  sun  will  be  a  far  more 
striking  and  impressive  phenomenon  to  the 
inhabitants  of  the  moon  than  to  us,  A  com- 
plete darkness  will  ensue  immediately  after 
the  body  of  the  sun  is  hidden,  and  the  stars 
and  planets  will  be  as  clearly  seen  as  at  mid- 
night. When  a  partial  eclipse  of  the  moon 
happens  to  us,  all  that  portion  of  the  moon's 
surface  over  which  the  shadow  of  the  earth 
passes  will  suffer  a  total  eclipse  of  the  sun 
during  the  period  of  its  continuance.  On 
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other  parts  of  the  moon's  surface  there  will 
be  a  partial  eclipse  of  the  sun,  and  to  those 
who  are  beyond  the  range  of  the  earth's 
shadow  no  eclipse  will  appear.  When  an 
eclipse  of  the  sun  happens  to  us,  the  lunarians 
will  behold  a  dark  spot,  with  a  penumbra  or 
fainter  shades  around  it,  moving  across  the 
disk  of  the  earth,  which  then  appears  a  full 
enlightened  hemisphere,  excepting  the  ob- 
scurity caused  by  the  progress  of  the  shadow. 
The  inhabitants  on  the  other  hemisphere  of 
the  moon  can  never  experience  a  solar  eclipse, 
as  the  earth  can  never  interpose  between  the 
sun  and  any  part  of  that  hemisphere,  so  that 
they  will  only  know  of  such  phenomena  by 
report,  unless  they  undertake  a  journey  for 
the  purpose  of  observing  them. 

The  study  of  astronomy  in  the  moon  will, 
on  the  whole,  be  more  difficult  and  complex 
than  to  us  on  the  earth.  The  phenomena 
exhibited  by  the  earth  will  be  the  most  diffi- 
cult to  explain.  The  lunarians,  at  first  view, 
will  be  apt  to  imagine  that  the  earth  is  a 
quiescent  body  in  their  firmament,  because  it 
appears  in  the  same  point  of  the  sky,  and  that 
the  other  heavenly  orbs  revolve  around  it.  It 
will  require  numerous  observations  of  the 
apparent  motions  of  the  sun,  the  earth,  the 
planets,  and  the  stars,  and  numerous  trains 
of  reasoning  respecting  the  phenomena  they 
exhibit,  before  they  are  convinced  that  the 
globe  on  which  they  dwell  really. moves  round 
the  earth,  and  that  both  of  them  move,  in  a 
certain  period,  around  the  sun.  If  they  are 
endowed  with  no  higher  powers  than  man,  or 
if  they  are  as  foolish  and  contumacious  as  the 
great  bulk  of  mankind,  it  will  be  more  difficult 
to  convince  them  of  the  true  system  of  the 
world  than  it  has  been  for  our  astronomers  to 
convince  a  certain  portion  of  our  community 
that  the  earth  turns  round  its  axis,  and  per- 
forms a  revolution  round  the  sun.  They  will 
naturally  think,  as  we  did  formerly,  that  their 
habitation  is  in  a  quiescent  state  in  the  centre 
of  the  universe,  and  that  all  the  other  bodies  in 
the  heavens,  except  the  earth,  revolve  around 
it;  and  the  singular  phenomena  which  our 
globe  exhibits  in  their  sky,  with  its  diversified 
aspect,  its  diurnal  rotation,  and  occasional 
vibrations,  will  puzzle  them  not  a  little  in 
attempting  to  find  out  a  proper  explanation 
It  will  be  somewhat  difficult  for  them  to  ascer- 
tain the  exact  length  of  their  year,  or  the  time 
of  their  revolution  round  the  sun.  There  are 
only  two  ways  by  which  we  can  conceive  they 
will  be  enabled  to  determine  this  point :  I. 
By  observing  when  either  of  the  poles  of  the 
earth  begins  to  be  enlightened  and  the  other 
pole  to  disappear,  which  is  always  at  the  timo 
of  our  equinoxes.  2.  By  observing  the  course 
of  the  sun  among  the  stars,  and  endeavouring 
to  ascertain  when  he  returns  to  the  same  rela- 
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nve  position  in  reference  to  any  of  these  orbs. 
The  length  of  the  lunar  year  is  about  the  same 
as  ours,  but  different  as  to  the  number  of  days, 
the  lunarians  having  only  12  7-19  days  in  their 
year,  every  day  and  night  being  as  long  as  29^ 
of  ours.  On  the  other  hand,  the  lunar  astrono- 
mers will  enjoy  some  advantages  in  making 
celestial  observations  which  we  do  not  possess. 
Those  who  live  on  the  side  next  the  earth 
will  be  enabled  to  determine  the  longitude  of 
places  on  the  lunar  surface  with  as  much  ease 
as  we  find  the  latitude  of  places  on  our  globe. 
For  as  the  earth  keeps  constantly  over  one 
meridian  of  the  moon  (or  very  nearly  so,)  the 
east  and  west  distances  of  places  from  that 
meridian  may  be  readily  found,  by  taking  the 
altitude  of  the  earth  above  the  horizon,  or  its 
distance  from  the  zenith,  on  the  same  principle 
as  we  obtain  the  latitude  of  a  place  by  taking 
the  altitude  of  the  pole-star,  or  the  height  of 
the  equator  above  the  horizon.  The  lunar 
astronomers  will  likewise  possess  advantages 
superior  to  ours  in  the  purity  of  their  atmo- 
sphere, and  the  greater  degree  of  brilliancy 
with  which  the  heavenly  bodies  will  appear ; 
and,  in  particular,  they  enjoy  a  singular  ad- 
vantage above  a  terrestrial  astronomer  in  the 
length  of  their  nights,  which  gives  them  an 
opportunity  of  contemplating  the  heavenly 
bodies,  particularly  Mercury  and  Venus,  and 
tracing  their  motions  and  aspects  for  a  length 
of  time  without  intermission. 

Such  are  some  of  the  peculiar  phenomena 
of  the  heavens  as  beheld  from  the  moon. 
However  different  these  phenomena  may  ap- 
pear from  those  which  are  beheld  in  our  ter- 
restrial firmament,  they  are  all  owing  to  the 
following  circumstances :  that  the  moon  moves 
round  the  earth  as  the  more  immediate  centre 
of  its  motion  ;  that  it  turns  always  the  same 
side  to  the  earth,  and,  consequently,  it  moves 
round  its  axis  in  the  same  time  in  which  it 
moves  round  the  earth.  These  slight  differ- 
ences in  the  motions  and  relative  positions  of 
the  earth  and  moon  are  the  principal  causes 
of  all  the  peculiar  aspects  of  the  lunar  firma- 
ment which  we  have  now  described.  And 
this  consideration  shows  us  how  the  Creator 
may,  by  the  slighest  changes  in  the  positions 
and  arrangements  of  the  celestial  orbs,  pro- 
duce an  indefinite  variety  of  scenery  through- 
out the  universe,  so  that  no  world  or  system 
of  worlds  shall  present  the  same  scenery  and 
phenomena  as  another.  And  so  far  as  our 
knowledge  and  observation  extends,  this  ap- 
pears to  be  one  of  the  grand  principles  of  the 
Divine  arrangements  throughout  the  system 
of  Creation,  which  will  be  still  more  apparent 
from  the  sketches  I  am  now  about  to  give  of 
the  phenomena  presented  from  the  surfaces  of 
the  satellites  connected  with  the  other  planets. 

The  Scenery  of  the  Heavens  from  the  Sa- 
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tellites  of  Jupiter. — The  scenery  of  the  firma- 
ment as  beheld  from  the  satellites  of  thi* 
planet  will  bear  a  certain  analogy  to  what  we 
have  now  described  in  relation  to  the  moon, 
but  it  will  be  much  more  diversified  and  re- 
splendent. The  mc^t  striking  and  glorious 
object  in  the  firmament  of  the  first  satellite  is 
the  planet  itself.  The  distance  of  this  satel- 
lite from  the  centre  of  Jupiter  being  only  about 
three  diameters  of  that  body,  it  will  appear  in 
the  heavens  like  an  immense  globe,  above 
thirteen  hundred  times  larger  than  the  appa- 
rent size  of  our  moon,  and  will  occupy  a  con- 
siderable portion  of  the  celestial  hemisphere. 
To  those  who  live  in  the  middle  of  the  hemi- 
sphere of  this  satellite,  opposite  to  Jupiter, 
this  vast  globe  will  appear  in  the  zenith,  filling 
a  large  portion  of  the  sky  directly  above 
them,  equal  to  19  degrees  of  a  great  circle, 
so  that  nine  or  ten  of  such  bodies  would  reach 
from  one  side  of  the  heavens  to  another. 
To  those  in  other  situations  it  will  appear  at 
different  elevations  above  the  horizon,  accoid- 
ing  to  their  distances  from  the  central  parts 
of  that  hemisphere.  This  huge  globe,  in  the 
course  of  twenty-one  hours,  will  exhibit  a 
crescent,  a  half  moon,  a  gibbous  phase,  and  a 
full  enlightened  hemisphere,  so  that  its  appear- 
ance will  be  perpetually  changing.  When  it 
shines  with  a  full  face,  it  will  exhibit  a  most 
glorious  appearance:  it  will  reflect  an  im- 
mense quantity  of  light  upon  the  satellite, 
and  all  the  varieties  on  its  surface  will  be 
beautifully  perceived.  In  the  daytime  it  will 
present  a  cloudy  appearance,  continually 
changing  its  form,  and  when  its  dark  side  is 
turned  to  the  satellite  it  will  probably  become 
invisible ;  but  it  will  never  be  altogether  in- 
visible beyond  two  or  three  hours  at  a  time, 
till  its  enlightened  crescent  again  begins  to  ap- 
pear. We  find  by  the  telescope  that  the  sur- 
face of  Jupiter  is  diversified  with  a  variety  of 
belts,  which  frequently  change  their  appear- 
ance, and  sometimes  by  bright  and  dark  spots. 
Now  all  the  varieties  on  its  surface,  and  the 
changes  which  may  take  place  in  its  atmo- 
sphere, will  be  pretty  distinctly  seen  from  the 
surface  of  this  satellite ;  and  as  Jupiter  turns 
round  its  axis  in  the  space  of  less  than  ten 
hours,  every  hour  will  present  a  new  scene 
upon  its  surface.  This  expansive  and  varie- 
gated surface  of  Jupiter,  its  diurnal  rotation, 
and  its  rapid  change  of  phases,  will  therefore 
form  a  most  wonderful  and  interesting  spec- 
tacle to  the  inhabitants  of  this  satellite. 

The  three  other  satellites  will  likewise  in- 
crease the  variety  and  the  lustre  of  its  firma- 
ment. The  second  satellite,  in  its  course  round 
Jupiter,  will  frequently  come  within  160,000 
miles  of  the  first,  which  is  its  nearest  ap- 
proach to  it ;  at  which  time  the  satellite  will 
appear  with  a  face  nearly  three  times  as  large 
2x2  (497) 
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as  our  moon.  At  other  times  it  will  be  680,- 
000  miles  distant,  and  will  appear  more  than 
sixteen  times  smaller  than  in  the  former  posi- 
tion. At  the  time  when  Jupiter  presents  its 
dark  hemisphere  to  the  first  satellite,  if  the 
second  satellite  be  then  at  its  nearest  distance, 
or  in  opposition  to  the  sun,  it  will  shine  with 
a  full  enlightened  hemisphere  upon  the  first 
satellite.  At  other  times  it  will  assume  a 
half  moon,  a  crescent,  or  a  gibbous  phase  ; 
and  these  phases  will  not  only  be  rapidly 
changing,  but  the  apparent  magnitude  of  the 
satellite  will  likewise  be  rapidly  increasing  or 
diminishing.  While  at  one  period  it  shines 
with  a  large  and  full-enlightened  face,  in  the 
course  of  two  or  three  of  our  days  it  will 
appear  as  a  slender  crescent,  and  more  than 
twelve  or  sixteen  times  less  in  apparent  dia- 
meter than  before.  The  third  and  fourth 
satellites  will  exhibit  phenomena  somewhat 
similar;  but  as  their  distance  is  greater  than 
that  of  the  second,  their  apparent  magnitudes 
will  be  smaller,  and  the  changes  of  their 
phases  will  be  less  frequent,  in  proportion 
to  the  slowness  of  their  motions  and  the 
length  of  the  periods  of  their  revolutions. 
The  eclipses  of  the  sun,  which  so  frequently 
happen  to  the  first  satellite  from  the  inter- 
position of  the  body  of  Jupiter,  will  form 
very  interesting  and  impressive  phenomena. 
Every  forty-two  hours  this  satellite  suffers  a 
solar  eclipse  for  the  space  of  more  than  two 
hours;  and  it  is  highly  probable  that  it  is 
chiefly  at  such  times  that  the  starry  firmament 
appears  in  all  its  splendour,  and  affords  its  in- 
babitants  an  opportunity  of  tracing  the  mo- 
tions and  contemplating  the  phenomena  of 
the  distant  bodies  of  the  universe ;  for  at  other 
times  the  blaze  of  reflected  light  from  the 
body  of  Jupiter  and  from  the  other  satellites 
will,  in  all  probability,  prevent  the  greater 
part  of  the  fixed  stars  from  being  distinctly 
perceived ;  so  that  these  eclipses,  instead  of 
being  an  evil  or  a  cause  of  annoyance  to  the 
inhabitants,  will  increase  their  enjoyment,  will 
add  to  the  variety  of  their  celestial  scenery, 
and  open  to  them  prospects  of  the  grandeur 
of  the  starry  firmament  and  the  distant  re- 
gions of  creation. 

What  has  been  now  stated  in  reference  to 
the  first  satellite  may  also  be  applied  in  gene- 
ral to  the  other  three  satellites,  with  this  dif- 
ference, that  Jupiter  will  appear  of  a  different 
apparent  magnitude  from  each  satellite ;  and 
the  motions,  magnitudes,  and  aspects  of  the 
other  satellites  will  likewise  be  somewhat  dif- 
ferent. In  each  satellite  the  great  globe  of 
Jupiter,  suspended  motionless  in  the  sky,  will 
be  the  most  conspicuous  object  in  the  hea- 
vens. To  the  second  satellite  this  globe  will 
appear  about  470  times  larger  than  our  moon ; 
to  the  third  180  times;  and  to  the  fourth 
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about  80  times  the  apparent  size  of  the  fun 
moon.  But  each  satellite  will  have  certain 
other  phenomena  peculiar  to  itself,  which  it 
would  be  too  tedious  to  describe.  To  all  of 
them  the  occultations  of  the  other  satellites 
by  the  body  of  Jupiter ;  their  eclipses  by  fall- 
ing into  its  shadow ;  the  varieties  on  its 
surface,  caused  by  its  diurnal  rotation ;  the 
shadows  of  the  satellites  passing  like  dark 
spots  across  its  disk ;  the  transits  of  the  satel- 
lites themselves,  like  full  moons  crossing  the 
orb  of  Jupiter  ;  the  diversified  phenomena  of 
eclipses,  some  of  them  happening  when  the 
satellite  is  like  a  crescent  or  half  moon,  and 
some  of  them  when  it  appears  as  a  full  en- 
lightened hemisphere,  and  various  other  cir- 
cumstances, will  afford  an  indefinite  variety 
of  celestial  phenomena  ;  and  scarcely  a  single 
day  will  pass  in  which  some  of  these  pheno- 
mena are  not  observed.  The  length  of  the 
day  is  different  in  each  satellite.  In  the  first 
satellite,  the  length  of  the  day  and  night  is 
42  hours  27  minutes ;  in  the  second,  3  days, 
13  hours ;  in  the  third,  7  days,  3^  hours ;  and 
in  the  fourth,  16  days,  16^  hours.  The  starry 
heavens  will  therefore  appear  to  make  a  revo- 
lution round  each  satellite  in  these  respective 
times.  The  other  satellites  will  also  appear 
to  make  a  diurnal  revolution,  but  in  periods 
of  time  somewhat  different.  The  variety  of 
motions,  and  other  phenomena  to  which  we 
have  now  alluded,  and  particularly  the  rota- 
tion of  Jupiter  and  the  variation  of  its  phases, 
will  afford  various  accurate  measures  of  time 
to  all  the  satellites.  The  following  figure 
contains  a  rude  of  sketch  of  a  portion  of  the 
firmament  as  it  will  appear  from  one  of  the 
satellites  of  Jupiter. 

Fig.  111. 


In  this  figure,  suppose  the  larger  circle  at 
the  top  to  represent  one  of  the  satellites  as 
seen  in  the  firmament  of  the  fourth  satellite, 
and  suppose  it  appears  with  a  surface  twice 
the  size  of  our  moon ;  Jupiter  would  require 
to  be  double  the  size  here  represented,  and 
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more  than  fifteen  times  larger  to  represent  its 
comparative  size  as  viewed  from  the  first  satel- 
lite. The  larger  circle  represents  Jupiter  when 
exhibiting  a  gibbous  phase  to  the  satellite  ;  the 
three  other  figures  are  the  other  satellites  under 
different  phases. 

Celestial  Scenery  of  the  Satellites  of  Sa- 
turn.— What  has  been  stated  above  in  relation 
to  Jupiter's  satellites  will  apply,  in  part,  to 
those  of  Saturn.  But  the  satellites  of  this 
planet  have  likewise  celestial  scenery  peculiar 
to  themselves,  and  the  scenes  presented  to  one 
satellite  are,  in  some  respects,  different  from 
those  presented  to  all  the  rest.  One  of  the 
most  singular  phenomena  in  their  firmament 
is  the  diversified  appearance  of  the  body  of 
Saturn  and  that  of  its  rings,  which  will  be 
beheld  in  their  sky  under  a  great  variety  of 
aspects.  To  describe  all  the  variety  of  phe- 
nomena peculiar  to  each  satellite  connected 
with  Saturn  would  almost  require  a  separate 
treatise,  and  therefore  I  shall  state  only  two 
or  three  prominent  facts  in  relation  to  \hefirst 
and  seventh,  or  the  innermost  and  outermost 
satellites.  The  first  satellite,  being  only  80,000 
miles  distant  from  the  surface  of  Saturn,  and 
only  18,000  miles  from  the  outer  edge  of  the 
rings,  the  globe  of  Saturn  and  its  stupendous 
rings  must  present  a  very  august  and  striking 
appearance  in  its  nocturnal  firmament.  The 
hemisphere  of  Saturn  contains  an  area  more 
than  1300  times  larger  than  that  of  our  moon; 
consequently,  if  the  first  satellite  were  placed 
at  the  same  distance  from  Saturn  as  our  moon, 
the  surface  of  that  planet  would  appear,  from 
the  satellite,  1300  times  larger  than  the  moon 
does  to  us.  But  the  satellite  is  only  120,000 
miles  from  the  centre  of  Saturn,  or  half  the 
distance  of  the  moon  from  the  centre  of  the 
earth  ;  therefore  Saturn  will  appear  four  times 
larger,  or  5200  times  greater,  as  seen  from 
this  satellite,  than  the  moon  when  viewed  from 
the  earth.  The  moon  occupies  only  the  1-90,- 
000  part  of  our  celestial  hemisphere,  but  the 
globe  of  Saturn  will  fill  the  one  seventeenth 
part  of  the  visible  firmament  of  its  first  satel- 
lite ;  and  if  we  take  the  extent  of  the  rings 
into  account,  they  will  occupy  a  space  two  or 
three  times  greater ;  so  that  the  planet  and  its 
rings  will  present  a  most  grand  and  magnifi- 
cent object  in  the  canopy  of  heaven,  of  which 
we  can  form  only  a  very  faint  conception.  It 
is  not  likely  that  more  than  one  half  of  the 
globe  of  Saturn  will  be  visible  from  this  satel- 
lite on  account  of  the  interposition  of  the  rings ; 
and  as  it  moves  in  an  orbit  which  is  nearly 
parallel  with  the  plane  of  the  rings,  the  sur- 
faces of  these  rings  will  be  seen  in  a  very 
oblique  direction  ;  but  still  they  will  exhibit  a 
very  resplendent  appearance.  When  the  edge 
of  the  exterior  ring  is  opposite  to  the  satellite, 
and  enlightened  by  the  sun,  it  will  present  a 


large  arch  of  light  in  the  heavens  on  each  side 
of  the  planet,  above  which  will  appear  half 
the  hemisphere  of  Saturn.  If  the  satellite  turn 
round  its  axis  in  the  same  time  in  which  it 
revolves  round  the  planet,  as  is  probable, 
Saturn  and  its  rings  will  appear  stationary  in 
the  heavens,  and  the  planet  will  present  to 
the  inhabitants  of  the  satellite  a  variety  of 
phases,  such  as  a  half  moon  and  a  crescent, 
besides  the  variety  of  objects  which  will  ap- 
pear on  the  surface  of  Saturn  during  its  rota- 
tion on  its  axis.  The  rings  will  likewise 
appear  to  vary  their  aspect  during  every  revo- 
lution, besides  the  variety  of  objects  they  will 
present  during  their  rotation.  At  one  time 
they  will  exhibit  large  and  broad  luminous 
arches;  at  another  time  they  will  appear  as 
narrow  streaks  of  light ;  and  at  another  they 
will  appear  like  dark  belts  across  the  disk  of 
Saturn.  And  as  this  satellite  moves  round 
the  planet  in  the  course  of  twenty-two  and  a 
half  hours,  these  appearances  will  be  changing 
almost  every  hour.  The  appearances  of  the 
six  other  satellites,  continually  varying  their 
phases,  their  apparent  magnitudes,  and  their 
relative  aspects ;  their  positions  in  respect  to 
the  body  of  Saturn  and  its  rings ;  their  occul- 
tations  by  the  interposition  both  of  the  rings 
and  the  planet,  and  the  eclipses  to  which  they 
are  frequently  subjected,  will  produce  a  diver- 
sity of  phenomena  and  a  grandeur  unexam- 
pled in  the  case  of  any  other  moving  bodies  in 
our  system.  The  second  satellite,  when  in 
opposition,  or  at  its  nearest  position  to  the 
first,  will  be  only  thirty  thousand  miles  dis- 
tant; and  although  its  real  size  is  not  greater 
than  our  moon,  it  will  present  a  surface  sixty- 
four  times  larger  than  the  full  moon  does  in 
our  sky.  It  will  appear  in  all  the  phases  of 
the  moon  in  the  course  of  less  than  thirty-six 
hours,  and  will  be  continually  changing  its 
apparent  magnitude,  on  account  of  its  re- 
moving further  from  or  nearer  to  the  first 
satellite.  The  third  satellite*  will  appear 
nearly  half  as  large,  as  it  is  only  severity  thou- 
sand miles  distant  at  its  nearest  approach  ;  and 
will  present  nearly  the  same  varieties  as  the 
other.  All  the  other  satellites  will  appear 
smaller  in  proportion  to  their  distance  from 
the  orbit  of  the  first ;  but  they  will  all  appear 
much  larger  than  our  moon,  except  the  seventh, 
or  outermost  satellite,  which  will  appear  con- 
siderably smaller.  Perhaps  the  sixth  satellite 
from  Saturn  will  not  appear  larger  than  our 
moon. 

The  seventh  or  outermost  satellite,  which 
is  reckoned  among  the  largest,  will  have  a 
scenery  in  its  sky  somewhat  different  from 
that  of  the  first.  As  its  orbit  is  materially 
inclined  to  the  rings,  its  inhabitants  will  have 

*  Here  the  satellites  are  distinguished  according 
lo  the  order  of  their  distances  from  Saturn. 
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a  more  ample  prospect  of  these  rings  and  of 
the  body  of  Saturn  than  several  of  the  other 
satellites,  although  these  objects  are  beheld  at 
a  greater  distance,  and,  consequently,  will  not 
fill  so  large  a  portion  of  its  sky.  Their  ap- 
pearance, however,  will  not  be  destitute  of 
splendour  ;  for  this  satellite  is  400  times  nearer 
Saturn  than  we  are,  and  the  body  of  this 
planet  will  appear  sixteen  times  larger  than 
the  moon  to  us,  and  its  rings  will  occupy  a 
space  proportionably  more  expansive.  The 
phases  of  Saturn  and  its  rings,  and  the  various 
changes  of  aspect  which  they  assume,  will  be 
more  distinctly  perceptible,  though  on  a  smaller 
scale,  than  from  some  of  the  interior  satellites ; 
for  the  whole  body  of  the  planet,  as  well  as 
the  rings,  will  in  mo?t  cases  appear  full  in 
view.  The  other  six  satellites  will  be  seen  in 
all  the  different  phases  and  aspects  above  de- 
scribed, and  they  will  never  appear  to  recede 
to  any  great  distance  from  the  body  of  Saturn ; 
but  will  appear  first  on  one  side  and  then  on 
another,  and  sometimes  either  above  or  below 
the  planet,  as  Mercury  and  Venus  appear  to 
us  in  respect  to  the  sun,  and,  consequently, 
that  portion  of  the  heavens  in  which  Saturn 
appears  will  present  a  most  splendid  appear- 
ance. In  this  respect  the  relative  positions 
of  the  satellites,  as  seen  from  the  outermost, 
will  be  different  from  their  aspects  and  posi- 
tions as  viewed  from  the  innermost  satellite, 
where  they  will  sometimes  appear  in  regions 
of  the  sky  directly  opposite  to  Saturn.  All 
the  other  satellites  of  this  planet  will  have 
phenomena  peculiar  to  themselves  in  their 
respective  firmaments,  and  in  all  of  them 
these  phenomena  will  be  exhibited  on  a  scale 
of  grandeur  arid  magnificende.  But  to  enter 
into  details  in  reference  to  each  satellite  might 
prove  tedious  to  the  general  reader. 

Let  us,  then,  conceive  a  firmament  in  which 
is  suspended  a  globe  five  thousand  times  larger 
than  the  apparent  size  of  our  moon ;  let  us 
conceive  luminous  arches,  still  more  expan- 
sive, surrounding  this  globe ;  let  us  conceive 
six  moons  of  different  apparent  magnitudes, 
some  of  them  sixty  times  larger  in  apparent 
size  than  ours ;  let  us  conceive,  further,  all 
these  magnificent  bodies  sometimes  appearing 
in  one  part  of  the  heavens  and  sometimes  in 
another,  changing  their  phases  and  apparent 
magnitudes  and  distances  from  each  other 
every  hour ;  appearing  sometimes  like  a  large 
crescent,  sometimes  like  a  small,  sometimes 
shining  with  a  full  enlightened  face,  and 
sometimes  suffering  a  total  eclipse  ;  sometimes 
hidden  behind  the  large  body  of  the  planet, 
and  sometimes  crossing  its  disk  with  a  rapid 
motion,  like  a  circular  shadow ;  let  us  suppose 
these  and  many  other  diversified  phenomena 
presenting  themselves  with  unceasing  variety 
in  the  canopy  of  heaven,  and  we  shall  have 
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some  faint  idea  of  the  grandeur  of  the  firma* 
ment  as  seen  from  some  of  the  satellites  of 
Saturn. 

No  delineations,  except  on  a  very  large 
scale,  could  convey  any  tolerable  idea  of  the 
objects  now  described.  Fig.  112  exhibits  a 

Fig.  112. 


rude  idea  of  the  firmament  as  viewed  from  the 
first  or  second  satellite  of  Saturn  ;  but  the  body 
of  Saturn  and  the  ring  should  be  eight  or  ten 
times  larger  in  proportion  to  the  size  of  the 
moons  or  satellites  here  represented.  As  the 
orbits  of  the  inner  satellites  are  nearly  on  the 
same  plane  as  the  rings,  they  will  appear  in 
an  oblique  position,  and  it  is  questionable 
whether  the  division  between  the  rings  will 
be  distinctly  visible.  The  opposite  part  of  the 
ring,  or  that  which  is  most  distant  from  the 
satellite,  will  appear  smaller  than  the  side 
which  is  nearest  it;  and  only  one  half  of  the 
body  of  Saturn  will  be  seen,  the  other  half 
being  hidden,  either  in  whole  or  in  part,  by 
the  ring. 

Fig.  113  represents  the  firmament  of  the 
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seventh  or  outermost  satellite.  As  its  orbit  is 
considerably  inclined  to  the  plane  of  the  ring, 
the  whole  body  of  the  planet  will  frequently 
be  seen  within  the  rings,  which  will  appear  as 
ovals  around  it.  The  six  other  satellites  will 
appear  in  the  vicinity  of  Saturn  and  its  rings, 
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none  of  them  ever  removing  to  any  considera- 
ble distance  from  the  edge  of  the  rings,  and 
some  of  them  may  occasionally  be  seen  moving 
in  the  open  space  between  the  planet  and  the 
rings.  In  this  figure  Saturn  and  the  rings 
should  be  considerably  larger  in  proportion  to 
the  moons  than  they  are  here  represented. 

Celestial  Scenery  as  viewed  from  the  RISTGS 
of  Saturn. — Supposing  the  rings  to  be  in- 
habited, which  there  is  as  much  reason  to  be- 
lieve that  the  planet  itself  is  a  habitable  globe, 
it  is  probable  that  there  is  a  greater  diversity 
of  celestial  scenery  and  of  sublime  objects  pre- 
sented to  view  than  any  we  have  yet  described. 
There  will  be  at  least  six  varieties  of  celestial 
scenery,  according  as  the  spectator  is  placed 
on  different  parts  of  the  rings.  One  variety  of 
scene  will  be  exhibited  from  the  exterior  edge 
of  the  outer  ring ;  a  second  variety  from  the 
interior  edge  of  the  inner  ring ;  a  third  variety 
from  the  interior  edge  of  the  outer  ring ;  a 
fourth  from  the  exterior  edge  of  the  inner  ring ; 
a  fifth  from  the  sides  of  the  rings  enlightened 
by  the  sun ;  and  a  sixth  variety  from  the  op- 
posite sides,  which  are  turned  away  from  the 
sun,  and  enjoy,  for  a  time,  only  the  reflected 
light  from  the  satellites.  To  describe  all  these 
varieties  in  a  minute  detail  would  be  tedious, 
and  at  the  same  time  unsatisfactory,  without 
the  aid  of  diagrams  and  figures  on  a  very  en- 
larged scale,  and  therefore  I  shall  chiefly  con- 
fine myself  to  a  general  description  of  one  of 
these  celestial  views. 

Those  who  live  on  the  sides  of  the  rings 
will  behold  the  one  half  of  the  hemisphere  of 
Saturn,  which  will  fill,  perhaps,  the  one  fifth 
or  the  one  sixth  part  of  their  celestial  hemi- 
sphere, while  the  other  portions  of  the  planet 
will  be  hidden  by  the  interposition  of  the  rings. 
Those  who  are  near  the  inner  edge  of  the  in- 
terior ring  are  only  thirty  thousand  miles  from 
the  surface  of  Saturn,  and  consequently  all  the 
varieties  upon  its  surface  will  be  distinctly  per- 
ceived. Those  near  the  outer  edge  of  the  ex- 
terior ring  are  about  sixty  thousand  miles  dis- 
tant from  the  planet,  which  will  consequently 
appear  to  them  four  times  less  in  size  than  to 
the  former ;  but  being  only  eighteen  thousand 
miles  from  the  first  satellite  at  the  time  of  its 
opposition  to  Saturn,  that  satellite  will  present 
an  object  more  than  three  hundred  and  fifty 
times  larger  than  our  moon,  which  will  rapidly 
assume  different  phases,  and  will  be  continu- 
ally varying  in  its  apparent  magnitude ;  and 
at  its  greatest  distance  beyond  the  opposite 
side  of  the  rings  it  will  appear  at  least  170 
times  less  than  when  in  the  nearest  point  of 
its  orbit ;  and  all  the  intermediate  varieties  of 
magnitude  and  aspect  will  be  accomplished 
within  less  than  two  days.  So  that  this  satel- 
lite will  be  continually  changing  its  apparent 
size,  from  an  object  two  or  three  times  the  ap- 


parent bulk  of  our  moon  to  one  350  times 
greater.  The  same  may  be  affirmed  in  re- 
spect to  the  other  six  satellites,  with  this  ex- 
ception, that  they  will  appear  of  a  smaller 
magnitude,  and  the  periodic  times  of  their 
phases  and  the  changes  in  apparent  magnitude 
will  be  different. 

Another  object  which  will  diversify  the 
firmament  of  those  who  are  on  one  of  the 
sides  of  the  rings  is  the  opposite  portions  of 
the  rings  themselves.  These  will  appear  pro- 
ceeding from  each  side  of  the  planet  like  large 
broad  arches  of  light,  each  of  them  somewhat 
less  than  a  quadrant,  and  will  fill  a  very  large 
portion  of  the  sky,  so  that  the  inhabitants  of 
the  same  world  will  behold  a  portion  of  their 
own  habitation  forming  a  conspicuous  part  of 
their  celestial  canopy,  and,  at  first  view,  may 
imagine  that  it  forms  a  celestial  object  with 
which  they  have  no  immediate  connexion. 
Were  they  to  travel  to  the  opposite  part  of 
the  ring,  they  would  see  the  habitation  they 
had  left  suspended  in  the  firmament,  without 
being  aware  that  the  spot  which  they  left 
forms  a  portion  of  the  phenomenon  they  be- 
hold. As  the  rings  revolve  round  the  planet, 
and  the  planet  revolves  round  its  axis,  the  dif- 
ferent parts  of  the  surface  of  the  planet  will 
present  a  different  aspect,  and  its  variety  of 
scenery  will  successively  be  presented  to  Ihe 
view.  The  eclipses  of  the  sun  and  of  the  satel- 
lites, by  the  interposition  of  the  body  of  Saturn 
and  of  the  opposite  sides  of  the  rings,  will 
produce  a  variety  of  striking  phenomena, 
which  will  be  diversified  almost  every  hour. 

From  the  dark  side  of  the  rings,  which  are 
turned  away  from  the  sun  for  fifteen  years,  a 
great  variety  of  interesting  phenomena  will 
likewise  be  presented ;  and,  during  this  period, 
the  aspect  of  the  firmament  will  in  all  proba- 
bility be  most  vivid  and  striking.  This  por- 
tion of  the  rings  will  not,  be  in  absolute 
darkness  during  the  absence  of  the  sun,  for 
some  of  the  seven  satellites  \vill  always  be 
shining  upon  it ;  sometimes  three,  sometimes 
four,  and  sometimes  all  the  seven,  in  one 
bright  assemblage.  It  is  probable,  too,  that 
the  planet,  like  a  large  slender  crescent,  will 
occasionally  diffuse  a  mild  splendour ;  and,  in 
the  occasional  absence  of  these,  the  fixed 
stars  will  display  their  radiance  in  the  hea- 
vens, which  will  be  the  principal  opportunity 
afforded  for  studying  and  contemplating  these 
remote  luminaries.  Those  who  are  on  the 
outermost  ring  will  behold  the  other  ring,  and 
the  opposite  parts  of  their  own,  like  vast 
arches  in  the  heavens;  and  although  only 
2800  miles  intervene  between  the  two  rings, 
that  space  may  be  as  impassable  as  is  the 
space  which  intervenes  between  us  and  the 
moon. 

If  the  two  rings   have  a  rotation  round 
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Saturn  in  different  periods  of  time,  as  is  most 
probable,  it  will  add  a  considerable  variety  to 
the  scenery  exhibited  by  the  different  objects 
which  will  successively  appear  in  the  course 
of  the  rotation. 

The  numerous  splendid  objects  displayed  in 
the  heavens,  as  seen  from  these  rings,  would 
afford  a  grand  and  diversified  field  for  tele- 
scopic observations,  surpassing  in  variety  and 
sublimity  whatever  is  displayed  in  any  other 

Fig.  114. 


region  of  the  solar  system  ;  by  which  some  of 
the  objects  might  be  contemplated  as  if  they 
were  placed  within  the  distance  of  forty  or 
fifty  miles. 

The  preceding  figure  (114)  represents  a 
view  of  the  firmament  from  one  of  the  sides 
of  the  rings,  in  which  is  seen  half  of  the 
hemisphere  of  Saturn,  with  a  portion  of  the 
opposite  sides  of  the  rings  projecting,  as  it 
were,  from  each  side  of  the  planet,  the  central 
part  being  hidden  by  the  interposition  of  its 
body.  From  the  inner  edge  of  the  interior 
ring  the  whole  hemisphere  of  Saturn  will  be 
visible.  The  body  of  Saturn  and  the  rings 
should  be  at  least  twenty  times  larger  than 
here  represented,  so  as  to  be  proportionate  to 
the  apparent  size  of  the  satellites. 

Celestial  Scenery  from  the  Satellites  of 
Uranus. — After  what  we  have  stated  respect- 
ing the  satellites  of  Jupiter,  it  would  be  need- 
less to  enter  into  detail  respecting  the  celestial 
views  from  the  satellites  of  this  planet,  as  they 
will  bear  a  striking  analogy  to  those  of  the 
TDOons  of  Jupiter ;  but  the  firmament  of  each 
satellite  of  Uranus  will  be  more  diversified  than 
that  of  any  of  the  satellites  of  Jupiter,  as  there 
are  six  satellites  connected  with  this  planet, 
and  probably  three  or  four  more  which  lie 
beyond  the  reach  of  our  telescopes.  From  its 
first  satellite  the  body  of  Uranus  will  appear 
nearly  three  hundred  times  larger  than  the 
apparent  size  of  the  moon  in  our  sky,  and, 
consequently,  will  appear  a  very  grand  and 
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magnificent  object  in  its  firmament,  while  the 
other  five  moons,  in  different  phases  and  posi- 
tions, will  serve  both  to  illuminate  its  surface, 
and  to  diversify  the  scenery  of  the  heavens. 
To  the  second  satellite  Uranus  will  appear 
about  one  hundred  and  eighty  times  larger 
than  the  moon  to  us ;  and  to  the  other  satel- 
lites it  will  present  a  smaller  surface  in  pro- 
portion to  their  distance.  Each  satellite  will 
have  its  own  peculiarity  of  celestial  pheno- 
mena ;  but  after  what  we  have  already  stated 
in  the  preceding  descriptions,  it  would  be  in- 
expedient to  enter  into  details.  I  shall  there- 
fore conclude  these  descriptions  with  the  fol- 
lowing remarks : 

1.  In  the  preceding  descriptions,  the  appa- 
rent magnitudes  of  Jupiter,  Saturn,  and 
Uranus,  as  seen  from  the  satellites,  and  the 
apparent  magnitudes  of  the  satellites  as  seen 
from  each  other,  are  only  approximations  to 
the  truth,  so  as  to  convey  a  general  idea  of  the 
scenes  displayed  in  their  respective  firma- 
ments ;  perfect  accuracy  being  of  no  import- 
ance in  such  descriptions.  2.  The  variety  of 
celestial  phenomena  in  the  firmaments  of  these 
bodies  is  much  greater  than  we  have  de- 
scribed. Were  we  to  enter  into  minute  de- 
tails in  relation  to  such  phenomena,  it  would 
require  a  volume  of  considerable  size  to  con- 
tain the  descriptions;  for  in  the  system  ot 
Saturn  itself  there  is  more  variety  of  phe- 
nomena than  in  all  the  other  parts  of  the 
planetary  system.  3.  Machinery  would  be 
requisite  in  order  to  convey  clear  ideas  of 
some  of  the  views  alluded  to  in  the  preceding 
descriptions,  particularly  in  relation  to  the 
rings  and  satellites  of  Saturn,  in  which  the 
proportional  distances  and  magnitudes  of  the 
respective  bodies  would  require  to  be  accu- 
rately represented.  An  instrument  of  con- 
siderable size  and  complication  of  machinery 
would  be  requisite  for  exhibiting  all  the  phe- 
nomena connected  with  Saturn  ;  and  one  of 
the  principal  difficulties  would  be  to  produce 
a  diurnal  rotation  of  the  rings  round  Saturn, 
while  at  the  same  time  they  had  no  immediate 
connexion  with  it,  and  while  their  thickness 
was  no  greater  in  proportion  to  their  breadth 
than  what  is  found  in  nature,  which  is  only 
about  the  one  three  hundredth  part  of  the 
breadth  of  the  two  rings,  including  the  empty 
space  between  them.  4.  The  diversity  of 
celesti*1  ocenery  to  which  we  have  alluded  is 
an  evidence  of  the  infinite  variety  which  ex- 
ists throughout  the  universe,  and  shows  us  by 
what  apparently  simple  means  this  variety  is 
produced.  We  are  thus  led  to  conclude,  that 
among  all  the  systems  and  worlds  dispersed 
throughout  boundless  space,  there  is  no  one 
department  of  creation  exactly  resembling 
another.  This  is  likewise  exemplified  in  the 
boundless  variety  exhibited  in  our  world,  in 
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the  animal,  vegetable,  and  mineral  kingdoms. 
5.  The  alternations  of  light  and  darkness,  and 
the  frequent  eclipses  of  the  celestial  lumina- 
ries which  happen  among  the  bodies  connected 
with  Jupiter,  Saturn,  and  Uranus,  so  far  from 
being  inconveniences  and  evils,  may  be  con- 
sidered as  blessings  and  enjoyments ;  for  it  is 
only  or  chiefly  when  their  inhabitants  are  de- 
prived of  the  direct  light  of  the  sun,  or  its  re- 
flection from  the  satellites,  that  the  starry 
heavens  will  appear  in  all  their  glory  ;  and  as 
the  interval  in  which  they  are  thus  deprived 
of  light  is  short,  and  as  it  adds  to  the  variety 
of  the  celestial  scene,  it  must  be  productive  of 
pleasure  and  enjoyment.  6.  The  same  pla- 
nets will  be  seen  in  the  firmaments  of  the 
satellites  as  in  those  of  their  primaries;  but 
they  will  be  seldom  visible  on  account  of  the 
large  portion  of  reflected  light  which  will  be 
diffused  throughout  their  sky,  except  in  those 
cases  when  their  nocturnal  luminaries  suffer 
an  occultation  or  a  total  eclipse.  The  bodies 
more  immediately  connected  with  their  own 
system  will  form  the  chief  objects  of  their  at- 


tention and  contemplation,  and  will  appear 
more  interesting  and  magnificent  than  any 
phenomena  connected  with  more  distant 
worlds.  7.  On  all  the  satellites,  and  particu- 
larly on  the  rings  of  Saturn,  it  will  be  more 
difficult  to  ascertain  the  true  system  of  the 
universe  than  in  any  other  point  of  the  solar 
system.  I  have  already  alluded  to  the  diffi- 
culty of  determining  the  true  system  of  the 
world  as  observed  from  the  moon ;  but  it  will 
be  still  more  difficult  in  the  case  of  observers 
placed  on  the  rings  or  satellites  of  Saturn. 
The  numerous  bodies  which  are  seen  every 
hour  shifting  their  aspects  and  positions,  the 
apparent  complication  of  motions  which  they 
will  exhibit,  their  phases,  eclipses,  and  rapid 
diminution  of  apparent  size,  combined  wuh 
the  apparent  diurnal  revolution  of  the  heavens 
and  of  all  the  bodies  in  their  firmament,  will 
require  numerous  and  accurate  observations, 
and  powers  of  intellect  superior  to  those  of 
man,  in  order  to  determine  with  precision 
their  place  in  the  solar  system  and  the  true 
theory  of  the  universe. 


CHAPTER  IX. 

On  the  Doctrine  of  a  plurality  of  Worlds,  with  an  Illustration  of  some  of  the 
Arguments  by  which  it  muy  be  supported. 


IN  the  preceding  descriptions  of  the  facts 
connected  with  the  bodies  which  compose  the 
planetary  system,  and  of  the  celestial  scenery 
displayed  in  their  respective  firmaments,  I 
have  assumed  the  position  that  they  are  all 
peopled  with  intellectual  beings.  This  is  a 
conclusion  to  which  the  mind  is  almost  neces- 
sarily led,  when  once  it  admits  the  facts  which 
have  been  ascertained  by  modern  astronomers. 
It  requires,  however,  a  minute  knowledge  of 
the  whole  scenery  and  circumstances  con- 
nected with  the  planetary  system  before  this 
truth  comes  home  to  the  understanding  with 
full  conviction.  As  in  the  preceding  pages  I 
have  stated,  with  some  degree  of  n  inuteness, 
the  prominent  facts  connected  with  all  the 
bodies  of  the  solar  system  (except  comets,) 
so  far  as  they  are  yet  known,  the  way  is  now 
prepared  for  bringing  forward  a  few  arguments 
founded  on  these  facts,  which  will  require  less 
extensive  illustrations  than  if  I  had  attempted 
to  discuss  this  topic  without  the  previous  de- 
scriptions. It  may  be  proper,  however,  to 
state,  that  in  this  volume  I  propose  to  bring 
forward  only  a  few  of  those  arguments  or  con- 
siderations by  which  the  position  announced 
above  may  be  corroborated  and  supported, 
leaving  the  discussion  of  the  remaining  argu- 
ments to  another  volume,  in  which  the  other 
portions  of  the  scenery  of  the  heavens  will  be 


described.  This  is  rendered  almost  indispen- 
sable on  account  of  the  size  to  which  the 
present  volume  has  already  swelled. 


SECTION  I. 

The  first  argument  I  shall  adduce  in  sup- 
port of  the  doctrine  of  a  plurality  of  worlds  is, 
that  there  are  bodies  in  the  planetary  system 
of  such  MAGNITUDES  as  to  afford  ample  scope 
for  the  abodes  of  myriads  of  inhabitants. 

This  position  has  been  amplv  illustrated  in 
the  preceding  parts  of  this  volume,  particu- 
larly in  chapter  iii.  From  the  statements 
contained  in  chapter  vi.,  it  appears  that  the 
whole  planetary  bodies,  exclusive  of  the  sun, 
comprehend  an  area  of  more  than  seventy- 
eight  thousand  millions  of  square  miles, 
which  is  three  hundred  and  ninety-seven 
times  the  area  of  our  globe ;  so  that  the  sur- 
faces of  all  the  planets  and  their  satellites  are 
equal,  in  point  of  space,  to  397  worlds  such 
as  ours.  But  as  the  greater  part  of  our  globe 
is  covered  with  water,  and,  consequently,  is 
unfit  for  the  permanent  residence  of  rational 
beings,  and  as  we  have  no  reason  to  believe 
that  the  other  planets  have  such  a  proportion 
of  water  on  their  surface,  if  we  compare  the 
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habitable  parts  of  the  earth  with  the  extent 
of  surface  on  the  planets,  we  shall  find  that 
they  contain  one  thousand  Jive  hundred  and 
ninety-five  times  the  area  of  all  that  portion 
of  our  globe  which  can  be  inhabited  by  human 
beings.  If  we  take  into  consideration  the 
solid  contents  of  these  globes,  we  find  that 
they  are  more  than  two  thousand  four  hun- 
dred and  eighty  times  the  bulk  of  our  globe ; 
and  the  number  of  inhabitants  they  would 
contain,  at  the  rate  of  England's  population, 
is  no  less  than  21,895,000,000,000,  or  nearly 
twenty-two  billions,  which  is  more  than 
twenty-seven  thousand  times  the  present  po- 
pulation of  our  globe.  In  other  words,  the 
extent  of  surface  on  all  the  planets,  their  rings 
and  satellites,  in  respect  of  space  for  popula- 
tion, is  equivalent  to  27,000  worlds  such  as 
ours  in  its  present  state. 

Now,  can  we  for  a  moment  imagine  that 
the  vast  extent  of  surface  on  such  magnificent 
globes  is  a  scene  of  barrenness  and  desolation  ; 
where  eternal  silence  and  solitude  have  pre- 
vailed, and  will  for  ever  prevail;  where  no 
sound  is  heard  throughout  all  their  expansive 
regions ;  where  nothing  appears  but  intermi- 
nable desarts,  diversified  with  frightful  preci- 
pices and  gloomy  caverns  ;  where  no  vegetable 
or  mineral  beauties  adorn  the  landscape  ;  where 
no  trace  of  rational  intelligences  is  to  be  found 
ihroughotit  all  their  wastes  and  wilds;  and 
where  no  thanksgivings,  nor  melody,  nor  grate- 
ful adorations  ascend  to  the  Ruler  of  the  skies  ? 
To  suppose  that  such  is  the  state  of  these  ca- 
pacious globes  would  exhibit  a  most  gloomy 
and  distorted  view  of  the  character  and  attri- 
butes of  the  Creator.  It  would  represent  him 
as  exerting  his  creating  power  to  no  purpose  ; 
and  as  acting  in  a  different,  and  even  in  an 
opposite  character,  in  different  parts  of  his 
dominions  ;  as  displaying  wisdom  in  one  part 
of  his  creation,  and  an  opposite  attribute  in 
another.  For,  so  far  as  we  are  able  to  pene- 
trate, it  appears  demonstrable  that  matter  exists 
chiefly,  if  not  solely,  for  the  sake  of  sensitive 
and  intellectual  beings ;  either  to  serve  the 
purpose  of  gratifying  the  senses,  or  of  afford- 
ing a  medium  of  thought  to  the  mental  faculty, 
or  of  exhibiting  to  the  mind  a  sensible  display 
of  the  existence  and  perfections  of  the  supreme 
Intelligence.  And  if  it  serve  such  purposes 
in  this  part  of  the  creation  which  we  occupy, 
reason  says  that  it  must  serve  similar  purposes 
in  other  regions  of  the  universe.  How  incon- 
gruous would  it  be  to  maintain  that  matter 
serves  such  purposes  in  our  terrestrial  sphere, 
and  nowhere  else  throughout  the  range  of  the 
planetary  system  1  In  other  words,  that  it  is 
useful  to  sensitive  existences  within  the  com- 
pass of  the  one  four  hundredth  part  of  that 
system,  but  serves  no  useful  or  rational  pur- 
pose in  the  other  three  hundred  and  ninety- 
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nine  parts ;  for  the  area  of  the  earth,  as  above 
stated,  is  only  about  the  one  four  hundredth 
part  of  the  area  of  all  the  other  planets.  Such 
a  conclusion  can  never  be  admitted  in  consis- 
tency with  those  perfections  which  both  natu- 
ral and  revealed  religion  attribute  to  the  Deity. 
If  matter  was  not  created  merely  for  itself,  but 
for  the  enjoyment,  of  a  superior  nature,  then 
it  necessarily  follows,  that  wherever  matter 
exists,  that  nobler  nature,  whether  sensitive 
or  intellectual,  for  whose  sake  it  was  created, 
must  likewise  exist  throughout  some  portions 
of  its  extent.  To  replenish  one  comparatively 
little  globe  with  sensitive  and  rational  inhabit- 
ants, and  to  leave  several  hundreds  empty, 
desolate,  and  useless,  is  the  perfect  reverse  of 
art  and  contrivance,  and  altogether  incompati- 
ble with  the  conceptions  we  ought  to  form  of 
Him  who  is  "  the  only  wise  God,"  and  who 
is  declared  to  have  displayed  himself,  in  all 
his  operations,  as  "wonderful  in  counsel  and 
excellent  in  working." 

In  accordance  with  this  sentiment,  we  find 
the  inspired  writers,  when  speaking  in  the 
name  of  Jehovah,  admitting  the  validity  of 
such  reasoning.  "Thus  saith  Jehovah  that 
created  the  heavens ;  God  himself  that  formed 
the  earth  and  made  it :  he  hath  established  it ; 

HE  CHEATED  IT  NOT  IN  VAIN  ;  HE  FORMED 

IT  TO  BE  INHABITED.  I  am  Jehovah,  and 
there  is  none  else."*  Here  it  is  plainly  and 
pointedly  declared,  that  to  create  the  earth 
without  the  design  of  its  being  inhabited  would 
have  been  a  piece  of  folly  inconsistent  with 
the  perfections  of  Him  whose  intelligence  and 
wisdom  are  displayed  throughout  all  his  works. 
To  have  left  it  empty  and  useless  would  have 
been  "  to  create  it  in  vain."  It  would  neither 
have  contributed  to  the  enjoyment  of  intellec- 
tual beings,  nor  served  as  a  manifestation  of 
the  intelligence,  wisdom,  and  beneficence  of 
its  Creator.  This  passage  likewise  intimates 
that  it  is  the  ultimate  design  of  Jehovah  tha 
this  world  shall,  ere  long,  be  fully  peopled 
with  inhabitants,  and  that  its  forests  and  deso- 
late wastes  shall,  in  future  ages,  be  transformed 
into  scenes  of  beauty  and  fertility,  fitted  for 
being  the  abodes  of  renovated  moral  agents  at 
that  period  when  "  the  knowledge  of  the  Lord 
shall  cover  the  earth  ;"  and  this  extension  of 
population  and  of  cultivation  is  evidently  going 
forward  with  rapid  progress  at  the  present 
time  in  different  quarters  of  the  globe.  In 
connexion  with  this  declaration  respecting  the 
earth,  it  is  also  declared,  that  the  same  Al- 
mighty Being  that  arranged  the  earth  for  the 
purpose  of  replenishing  it  with  inhabitants, 
likewise  "created  the  heavens,-"  plainly  inti- 
mating, that  as  both  the  fabrics  were  erected 
by  the  same  all-wise  and  omnipotent  intelli- 
gence, the  same  wisdom  is  displayed  in  both, 
*  Isaiah  xlv.  19. 
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and  that  the  same  grand  and  beneficent  designs 
are  accomplished  in  the  globes  which  roll  in 
the  heavens  as  well  as  in  the  constitution  of 
the  earth  in  which  we  dwell.  If  the  one  was 
created  for  use,  for  the  enjoyment  of  rational 
natures,  and  as  a  theatre  on  which  the  Divine 
perfection  might  be  displayed,  so  was  the 
other.  It  is  added,  "  I  am  Jehovah,  and  there 
is  none  else ;"  implying  that  there,  is  a  unify 
of  principle,  design,  -and  operation,  in  all  his 
plans  and  arrangements  throughout  the  uni- 
verse, however  different  in  the  means  cm- 
ployed,  and  however  varied  the  effects  pro- 
duced in  different  parts  of  his  dominions. 

Some,  however,  may  be  disposed  to  insinu- 
ate that  the  Deity  may  have  designs  in  view, 
in  the  creation  of  matter,  of  which  we  are 
altogether  ignorant,  and  that  the  planets  and 
other  bodies  in  the  heavens  may  display  the 
Divine  glory  in  some  way  or  another,  although 
they  be  not  peopled  with  inhabitants.  It  is 
readily  admitted  that  we  are  ignorant  of  many 
of  the  purposes  of  the  Deity,  of  the  details  of 
his  operations  in  the  distant  regions  of  crea- 
tion, and  of  many  of  the  plans  and  movements 
of  his  moral  government ;  and  that,  through 
an  eternal  lapse  of  ages,  we  shall  always  re- 
main in  ignorance  of  some  of  the  works  and 
ways  of  the  Almighty.  But  there  are  certain 
general  principles  and  views  with  which  the 
Deity  evidently  intends  that  all  his  rational 
creatures  should  be  acquainted.  It  was  evi- 
dently intended  that  the  visible  creation  should 
adumbrate,  as  it  were,  the  character  of  him 
who  produced  it ;  or  that  it  should  serve  as  a 
mirror,  in  which  his  existence  and  some  of  his 
perfections  might  be  clearly  perceived.  But  if 
the  grcaf  globes  of  the  universe  were  destitute 
of  inhabitants,  how  could  the  Divine  glory  be 
discovered  in  their  structure  1  How  could  a 
confused  mass  of  rubbish  and  desolation,  how- 
ever vast  aud  extensive,  display  the  intelli- 
gence, the  wisdom,  and  the  benevolence  of  its 
Maker  1  It  might  indicate  a  power  surpassing 
our  comprehension,  but  it  would  display  no 
other  perfection  which  tends  to  excite  the 
admiration,  the  love,  and  the  adoration  of 
rational  beings.  Yet  we  are  informed  in  the 
scriptures  that  celestial  intelligences  celebrate 
the  perfections  of  Jehovah,  "  because  he  hath 
created  all  things,"  and  because  they  perceive 
"his  works"  to  be  "GUKAT  AKD  MAHYEL- 
rous."  They  ascribe  to  him  "  wisdom,  and 
glory,  and  honour,  and  power,  and  thanks- 
giving," from  the  display  of  his  character 
which  they  perceive  in  his  works.  But  how- 
could  they  ascribe  to  him  such  perfections,  if 
the  mightiest  of  his  works  were  a  scene  of 
barrenness  and  desolation  ]  Wisdom  can  be 
attributed  only  where  there  appears  to  be  a 
proportionating  of  means  to  ends  ,•  and  good- 
ness can  have  no  place  where  there  are  no 
64 


sensitive  or  rational  beings  to  enjoy  the  effects 
of  it.  It  is,  therefore,  a  mere  evasion  to  assert 
that  the  Divine  glory  may  be  manifested  in 
the  celestial  globes,  although  destitute  of  in- 
habitants. Every  part  of  the  character  of  God, 
by  wl)ich  he  is  rendered  amiable  and  adorable 
in  the  eyes  of  his  intelligent  offspring,  would 
be  obscured  and  distorted  were  we  for  a  mo- 
ment to  harbour  such  a  sentiment.  For 
wherein  does  the  Divine  glory  consist  ]  It 
chiefly  consists  in  the  display  of  infinite  wis- 
dom, rectitude,  holiness,  and  unbounded  bene- 
ficence ;  and  where  such  attributes  are  not 
manifested  there  cannot  be  said  to  be  a  display 
of  Divine  glory.  But  such  attributes  could 
never  be  traced  by  man,  or  by  any  other  order 
of  intelligences,  were  the  planetary  bodies  and 
the  other  orbs  of  heaven  a  scene  of  eternal 
silence,  solitude,  and  waste;  where  no  per- 
cipient being  existed  to  taste  the  goodness  or 
to  adore  the  pr  rfections  of  its  Creator. 


II. 


Argument  II.  There  is  a  GENERAL  SIMI- 
LARITY among  all  the  bodies  of  the  Planetary 
System,  which  tends  to  prove  that  they  are  in- 
tended to  subserve  the  same  ultimate  designs 
in  the  arrangements  of  the  Creator. 

In  the  elucidation  of  this  argument  it  will 
be  requisite  that  a  variety  of  facts,  some  of 
which  have  been  noticed  in  the  preceding  t 
pages,  should  be  brought  under  review.  We 
are  not  to  imagine  that  the  planets,  considered 
as  habitable  worlds,  are  arranged  exactly  ac- 
cording to  the  model  of  our  terrestrial  habita- 
tion ;  for  the  Creator  has  introduced  an  infinite 
variety  in  every  department  of  his  works  ;  ar»d 
we  know  from  observation  that  there  are  cer- 
tain arrangements  connected  with  those  bodies 
which  are  very  different  from  those  which  are 
found  in  connexion  with  our  globe.  But  i»< 
all  worlds  destined  for  the  habitation  of  intel- 
lectual nature  we  should  expect  to  find  some 
general  analogy  or  resemblance  in  their  pro- 
minent features,  and  in  those  things  which 
appear  essential  to  the  enjoyment  of  such 
beings.  Were  we  to  attend  the  dissection  of 
any  animal  —  a  dog,  for  example  —  and  per- 
ceive the  heart,  the  stomach,  the  liver,  the 
lungs,  the  veins,  arteries,  and  other  parts 
essential  to  life  and  enjoyment,  we  could 
scarcely  doubt  that  the  same  organs,  though 
perhaps  somewhat  modified,  were  likewise  to 
be  found  in  a  cat,  a  bullock,  or  any  other 
quadruped,  and  that  they  served  the  same  pur- 
poses in  all  these  animals.  In  like  manner, 
when  we  find  on  our  globe  certain  parts  and 
arrangements  essentially  requisite  to  its  being  ,. 
a  habitable  world,  and  when  we  likewise 
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observe  similar  contrivances  connected  with 
other  distant  globes,  we  have  every  reason  to 
conclude  that  they  are  intended  to  subserve 
similar  designs.  In  accordance  with  this  prin- 
ciple, I  shall  now  proceed  to  detail  a  few 
contrivances  and  arrangements  in  the  other 
planets,  which  evidently  indicate  that  their 
grand  and  ultimate  design  is  to  afford  enjoy- 
ment to  sensitive  and  intellectual  natures. 

1.  All  the  planets,  both  primary  and 
secondary,  are  of  a  spherical  or  spheroidal 
figure  similar  to  that  of  the  earth.  I  have 
already  shown  (p.  132)  that  this  figure  is  the 
most  capacious  and  the  best  adapted  to  mo- 
tion, both  annual  and  diurnal,  and  that  the 
greatest  inconveniences  would  be  produced 
were  any  world  constructed  of  an  angular 
figure.  The  only  deviation  from  this  figure 
is  to  be  found  in  the  rings  of  Saturn.  But 
these  rings  are  not  angular  bodies;  for  even 
the  thin  exterior  edge  of  the  rings  is  supposed, 
from  some  minute  observations,  to  be  curved ; 
and,  if  so,  it  prevents  the  inconveniences  which 
would  arise  from  an  angular  construction.  The 
flat  sides  of  the  rings,  too,  appear  to  have  no 
angular  elevations  or  protuberances  more  than 
what  may  be  supposed  from  a  gently-waving 
surface  such  as  that  of  our  globe ;  and  although 
they  are  not  globular  bodies,  they  are  circular, 
with  thin  edges,  and  are  thus  calculated  for 
rapid  motion  along  with  the  planet ;  and  the 
flat  sides,  having  no  angular  projections, 
appear  perfectly  adapted  for  being  places  of 
habitation,  without  any  of  those  inconve- 
niences or  catastrophes  which  might  ensue 
had  they  approximated  to  a  cubical,  pris- 
matic, or  pentagonal  form.  The  rings,  in 
short,  approximate  nearer  to  the  globular 
figure  and  its  conveniences  than  any  other 
construction  could  have  done,  and  show  us 
that,  although  the  Creator  proceeds  in  his 
operations  on  some  grand  general  principles, 
yet  he  is  not  limited  or  confined  to  one  par- 
ticular figure  or  construction  in  arranging  the 
celestial  worlds.  The  planets,  then,  being  all 
of  a  globular  or  circular  form,  appear  com- 
pletely adapted  for  being  the  abodes  of  living 
beings. 

2.  The  planets  are  solid  bodies  similar  to 
the  earth.  They  are  not  merely  a  congeries 
of  clouds  and  vapours  formed  into  a  globular 
shape,  but  possessed  of  weight,  solidity,  or 
gravity.  This  is  evident  from  the  dark  and 
well-defined  shadows  which  they  throw  on 
other  bodies,  and  from  the  attractive  influence 
they  exert  throughout  the  system.  Their 
figure  is  a  proof  that  they  possess  such 
qualities;  for  their  roundness  proceeds  from 
an  equal  pressure  of  all  their  parts  tending 
towards  the  same  centre.  Nay,  astronomers, 
by  the  aid  of  observation  and  mathematical 
calculations,  can  tell  what  are  the  relative 
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gravities  or  weights  of  the  different  planets . 
what  proportion,  for  instance,  the  gravitation 
in  Jupiter  or  Saturn  bears  to  that  of  our  earth, 
and  what  influence  their  attractive  power  pro- 
duces on  their  own  satellites,  on  the  motion 
of  comets,  and  on  the  smaller  and  inferior 
planets.  In  consequence  of  this  solidity  and 
attractive  power,  all  things  connected  with 
their  surfaces  are  preserved  in  security  and 
prevented  from  flying  off  .to  the  distant  regions 
of  space ;  for  it  is  this  power,  variously  modi- 
fied and  directed,  that  preserves  the  material 
universe,  and  all  the  orders  of  beings  connected 
with  it,  in  compact  order  and  harmony,  with- 
out the  influence  of  which  all  things  in  heaven 
and  earth  would  soon  be  reduced  to  a  universal 
chaos.  In  this  respect,  then,  as  well  as  in  the 
former,  the  planets  are  fitted  for  the  support 
of  intellectual  beings,  furnished  with  material 
organs. 

3.  All  the  planets  have  an  annual  revolu- 
tion round  the  sun.     This  revolution,  in  the 
case  of  the  earth,  combined  with  the  inclina- 
tion of  its  axis  to  the  plane  of  its  orbit,  pro- 
duces the  variety  of  seasons ;  and  although  we 
are  not  to  suppose  that  all  the  planets  have 
seasons  similar  to  ours,  or  that  the  heats  of 
summer  and  the  cold  of  winter  are  experienced 
in  other  worlds  (see  pp.  55,  56,)  yet  there  is 
a  certain  variety  of  scene  produced  by  this 
revolution  in  all  the  planets,  particularly  in 
those  which  have  their  axes  of  rotation  in- 
clined more  or  less  to  the  plane  of  their  orbits. 
This  variety  of  scene  will  be  particularly  ex- 
perienced on  Saturn  and  on  the  surface  of  its 
rings;  for  in  the  course  of  one  half  of  the 
annual  revolution  the  sun  will  shine  on  cer- 
tain parts  of  these   bodies,  and  during  the 
other  half  they  will  be  deprived  of  his  direct 
influence.     The    annual    revolutions   of  the 
planets,  therefore,  appear  expedient,  in  order 
to    produce    an    agreeable    interchange    and 
variety  of  scene,  for  the  purpose  of  gratifying 
their  inhabitants.     The  periods  of  these  revo- 
lutions, too,  are  adjusted  with  the  utmost  ex- 
actness.    The  planets  perform  their  circuits 
without  deviating  in  the  least  from  the  paths 
prescribed,  and  finish  their  revolutions  exactly 
in  the  appointed  time,  so  as  not  to  vary  the 
space  of  a  minute  in  the  course  of  centuries. 
Now,   were   these   bodies    merely   extensive 
regions  of  uncultivated  desarts,  or  were  they 
placed  in  the  vault  of  heaven  merely  that  a 
few  terrestrial  astronomers  might  peep  at  them 
occasionally  through  their  glasses,  it  is  not  at 
all   likely  that  so  much   care  arid  accuracy 
would  have  been  displayed  in  marking  out 
their  orbits  and  adjusting  their  motions  and 
revolutions. 

4.  The  planets  perform  a  diurnal  rotation 
round  their  axes.     This  has  been  ascertained 
in  reference   to  Venus,   Mars,   Jupiter,   and 
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Saturn,  and  we  may  justly  conclude,  from 
analogy,  that  the  same  is  the  case  in  respect 
to  all  the  other  planets.  Wherever  spots 
liave  been  discovered  on  the  surface  of  any 
planet,  it  has  uniformly  been  found  to  have  a 
diurnal  rotation.  But  where  no  spots  or  pro- 
minences have  been  observed,  it  is  obvious 
that  no  such  motion,  though  it  really  exist, 
can  be  detected.  No  spots  have  been  observed 
on  the  planet  Mercury,  on  account  of  its  small- 
ness  and  its  proximity  to  the  sun  ;  nor  on  the 
planet  Uranus,  on  account  of  its  very  great 
distance  from  the  earth  ;  but  there  can  be  no 
doubt  whatever  that  they  have  a  diurnal  mo- 
tion as  well  as  the  other  planets.  By  this 
motion  every  part  of  their  surface  is  turned 
in  succession  towards  the  sun,  and  the  alter- 
nate changes  of  day  and  night  are  produced. 
Were  no  such  motion  existing,  one  half  of 
these  globes  would  be  entirely  uninhabitable, 
for  the  enlivening  rays  of  the  sun  would  never 
cheer  its  desolate  legions,  and  the  other  half 
might  be  dazzled  or  parched  with  heat  under 
the  perpetual  effulgence  of  the  solar  beams. 
Besides,  the  continuance  of  a  perpetual  day, 
and  the  illumination  of  the  sky  by  an  unin- 
terrupted efflux  of  solar  light,  would  prevent 
the  distant  regions  of  creation  from  being  seen 
and  contemplated,  so  that  no  body,  except  the 
sun  himself,  and  the  planet  on  which  the 
spectator  stood,  would  be  known  to  exist  in 
the  universe.  But  it  appears  to  have  been 
the  intention  of  the  Creator  not  only  to  cheer 
the  planets  by  the  invigorating  influence  of 
the  sun,  but  likewise  to  open  to  the  view  of 
their  inhabitants  a  prospect  into  the  regions 
of  distant  worlds,  that  they  may  behold  a  dis- 
play of  his  wisdom  and  omnipotence,  and  of 
the  magnificence  of  his  empire ;  and  this 
object  has  been  completely  effected  in  every 
part  of  the  system  by  impressing  upon  the 
planets  a  motion  of  rotation,  so  that  there  is 
no  body  within  the  range  of  the  solar  influ- 
ence that  does  not,  at  one  period  or  another, 
enjoy  this  advantage. 

The  idea  of  night  among  the  celestial  bodies 
ought  not  to  be  associated  with  gloom,  and 
darkness,  and  deprivation  of  comforts.  In  our 
world  this  is  frequently  the  case.  A  cloudy 
atmosphere,  combined  with  the  fury  of  raging 
winds,  hurricanes,  and  the  appalling  thunder- 
storm, frequently  renders  our  nights  a  scene 
of  gloom  and  terror,  especially  to  the  benighted 
traveller  and  the  mariner  in  the  midst  of  the 
ocean.  But  such  gloomy  and  terrific  scenes 
would  never  have  taken  place  had  our  globe 
and  its  inhabitants  remained  in  that  state  of 
order  and  perfection  in  which  they  were  origi- 
nally created ;  and,  therefore,  we  are  to  con- 
sider such  physical  evils  as  connected  with 
the  moral  state  of  the  present  inhabitants  of 
the  earth.  But  even  here,  amid  the  gloom 


and  darkness  which  frequently  surround  us, 
night  not  unfrequently  opens  to  view  a  scene 
of  incomparable  splendour  and  magnificence ; 
a  scene  which,  were  it  confined  to  one  quarter 
of  the  globe,  millions  of  spectators  would  be 
eager  to  travel  thousands  of  miles  in  order  to 
behold  it.  In  a  clear  and  serene  sky,  night 
unfolds  to  us  the  firmament  bespangled  with 
thousands  of  stars,  twinkling  from  regions 
immensely  distant,  and  the  planets  revolving 
in  their  different  circuits,  all  apparently  moving 
around  us  in  silent  grandeur.  When  the  moon 
appears  amid  the  host  of  stars,  the  scene  is 
diversified  and  enlivened.  Poets  and  philoso- 
phers in  all  ages  have  been  charmed  and  cap- 
tivated with  the  mild  radiance  of  a  moonlight 
scene,  which  partly  unveils  even  the  distant 
landscape,  and  throws  a  soft  lustre  and  so- 
lemnity both  on  earth  and  sky  altogether 
different  from  their  aspect  under  the  meridian 
sun.  But  we  have  already  shown  (chapter 
viii.)  that  the  splendour  of  the  heavens  during 
night  in  some  of  the  other  planets  is  far  more 
magnificent  and  diversified  than  what  is  ex- 
hibited in  our  firmament.  The  nocturnal 
scenes  in  the  heavens  of  Jupiter,  Saturn, 
Uranus,  and  their  rings  and  satellites,  in  point 
of  sublimity  and  variety,  exceed  every  con- 
ception we  can  now  form  of  celestial  grandeur 
and  magnificence ;  and,  therefore,  it  is  highly 
probable,  that  in  those  regions  the  scenes  of 
night  will  be  far  more  interesting  and  sublime, 
and  will  afford  objects  of  contemplation  more 
attractive  and  gratifying  than  all  the  splen- 
dours of  their  noonday.  In  this  rotation  of 
the  planetary  orbs  there  is  a  striking  display 
both  of  wisdom  and  goodness,  in  causing  a 
means  so  apparently  simple  to  be  productive 
of  so  rich  a  variety  of  sublime  and  beneficent 
effects ;  and  this  circumstance  of  itself  affords 
a  strong  presumptive  evidence  that  every 
globe  in  the  universe  which  has  such  a  rota- 
tion is  either  a  world  peopled  with  inhabit- 
ants, or  connected  with  a  system  of  habitable 
worlds ;  for,  without  such  a  motion,  the  one 
half  at  least,  of  every  globe  would  be  unfit  for 
the  residence  of  organized  intelligences.  It  is 
not  improbable  that  most,  if  not  all  the  globes 
of  the  universe  have  a  diurnal  rotation  im- 
pressed upon  them.  We  find  that  even  the 
globe  of  the  sun  has  a  motion  of  this  kind, 
which  it  performs  in  the  course  of  twenty-five 
days;  and  the  phenomena  of  variable  stars 
have  induced  some  astronomers  to  conclude 
that  their  alternate  increase  and  diminution  of 
lustre  is  owing  to  a  motion  of  rotation  around 
their  axes. 

5.  All  the  planets  and  their  satellites  are 
opaque  bodies,  which  derive  their  lustre  from 
the  sun.  That  Venus  and  Mercury  are  opaque 
globes,  which  have  no  light  in  themselves,  is 
evident  from  their  appearing  sometimes  with 
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a  gibbous  phase,  and  at  other  times  like  a 
crescent  or  a  half  moon  ;  and  particularly  from 
their  having  been  seen  moving  across  the  disk 
of  the  sun  like  round  black  spots.  Mars  being 
a  superior  planet,  can  never  appear  like  a 
crescent  or  a  half  moon ;  but  at  the  time  of 
its  quadrature  with  the  sun  it  assumes  a  gib- 
bous phase,  somewhat  approaching  to  that  of 
a  half  moon,  which  likewise  prove  that  it  is 
an  opaque  globe.  Jupiter  and  Saturn  must 
always  appear  round,  on  account  of  their  great 
distance  from  the  earth;  but  that  Jupiter  is 
opaque  appears  from  the  dark  shadows  of  his 
satellites  moving  across  his  disk  when  they 
interpose  between  him  and  the  sun ;  and  that 
Saturn  is  likewise  a  dark  body  of  itself  ap- 
pears from  the  shadow  of  the  rings  upon  its 
disk.  That  the  moon  is  an  opaque  body  has 
been  already  shown  (p.  112,)  and  it  is  obvious 
to  almost  every  observer ;  and  that  the  satel- 
lites of  Jupiter  and  Saturn  are  opaque  appears 
from  their  eclipses,  and  the  shadows  they 
project  on  their  respective  planets.  In  this 
respect  both  the  primary  and  the  secondary 
planets  are  bodies  analogous  to  the  earth, 
which  is  likewise  opaque,  and  derives  its  light 
either  directly  from  the  sun  or  by  reflection 
from  the  moon,  except  the  feeble  rays  which 
proceed  from  the  stars.  It  forms,  therefore,  a 
presumptive  argument  that  all  these  bodies 
have  a  similar  destination  ;  for  we  cannot 
conceive  any  other  globe  so  well  fitted  for  the 
habitation  of  rational  beings  as  that  which 
is  illuminated  by  light  proceeding  from  another 
body.  An  inherent  splendour  on  the  surface 
of  any  globe  would  dazzle  the  eyes  with  its 
brilliancy,  and  could  never  produce  such  a 
beautiful  diversity  of  form,  shade,  and  colour- 
ing as  appears  on  the  landscapes  of  the  earth, 
by  means  of  the  reflections  of  the  solar  rays. 
And,  therefore,  if  the  sun  be  inhabited,  it  can 
only  be  its  dark  central  nucleus,  and  not  the 
exterior  surface  of  its  luminous  atmosphere. 

6.  The  bodies  belonging  to  the  planetary 
system  are  all  connected  together  by  one  com- 
mon principle  or  law,  namely,  the  law  of 
gravitation.  They  are  all  subject  to  the  at- 
tractive influence  of  the  great  central  lumi- 
nary ;  they  revolve  around  it  in  conformity  to 
the  general  law,  that  the  squares  of  their  peri- 
odical times  are  proportional  to  the  cubes  of 
their  distances ;  they  describe  equal  areas  in 
equal  times ;  their  orbits  are  elliptical ;  they 
aro  acted  upon  by  centripetal  and  centrifugal 
forces;  and  they  all  produce  an  attractive 
influence  on  each  other,  in  proportion  to  their 
distances  and  the  quantity  of  matter  they  con- 
tain. Being  thus  assimilated  and  combined 
into  one  harmonious  system,  the  presumption 
is,  that,  however  different  in  point  of  distance, 
magnitude,  and  density,  they  are  all  intended 
to  accomplish  the  same  grand  and  beneficent 
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design,  namely,  to  serve  as  the  abodes  of  living 
beings,  and  to  promote  the  enjoyment  of  in- 
tellectual natures. 

Since  the  planets,  then,  are  all  similar  to 
one  another  in  their  spherical  or  spheroidal 
figures ;  in  their  being  solid  and  opaque  globes ; 
in  their  annual  and  diurnal  revolutions ;  and 
in  being  acted  upon  by  the  same  laws  of  mo- 
tion; and  since  these  circumstances  are  all 
requisite  to  the  comfort  and  enjoyment  of 
living  beings,  it  is  a  natural  and  reasonable 
conclusion  that  their  ultimate  destination  is 
the  same,  and  that  they  are  all  replenished 
with  inhabitants.  This  earth  on  which  we 
dwell  is  one  of  the  bodies  possessed  of  the 
qualities  and  arrangements  to  which  we  al- 
lude ;  and  we  know  that  its  chief  and  ultimate 
design  is  to  support  a  multitude  of  sensitive 
and  intellectual  beings,  and  to  afford  them 
both  physical  and  mental  enjoyment.  Had 
not  this  been  its  principal  destination,  we  are 
assured,  on  the  authority  of  Divine  revelation, 
that  " it  would  have  been  created  in  vain" 
We  must  therefore  conclude  that  all  the  other 
globes  in  our  system  were  destined  to  a  simi- 
lar end,  unless  we  can  suppose  it  to  be  con- 
sistent with  the  perfections  of  Deity  that  they 
were  created  for  no  purpose. 


SECTION  III. 

Argument  III.  In  the  bodies  which  con- 
stitute the  solar  system,  there  are  SPECIAL 
AIUIAITGEMENTS  which  indicate  their  ADAP- 
TATION to  the  enjoyments  o/  sensitive  and 
intelligent  beings,-  and  which  prove  that 
this  was  the  ultimate  design  of  their  creation. 

This  argument  is  somewhat  similar  to  the 
former ;  but  it  may  be  considered  separately, 
in  order  to  prevent  an  accumulation  of  too 
many  particulars  under  one  head. 

1.  The  surfaces  of  the  planes  are.  diversi- 
fied with  hills  and  valleys,  and  a  variety  of 
mountain  scenery.  This  is  particularly  ob- 
servable in  the  moon,  whose  surface  is  diver- 
sified with  an  immense  variety  of  elevations 
and  depressions,  though  in  a  form  and  ar- 
rangement very  different  from  ours  (see  pp. 
113-1 16.)  It  cannot  be  ascertained  by  direct 
observation  that  there  are  mountains  on  the 
surfaces  of  Jupiter,  Saturn,  or  Uranus,  by 
reason  of  their  great  distances  from  the  earth. 
But  that  they  are  rough  or  uneven  globes 
appears  from  their  reflecting  the  light  to  us 
from  every  part  of  their  surfaces,  and  from  the 
spots  and  differences  of  shade  and  colour 
which  are  sometimes  distinguishable  on  their 
disks.  For  if  the  surfaces  of  the  planets  were 
perfectly  smooth  and  polished,  they  could  not 
reflect  the  light  in  every  direction  ;  the  re 
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fleeted  image  of  the  sun  would  be  too  small  to 
strike  our  eyes,  and  they  would  consequently 
be  invisible.  (See  p.  112.)  Indications  of 
mountains,  however,  have  been  seen  on  some 
of  the  other  planets,  particularly  on  Venus. 
Spots  have  been  observed  on  this  planet  on 
different  occasions,  and  the  boundary  between 
its  dark  and  enlightened  hemisphere  has  ap- 
peared jagged  or  uneven,  a  clear  proof  that 
its  surface  is  diversified  with  mountains  and 
vales.  One  of  these  mountains  was  calculated 
by  Schroeter  to  be  nearly  eleven,  and  another 
twenty-two  miles  in  perpendicular  elevation  ; 
and  there  can  be  but  little  doubt  that  such 
inequalities  are  to  be  found  on  the  surfaces 
of  all  the  planets  and  their  satellites,  although 
they  are  not  distinctly  visible  to  us  on  account 
of  their  distance. 

The  existence  of  mountains  on  the  planets 
is  therefore  a  proof,  or,  at  least,  a  strong  pre- 
sumptive evidence,  that  they  are  habitable 
worlds ;  for  a  perfectly  smooth  globe  could  pre- 
sent no  great  variety  of  objects  or  picturesque 
scenery,  such  as  we  behold  in  our  world,  and 
would  doubtless  be  attended  with  many  in- 
conveniences. The  view  from  any  point  of 
such  a  globe  would  be  dull  and  monotonous, 
like  the  expanse  of  the  ocean,  or  like  the 
desarts  of  Zahara  or  Arabia.  It  is  the  beau- 
tiful variety  of  hills  and  dales,  mountains  and 
plains,  and  their  diversity  of  shadows  and 
aspects,  that  render  the  landscapes  of  the  earth 
interesting  and  delightful  to  the  painter,  the 
poet,  the  man  of  taste,  and  the  traveller.  Who 
would  ever  desire  to  visit  distant  countries,  or 
even  distant  worlds,  if  they  consisted  merely 
of  level  plains,  without  any  variety,  of  several 
thousands  of  miles  in  extent]  The  moun- 
tains add  both  to  the  sublimity  and  the  beauty 
of  the  surface  of  our  globe  ;  and  from  the  sum- 
mits of  lofty  ranges  the  most  enchanting  pros- 
pects are  frequently  enjoyed  of  the  rivers  and 
lakes,  the  hills  and  vales,  which  diversify  the 
plains  below.  But  besides  the  beauty  and 
variety  which  the  diversity  of  surface  pro- 
duces, mountains  are  of  essential  use  in  the 
economy  of  our  globe.  They  afford  many  of 
the  most  delightful  and  salubrious  places  for 
the  habitations  of  man  ;  they  arrest  the  pro- 
gress of  stormy  winds;  they  serve  for  the 
nourishment  of  animals,  and  the  production 
of  an  infinite  variety  of  herbs  and  trees ;  they 
are  the  depositories  of  stones,  metals,  minerals, 
and  fossils  of  every  description,  so  necessary 
for  the  use  of  man ;  and  they  are  the  portions 
of  the  globe  where  fountains  have  their  rise, 
and  whence  rivers  are  conveyed  to  enliven 
and  fertilize  the  plains.  For,  if  the  earth  were 
divested  of  its  mountains,  and  every  part  of  its 
surface  a  dead  level,  there  could  be  no  running 
streams  or  conveyance  for  the  waters,  and  they 
would  either  stagnate  in  large  masses  or  over- 


flow immense  tracts  of  land.  Hence  it  has 
been  arranged  by  the  wisdom  of  Provid-nce 
that  mountains  should  exist  over  all  the  globe, 
and  that  every  country  should  enjoy  the  nu- 
merous benefits  which  such  an  arrangement 
is  fitted  to  produce. 

As  mountains,  then,  are  part  of  the  arrange- 
ments of  other  globes  in  the  solar  system,  and 
as  they  are  essentially  requisite  in  such  a 
world  as  ours,  they  may  serve  similar  and 
even  more  important  purposes  in  other  worlds. 
In  some  of  the  planets  they  appear  to  be  more 
elevated  and  of  greater  dimensions  than  on 
the  earth.  Although  the  moon  is  much  less 
in  size  than  our  globe,  yet  some  of  its  moun- 
tains are  reckoned  to  be  five  miles  in  perpen- 
dicular height.  Some  of  the  mountains  on 
Venus  are  estimated  to  be  four  times  higher 
than  even  this  elevation.  We  may  easily 
conceive  what  an  extensive  and  magnificent 
prospect  would  be  presented  from  the  top  of 
such  sublime  elevations,  and  what  a  diversity 
of  objects  would  be  presented  to  the  eye  from 
one  point  of  view.  Nor  need  we  imagine 
there  will  be  any  great  difficulty  in  ascending 
such  lofty  eminences  ;  for  the  inhabitants  of 
such  worlds  may  be  furnished  vv.th.  bodies  dif- 
ferent from  those  of  the  human  race,  and  en- 
dowed with  locomotive  powers  far  superior  to 
ours.  If,  therefore,  the  planets  were  found  to 
be  perfectly  smooth  globes,  without  any  eleva- 
tions or  depressions,  we  should  lose  one  argu- 
ment in  support  of  their  being  designed  for  the 
abodes  of  rational  beings ;  but  having  the  cha- 
racteristic now  stated,  when  taken  into  con- 
sideration with  other  arguments,  it  corroborates 
the  idea  of  their  being  habitable  worlds. 

2.  The  planets,  in  all  probability,  are  en- 
vironed with  atmospheres.  It  appears  pretty 
certain  that  the  moon  is  surrounded  with  such 
an  appendage  (see  pp.  119-120.)  The  planet 
Mars  is  admitted  by  all  astronomers  to  be  en- 
vironed with  a  pretty  dense  atmosphere,  which 
is  the  cause  of  its  ruddy  appearance  (see  p. 
61,  62;)  and  indications  of  an  atmosphere 
have  been  observed  on  Venus  and  some  of  the 
other  planets.  To  our  world  an  atmosphere 
is  a  most  essential  appendage.  Without  its 
agency  our  globe  would  be  unfit  for  being  the 
residence  of  living  beings  constituted  as  they 
now  are ;  and  were  it  detached  from  the  earth, 
all  the  orders  of  animated  nature,  and  even  the 
vegetable  tribes  would  soon  cease  to  exist. 
Atmospheres  somewhat  analogous  to  ours, 
may  likewise  be  necessary  in  other  worlds. 
But  we  have  no  reason  to  conclude  that  they 
are  exactly  similar  to  ours.  While  our  atmo- 
sphere consists  of  a  compound  of  several 
gaseous  substances,  theirs  may  be  formed  of  a 
pure  homogeneous  ethereal  fluid,  possessed  of 
very  different  properties.  While  ours  is  im- 
pregnated with  dense  vapours,  and  inter- 
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spersed  with  numerous  strata  of  thick  clouds, 
the  atmosphere  of  some  of  the  other  planets 
may  be  free  of  every  heterogeneous  substance, 
and  perfectly  pure  and  transparent.  Their  re- 
flective and  refractive  powers,  and  other  quali- 
ties, may  likewise  be  different  from  those  of 
the  atmosphere  which  surrounds  the  earth. 
Hence  the  folly  of  denying  the  existence  of 
an  atmosphere  around  the  moon  or  any  other 
planet,  because  a  fixed  star  or  any  other  orb  is 
not  rendered  dim  or  distorted  when  it  ap- 
proaches its  margin.  For  if  its  atmosphere  be 
either  of  sma)l  dimensions,  or  perfectly  pure 
and  transparent,  or  of  a  different  refractive 
power  from  ours,  such  a  phenomenon  cannot 
be  expected.  We  have  no  more  reason  to  ex- 
pect that  the  atmospheres  of  other  planets 
should  be  similar  to  ours,  than  that  these 
bodies  should  be  of  the  same  size,  have  the 
same  diversity  of  objects  on  their  surface,  or 
be  accompanied  with  the  same  number  of 
moons. 

It  is  not  likely  that  our  atmosphere  is  pre- 
cisely in  the  same  state  as  at  the  first  creation. 
Its  invigorating  powers  had  then  an  influence 
sufficient  to  prolong  human  existence  to  a 
period  of  a  thousand  years ;  but,  since  the 
change  it  underwent  at  the  deluge,  the  period 
of  human  life  has  dwindled  down  to  little  more 
than  "  threescore  years  and  ten."  The  present 
constitution  of  our  atmosphere,  therefore,  ought 
not  to  be  considered  as  a  model  by  which  to 
judge  of  the  nature  and  properties  of  the  atmo- 
spheres of  other  worlds.  Their  atmospheres 
may  be  so  pure  and  transparent  as  to  enable 
their  inhabitants  to  penetrate  much  further 
into  space  than  we  can  do,  and  to  present  to 
them  the  heaA'enly  bodies  with  more  brilliancy 
and  lustre ;  and  the  properties  with  which 
they  are  endowed  may  be  fitted  to  preserve 
their  corporeal  organs  in  undecaying  vigour, 
and  to  raise  their  spirits  to  the  highest  pitch 
of  ecstasy,  similar  to  some  of  the  effects  pro- 
duced on  our  frame  by  inhaling  that  gaseous 
fluid  called  the  nitrous  oxide.  There  is  only 
one  planet  whose  atmosphere  appears  to  par- 
take of  the  impurity  and  density  of  that  of  the 
earth,  and  that  is  the  planet  Mars ;  and  several 
other  circumstances  tend  to  show  that  it  bears 
too  near  a  resemblance  to  our  globe.  In  this 
respect,  then,  it  gives  indication  of  being  a 
habitable  world  ;  but  several  of  the  other  pla- 
nets may  be  abodes  of  greater  happiness  and 
splendour,  although  no  traces  of  such  an  ap- 
pendange  can  be  distinguished  by  our  tele- 
scopes. And  this  very  circumstance,  that 
their  atmospheres  are  invisible,  should  lead  us 
to  conclude  that  they  are  purer  and  more 
transparent  than  ours,  and  that  the  moral  and 
physical  condition  of  their  inhabitants  is  pro- 
superior  to  what  is  enjoyed  upon  earth. 

3.  There  is  provision  made  for  the  dis- 
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tribution  of  light,  and  heat,  and  colour  among 
all  the  planets  and  their  satellites.  On  every 
one  of  these  bodies  the  sun  diffuses  a  radi- 
ance, and,  in  order  that  no  portion  of  their 
surfaces  may  be  deprived  of  this  influence, 
they  appear  all  to  have  a  motion  round  their 
axes.  Light  is  an  essential  requisite  to  every 
world,  and  colour  is  almost  equally  indispensa- 
ble. Without  colour  we  should  be  unable  to 
perceive  the  forms,  proportions,  and  aspects  of 
the  objects  which  surround  us ;  we  could  not 
distinguish  one  object  from  another ;  all  the 
beauties,  varieties,  and  sublimities  of  nature 
would  be  annihilated,  and  we  should  remain 
destitute  of  the  noblest  entertainments  of 
vision.  It  is  colour  which  enlivens  every 
scene  of  nature,  which  adds  a  charm  to  every 
landscape,  and  gives  an  air  of  beauty  and  mag- 
nificence to  the  spacious  vault  of  heaven.  Now 
colour  exists  in  the  solar  rays,  without  which, 
or  some  similar  radiance,  every  object  is  either 
invisible  or  wears  a  uniform  aspect.  On  what- 
ever objects  these  rays  fall,  colour  is  produced  ; 
they  have  the  same  properties  in  every  part  of 
the  system  as  on  our  globe,  and,  therefore, 
must  produce  colours  of  various  hues  on  the 
objects  connected  with  the  remotest  planets, 
according  to  the  nature  of  the  substances  on 
which  they  fall.  Light  and  colour,  then, 
being  essential  to  every  globe  intended  for  the 
habitation  of  living  beings,  abundant  provision 
has  been  made  for  diffusing  their  benign  in- 
fluence through  every  part  of  the  planetary 
system.  Heat  is  likewise  an  agent  which  ap- 
pears necessary  to  every  world;  and  it  is, 
doubtless,  distributed  in  due  proportions 
throughout  the  system,  according  to  the  na- 
ture of  the  substances  of  which  the  planets 
are  composed,  and  the  constitution  of  their  in- 
habitants. But  light,  and  colour,  and  heat  are 
agencies  which  can  only  have  an  ultimate  re- 
spect to  sensitive  and  intellectual  beings ;  and, 
therefore,  where  no  such  beings  exist  or  are 
intended  to  exist,  no  such  provision  would  be 
made  by  a  wise  and  intelligent  agent.  Such 
care  as  appears  to  have  been  taken  for  the 
communication  of  the  agencies  of  light,  heat, 
and  colour,  would  never  have  been  exercised 
for  the  sake  of  rocks  and  desarts,  and  scenes 
of  sterility  and  desolation.  The  existence  of 
light,  with  all  the  enchanting  effects  it  pro- 
duces, necessarily  supposes  the  existence  of 
eyes,  in  order  to  enjoy  its  beneficial  influence : 
and,  therefore,  organized  beings,  endowed 
with  visual  organs,  must  exist  in  all  those  re- 
gions where  contrivances  have  been  adapted 
for  its  regular  and  universal  diffusion ;  other- 
wise the  universe  might  have  remained  a  scene 
of  eternal  darkness. 

4.  The  principal  primary  planets  are  pro- 
vided with  secondary  planets  or  moons,  to 
afford  them  light  in  the  absence  of  the  sun, 
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as  well  as  to  accomplish  other  important  pur- 
poses. The  three  largest  planets  of  the  sys- 
tem are  accommodated  with  no  fewer  than 
seventeen  of  those  nocturnal  luminaries,  and 
probably  with  several  more  which  lie  beyond 
the  reach  of  our  telescopes.  Our  earth  has 
one  ;  and  it  is  not  improbable  that  both  Mars 
and  Venus  are  attended  by  at  least  one  satel- 
lite. These  attendants  appear  to  increase  in 
number  in  proportion  to  the  distance  of  the 
primary  planet  from  the  sun.  Jupiter  has 
ifour  such  attendants ;  Saturn  seven ;  six  have 
been  discovered  around  Uranus ;  but  the  great 
difficulty  of  perceiving  them,  at  the  immense 
distance  at  which  we  are  placed,  leads  to  the 
almost  certain  conclusion  that  several  more 
exist  which  have  not  yet  been  detected.  While 
these  satellites  revolve  round  their  respective 
planets,  and  diffuse  a  mild  radiance  on  their 
surfaces  in  the  absence  of  the  sun,  they  also 
serve  the  same  purposes  to  one  another ;  and 
their  primaries,  at  the  same  time,  serve  the 
purpose  of  large  resplendent  moons  to  every 
one  of  their  satellites,  besides  presenting  a 
diversified  and  magnificent  scene  in  their 
nocturnal  sky.  No  satellite  has  yet  been  dis- 
covered attending  the  planet  Mercury,  nor  is 
it  probable  that  any  such  body  exists.  But 
we  have  already  shown  (pp.  14G-148)  that 
Venus  and  the  earth  serve  the  purposes  of 
satellites  to  this  planet,  Venus  sometimes  ap- 
pearing six  times  as  large,  and  the  earth  two 
or  three  times  as  large  as  Venus  does  to  us 
at  the  period  of  its  greatest  brilliancy  ;  so  that 
the  nights  of  Mercury  are  cheered  with  a  con- 
siderable degree  of  illumination.  Here,  then, 
we  perceive  an  evident  design  in  such  arrange- 
ments, which  can  have  no  other  ultimate  object 
in  view  than  the  comfort  and  gratification  of 
intelligent  beings.  For  a  retinue  of  moons, 
revolving  around  their  primary  planets  at  regu- 
lar distances  and  in  fixed  periods  of  time, 
would  serve  no  useful  purpose  in  throwing  a 
fiint  light  on  immense  desarts,  where  no  sen- 
sitive beings,  furnished  with  visual  organs, 
were  placed  to  enjoy  its  benefits ;  nor,  if  this 
were  the  case,  is  it  supposable  that  so  much 
skill  and  accuracy  would  have  been  displayed 
in  arranging  their  distances  and  their  peri- 
odical revolutions,  which  is  accomplished  with 
all  the  accuracy  and  precision  which  are  dis- 
played in  the  other  departments  of  the  system 
of  nature. 

The  small  density  of  the  larger  and  more 
remote  planets,  and  the  diminution  of  the 
weight  of  bodies  on  their  surfaces  on  this 
account,  and  by  their  rapid  rotation  on  their 
axes,  appear  to  be  instances  of  design  which 
have  a  respect  to  sentient  beings.  The  den- 
sity of  Jupiter  is  little  more  than  that  of  water, 
and  that  of  Saturn  about  the  density  of  cork. 
Were  these  planets  as  dense  as  the  planet 


Mercury,  or  had  they  even  the  density  of  the 
earth,  organized  beings  like  man  would  be 
unable  to  traverse  their  surfaces.  If  the  density 
of  Jupiter,  for  example,  were  as  great  as  that 
of  the  earth,  the  weight  of  bodies  on  its  surface 
would  be  eleven  times  greater  than  with  us  ; 
so  that  a  man  weighing  160  pounds  on  the 
earth  would  be  pressed  down  on  the  surface 
of  Jupiter  with  a  force  equal  to  one  thousand 
seven  hundred  and  sixty  pounds.  But  the 
gravity  of  bodies  on  the  surface  of  this  planet 
is  only  about  twice  as  great  as  on  the  surface 
of  the  earth ;  and  this  gravitating  power  is 
diminished  by  its  rapid  rotation  on  its  axis. 
For  the  centrifugal  force  which  diminishes  the 
weight  of  bodies  is  sixty-six  times  greater  on 
Jupiter  than  on  the  earth,  and  will  relieve  the 
inhabitants  of  one  eighth  part  of  their  weight, 
which  they  would  otherwise  feel  if  there  were 
no  rotation  ;  so  that  a  body  weighing  128 
pounds  if  the  planet  stood  still,  would  weigh 
only  112  pounds  at  its  present  rate  of  rotation, 
which  will  afford  a  sensible  relief  and  diminu- 
tion of  weight  (see  p.  75,  Art.  Jupiter.}  The 
same  may  be  said,  with  some  slight  modifica- 
tions, in  relation  to  Saturn.  There  must, 
therefore,  have  been  a  design,  or  a  wise  and 
prospective  contrivance  in  such  arrangements, 
to  suit  the  exigencies  and  to  promote  the  com- 
fort of  organized  intelligences;  otherwise,  had 
Jupiter  and  Saturn  been  as  much  denser  than 
the  earth  as  they  are  lighter,  every  body  would 
have  been  riveted  to  their  surfaces  with  a  force 
which  beings  like  man  could  never  have  over- 
come ;  and  moving  beings  with  such  organical 
parts  as  those  of  men  would  have  had  to  drag 
along  with  them  a  weight  of  eight  or  ten  thou- 
sand pounds. 


In  the  preceding  statements  I  have  endea- 
voured to  show  that  there  is  a  general  simi- 
larity among  all  the  bodies  of  the  planetary 
system,  and  that  there  are  special  arrange- 
ments which  indicate  their  adaption  to  the 
enjoyment  of  sensitive  and  intellectual  beings. 
Let  us  now  consider  more  particularly  the 
force  of  the  argument  derived  from  such  con- 
siderations : 

That  the  Divine  Being  has  an  end  in  view 
in  all  his  arrangements,  and  that  this  end  is  in 
complete  correspondence  with  his  infinite  wis- 
dom and  goodness,  and  the  other  perfections 
of  his  nature,  is  a  position  which  every  rational 
Theist  will  readily  admit.  That  some  of  the 
prominent  designs  or  general  ends  which  the 
Deity  intended  to  accomplish  may  be  traced 
in  various  departments  of  his  works,  is  like- 
wise a  position  which  few  or  none  will  deny. 
That  design  may  be  inferred  from  its  effects, 
is  a  principle  which  mankind  generally  recog- 
nize in  their  investigations  of  the  operations 
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both  of  nature  and  of  art.  That  man  would 
justly  he  accused  of  insanity  who,  after  in- 
specting the  machinery  of  a  well-constructed 
clock,  and  perceiving  that  it  answered  the 
purpose  of  pointing  out  the  divisions  of  time 
by  hours,  minutes,  and  seconds  with  the  ut- 
most accuracy,  should  deny  that  its  various 
parts  were  formed  and  arranged  for  the  very 
purpose  which  the  machine  so  exactly  fulfils ; 
at  least,  that  the  pointing  out  of  the  hours  and 
minutes  was  one  of  the  main  and  leading 
objects  which  the  artist  had  in  view  in  its 
construction.  It  is  a  law  of  our  nature  which 
we  cannot  resist,  that  from  the  effect  the  de- 
sign may  be  inferred  ;  and  that,  wherever  art 
or  contrivance  appears  exactly  adapted  to  ac- 
complish a  certain  end,  that  end  was  intended 
to  be  accomplished.  We  cannot  doubt  for  a 
moment  of  the  final  causes  of  a  variety  of 
objects  and  contrivances  which  present  them- 
selves to  view  in  the  world  we  inhabit.  We 
cannot  err  in  concluding,  for  example,  that  the 
ears,  legs,  and  wings  of  animals  were  made 
for  the  purpose  of  hearing,  walking,  and  flying. 
On  the  same  principle  we  are  led  to  conclude, 
that  as  animals  are  formed  with  mouths,  teeth, 
and  stomachs  to  masticate  and  digest  their 
food,  so  vegetables  and  other  organized  bodies 
were  formed  for  the  purpose  of  affording  that 
nourishment  which  the  animal  requires.  No 
one  will  take  upon  him  to  deny  that  the  eye 
was  intended  for  the  purpose  of  vision.  The 
coats  and  humours  of  which  it  is  composed, 
and  the  muscles  which  move  it  in  every  direc- 
tion, in  their  size,  shape,  connexion,  and  po- 
sitions, are  so  admirably  adapted  to  this  end, 
and  the  transparency  of  the  cornea,  and  the 
humours,  the  opacity  of  the  uvea,  and  the 
semi-opacity  and  concavity  of  the  retina,  are 
so  necessary  to  transmit  and  refract  the  rays 
of  light  in  order  to  distinct  vision,  that  it  ap- 
pears as  evident  it  was  designed  for  this  pur- 
pose, as  that  telescopes  were  constructed  to 
discover  the  colours,  shapes,  an,d  motions  of 
distant  objects.  And  as  the  eye  was  con- 
structed of  a  number  of  nice  and  delicate  parts 
for  the  purpose  of  vision,  so  light  was  formed 
for  the  purpose  of  acting  upon  it  and  produc- 
ing the  intended  effect,  without  the  agency 
of  which  vision  could  not  be  produced.  The 
one  is  exactly  adapted  to  the  other ;  for  no 
other  substance  but  light  can  affect  the  eye  so 
as  to  produce  vision,  and  no  other  organ  of 
sensation  is  susceptible  of  the  impressions  of 
light,  so  as  to  convey  a  perception  of  any 
visible  object.  In  all  such  cases,  the  adaption 
of  one  contrivance  to  another,  and  the  inten- 
tion of  the  Contriver,  are  quite  apparent. 

It  is  true,  indeed,  that  we  cannot  pretend 

to  explore  all  the  ends  or  designs  which  God 

may  have  had  in  view  in  the  formation  of 

any  one  object  or  department  of  the  universe. 
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For  an  eternal  and  omniscient  Being,  whose 
wisdom  is  unsearchable,  and  whose  eye  pene 
trates  through  all  the  regions  of  immensity, 
may  have  subordinate  designs  to  accomplish, 
which  surpass  the  limited  faculties  of  man,  01 
even  of  angels,  to  comprehend.  But  to  inves- 
tigate and  to  perceive  some  of  the  main  and 
leading  ends  which  were  designed  in  the 
arrangement  of  certain  parts  of  the  universe, 
is  so  far  from  being  presumptuous  and  unat- 
tainable, that  it  would  be  blindness  and  folly 
in  a  rational  creature  not  to  discover  them  ; 
particularly  in  such  instances  as  those  to  which 
we  have  now  alluded.  For  it  appears  to  be 
the  intention  of  the  Deity,  in  displaying  his 
works  to  intelligent  minds,  that  these  works 
shall  exhibit  a  manifestation  of  his  attributes, 
and  particularly  of  his  wisdom,  goodness,  and 
intelligence  ;  and  he  has  endowed  them  with 
faculties  adequate  to  enable  them  to  perceive 
some  traces  of  his  footsteps  and  of  the  plan  of 
his  operations.  But  while  he  permits  us  to 
perceive  some  of  the  grand  lineaments  of  his 
designs,  there  may  be  numberless  minute  and 
subordinate  ends  which  lie  beyond  the  sphere 
of  our  investigations.  Were  a  peasant  brought 
into  the  observatory  of  an  astronomer,  and 
shown  an  instrument  calculated  to  point  out 
the  sun's  place  in  the  ecliptic,  its  declination 
and  right  ascension,  the  day  of  the  month,  &c., 
and  particularly  the  hour  of  the  day,  it  would 
be  presumptuous  in  such  a  person  to  pretend  to 
ascertain  all  the  intentions  of  the  artist,  or  all 
the  uses  fof  which  such  a  machine  was  con- 
structed ;  but  when  he  beheld  the  ordinary 
marks  of  a  sundial,  and  the  shadow  of  the 
gnomon  accurately  pointing  to  the  hour,  he 
could  not  fail  at  once  to  perceive  that  this  was 
one  principal  end  which  the  contriver  had  in 
view.  In  like  manner,  while  we  evidently 
perceive  that  one  principal  design  of  the  crea- 
tion of  the  sun  was  to  enlighten  the  earth  and 
other  bodies  which  move  around  it,  it  also 
serves  several  subordinate  purposes.  It  directs 
the  course  of  winds,  promotes  evaporation  and 
the  growth  of  vegetables ;  it  retains  the  planets 
in  their  orbits ;  it  kindles  combustible  sub- 
stances by  means  of  convex  glasses  and  con- 
cave mirrors  ;  it  enables  us  to  measure  time  hy 
means  of  dials ;  it  directs  the  geographer  to 
determine  the  elevation  of  the  pole  and  the 
latitude  of  places ;  it  guides  the  navigator  in 
his  course  through  the  ocean,  and  even  its 
eclipses  serve  many  useful  purposes,  both  in 
chronology  and  astronomy  ;  and  it  may  serve 
similar  or  very  different  purposes,  with  which 
we  are  unacquainted,  among  the  inhabitants 
of  other  worlds.  All  these  purposes,  and  many 
more  of  which  we  are  ignorant,  may  have 
entered  into  the  designs  of  the  almighty  Cre- 
ator, although,  in  the  first  instance,  we  might 
have  been  unable  to  discover  pr  appreciate 
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ihcm.  As  "  the  works  of  the  Lord  are  great," 
so  they  must  "be  sought  out,"  or  diligently 
investigated,  in  order  that  we  may  clearly  per- 
ceive the  manifold  designs  of  infinite  wisdom. 
Let  us  now  apply  these  principles  to  the 
subject  more  immediately  before  us.  We 
have  seen  that,  in  the  distant  bodies  of  our 
system,  there  are  special  contrivances  and 
arrangements,  all  calculated  to  promote  the 
enjoyment  of  myriads  of  intelligent  agents. 
We  have  presented  before  us  a  most  august 
and  astonishing  assemblage  of  means  ;  and  if 
the  Contriver  of  the  universe  is  possessed  of 
wisdom,  there  must  be  an  end  proportionate 
to  the  utility  and  grandeur  of  the  means 
provided.  Arrangements  nearly  similar,  but 
much  inferior  in  point  of  extent  and  magnifi- 
cence, have  been  made  in  relation  to  the 
globe  on  which  we  live.  We  know  the  final 
cause,  or,  at  least,  one  of  the  principal  designs 
for  which  it  was  created,  namely,  to  support 
sensitive  and  intellectual  beings,  and  to  con- 
tribute to  their  enjoyment.  If,  then,  the 
Creator  acts  on  the  same  principle — in  other 
words,  if  he  displays  the  same  intelligence — in 
other  regions  of  the  universe  as  he  does  in  our 
world,  we  must  admit  that  the  planetary  globes 
are  furnished  with  rational  inhabitants.  There 
B  one  essential  attribute  which  enters  into  all 
our  conceptions  of  the  Divine  Being,  namely, 
that  he  is  possessed  of  infinite  wisdom.  This 
perfection  of  his  nature  is  displayed  in  all  the 
general  arrangements  he  has  made  in  this 
lower  world,  where  we  find  one  part  nicely 
adapted  to  another,  and  every  thing  so  ba- 
lanced and  arranged  as  to  promote  the  com- 
fort of  sentient  beings.  In  consequence  of  his 
being  possessed  of  this  perfection,  he  must  be 
considered,  in  all  his  operations  throughout 
the  immensity  of  space,  as  proportionating  the 
means  to  the  end,  and  selecting  the  best  means 
possible  for  the  accomplishment  of  any  design ; 
for  in  such  contrivances  and  operations  true 
wisdom  consists. 

But  now  let  us  suppose  for  a  moment  that 
the  vast  regions  on  the  surfaces  of  the  planets 
are  only  immense  and  frightful  desarts,  devoid 
of  inhabitants  ;  wherein  does  the  wisdom  of 
the  Creator  appear  on  this  supposition  ? 
For  what  purpose  serves  the  grand  apparatus 
of  rings  and  moons  for  adorning  their  sky  and 
reflecting  light  on  their  hemispheres  1  Why 
are  they  made  to  perform  annual  and  diurnal 
revolutions,  and  not  fixed  in  the  same  points 
of  infinite  space  1  Why  are  the  larger  and 
remoter  planets  furnished  with  more  moons 
than  those  which  are  nearer  the 'source  of 
light  1  Why  are  their  firmaments  diversified 
with  so  many  splendid  and  magnificent  ob- 
jects 1  Why  is  their  surface  arranged  into 
mountains  and  \ales "?  Why  has  so  much 
contrivance  been  displayed  in  devising  means 
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for  the  illumination  of  every  portion  of  their 
surfaces,  and  diffusing  over  them  a  variety  of 
colours  1  The  answers  to  such  questions 
would,  then,  be,  to  illuminate  an  immense 
number  of  dreary  wastes,  and  to  produce 
days  and  nights,  and  a  variety  of  seasons,  for 
the  sole  benefit  of  interminable  desarts,  or,  at 
most,  of  mountains  of  marble  or  rocks  of  dia- 
monds ;  to  afford  them  light  enough  to  see  to 
keep  their  orbits,  lest  they  might  miss  their 
way  in  the  pathless  spaces  through  which 
they  move !  Is  such  an  apparatus  requisite 
for  such  a  purpose  1  Would  this  be  an  end 
worthy  of  INFINITE  WISDOM  1  Would  it  at 
all  correspond  with  the  dignity  and  grandeur 
of  the  means  employed  1  Would  it  comport 
with  the  boundless  intelligence 'of  Him  "  who 
formed  the  earth  by  his  wisdom,  and  stretched 
out  the  heavens  by  his  understanding  ?" 
To  maintain  such  a  position  would  be  to  dis- 
tort the  Divine  character,  and  to  undermine 
all  the  conceptions  we  ought  to  form  of  the 
Deity,  as  wise,  amiable,  and  adorable,  and  as 
"  great  in  counsel  and  mighty  in  operation." 
If  we  beheld  an  artist  exerting  his  whole 
energies,  and  spending  his  whole  life  in  con- 
structing a  large  complex  machine  which  pro- 
duced merely  a  successive  revolution  of  wheels 
and  pinions,  without  any  useful  end  whatever 
in  view,  however  much  we  might  extol  the 
ingenuity  displayed  in  some  parts  of  the  ma- 
chine, we  could  not  help  viewing  him  as  a 
fool  or  a  maniac  in  bestowing  so  much  labour 
and  expense  to  no  purpose.  For  it  is  the 
end  or  design  intended  which  leads  us  to  infer 
the  wisdom  of  the  artist  in  the  means  em- 
ployed. And  shall  we  consider  the  ALL-WISE 
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as  acting  in  a  similar  manner?  The  thought 
«"ould  be  impious,  blasphemous,  and  absurd 
It  is  only  when  we  recognize  the  Almighty  as 
displaying  infinite  wisdom  in  all  his  arrange- 
ments throughout  creation,  and  boundless 
beneficence  in  diffusing  happiness  among 
countless  ranks  of  intelligent  existence,  that 
we  perceive  him  to  be  worthy  of  our  admira- 
tion-and  gratitude,  and  of  our  highest  praises 
and  adorations.  We  are,  therefore,  irresistibly 
led  to  the  conclusion,  that  the  planets  are  the 
abodes  of  intelligent  beings,  since  every  requi- 
site arrangement  has  been  made  for  their  en- 
joyment. This  is  a  conclusion  which  is  not 
merely  probable,  but  absolutely  certain;  for 
the  opposite  opinion  would  rob  the  Deity  of 
the  most  distinguishing  attribute  of  his  nature, 
by  virtually  denying  him  the  perfection  of 
infinite  wisdom  and  intelligence. 

SECTION  IV. 

Argument  IV.     The  scenery  of  the  hea- 
vens,  as   viewed    from   the   surfaces  of  the 
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larger  planets  and  their  satellites,  forms  a 
presumptive  proof  that  both  the  planets  and 
their  moons  are  inhabited  by  intellectual 
beings. 

In  the  preceding  chapter  I  have  described 
at  some  length  the  celestial  phenomena  of  the 
planets,  both  primary  and  secondary.  From 
these  descriptions  it  appears  that  the  most 
glorious  and  magnificent  scenes  are  displayed 
in  the  firmament  of  the  remoter  planets,  and 
particularly  in  those  of  their  satellites.  Even 
the  firmament  of  the.  moon  is  more  striking 
and  sublime  than  ours.  But  in  the  firma- 
ments of  some  of  the  satellites  of  Jupiter  and 
Saturn  there  are  celestial  scenes  peculiarly 
grand  and  splendid,  surpassing  every  thing 
which  the  imagination  can  well  represent, 
and  these  scenes  diversified  almost  every  hour. 
What  should  we  think  of  a  globe  appearing 
in  our  nocturnal  sky  1300  times  larger  than 
the  apparent  size  of  the  moon,  and  every  hour 
assuming  a  different  aspect!  of  five  or  six 
bodies  twenty  or  thirty  times  larger  than  our 
moon  appears,  all  in  rapid  motion,  and  con- 
tinually changing  their  phases  and  their  appa- 
rent magnitudes  ]  What  should  we  think  of 
a  globe  filling  the  twentieth  part  of  the  sky, 
and  surrounded  with  immense  rings,  in  rapid 
motion,  diffusing  a  radiance  over  the  whole 
heavens]  When  Jupiter  rises  to  his  satel- 
lites, and  especially  when  Saturn  and  his 
rings  rise  to  his  nearest  moons,  a  whole 
quarter  of  the  heavens  will  appear  in  one 
blaze  of  light.  At  other  times,  when  the  sun 
is  eclipsed,  or  when  the  dark  sides  of  these 
globes  are  turned  to  the  spectator,  the  starry 
firmament  will  open  a  new  scene  of  wonders, 
and  planets  and  comets  be  occasionally  beheld 
in  their  courses  through  the  distant  regions 
of  space. 

The  sublime  and  magnificent  scenes  dis- 
played in  those  regions ;  the  diversified  objects 
presented  to  view ;  the  incessant  changes  in 
their  phases  and  aspects ;  the  rapidity  of  their 
apparent  motions ;  and  the  difficulty  of  deter- 
mining the  real  motions  and  relative  positions 
of  the  bodies  in  the  firmament,  and  the  true 
system  of  the  world,  lead  us  to  the  conclusion 
that  the  globes  to  which  we  allude  are  re- 
plenished, not  merely  with  sensitive,  but  with 
intellectual  beings.  For  such  sublime  and 
interesting  scenes  cannot  afFect  inanimate 
matter,  nor  even  mere  sentient  beings  such  as 
exist  in  our  world ;  and  we  cannot  suppose 
that  the  Creator  would  form  such  magnificent 
arrangements  to  be  beheld  and  studied  by  no 
rational  beings  capable  of  appreciating  their 
grandeur  and  feeling  delight  in  their  contem- 
plation. If  creation  was  intended  as  a  display 
of  the  perfections  and  grandeur  of  the  Divine 
Being,  there  must  exist  intelligent  minds  to 
whom  such  a  display  is  exhibited ;  otherwise 
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the  material  universe  cannot  answer  this  end, 
and  might,  so  far  as  such  a  design  is  concerned, 
have  remained  for  ever  shut  up  in  the  recesses 
of  the  Eternal  Mind.  Such  scenes  could  not 
have  been  intended  merely  for  the  instruction 
or  gratification  of  the  inhabitants  of  the  earth. 
For  no  one  of  its  population  has  yet  beheld 
them  from  that  point  of  view  in  which  their 
grandeur  is  displayed,  and  not  one  out  of  a 
hundred  thousand  yet  knows  that  such  objects 
exist.  We  are,  therefore,  irresistibly  led  to  the 
conclusion  that  intelligent  minds  exist  in  the 
regions  of  Jupiter,  Saturn,  and  Uranus,  for 
whose  pleasure  and  gratification  these  sublime 
scenes  were  created  and  arranged.  Those 
minds,  too,  in  all  probability,  are  endowed 
with  faculties  superior  in  intellectual  energy 
and  acumen  to  those  of  the  inhabitants  -jf  our 
globe.  For  the  rapidity  and  complexity  of  the 
motions  presented  in  the  firmament  of  some 
of  the  satellites  of  Jupiter  and  Saturn,  the 
variety  of  objects  exhibited  to  view,  and  the 
frequent  and  rapid  changes  of  their  phases 
and  apparent  magnitudes,  are  such  as  to 
require  the  exertion  of  intellectual  faculties 
moi'e  powerful  and  energetic  than  ours  in 
order  to  determine  the  real  motions  and  posi- 
tions of  the  globes  around  them,  and  to  ascer- 
tain the  order  of  the  planetary  system  of 
which  they  form  a  part.  And  it  is  likewise 
probable  that  their  organs  of  vision  are  more 
acute  and  penetrating  than  those  of  men ; 
otherwise  they  will  never  be  able  to  discover 
either  the  earth,  Mars,  Mercury,  or  Venus, 
and,  consequently,  may  suppose  that  such 
bodies  have  no  existence. 


SECTION  V. 

Argument  V,  The  doctrine  of  a  plurality 
of  worlds  may  be  argued  from  the  considera- 
tion that,  in  the  world  we  inhabit,  every  part 
of  nature  is  destined  to  the  support  of  ani- 
mated beings. 

There  is,  doubtless,  a  certain  degree  of 
pleasure  in  contemplating  the  material  world, 
and  surveying  the  various  forms  into  which 
matter  has  been  wrought  and  arranged,  parti- 
cularly in  the  admirable  structure  and  move- 
ments of  systems  of  bodies  such  as  those  which 
compose  the  planetary  system.  But  there  is 
something  still  more  interesting  and  wonder- 
ful presented  to  the  mind  when  we  contem- 
plate the  worlds  of  life.  The  material  world 
is  only,  as  it  were,  the  shell  of  the  universe  • 
the  mere  substratum  of  thought  and  sensa- 
tion ;  living  beings  are  its  inhabitants,  for 
whose  sake  alone  matter  is  valuable,  and  for 
whose  enjoyment  it  appears  to  have  been 
created.  In  the  organization  of  animated 
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existences,  in  the  various  parts  of  which  they 
are  composed,  in  the  adaptation  of  one  part 
or  organ  to  another,  in  their  different  func- 
tions, and  the  multifarious  movements  of 
which  they  are  susceptible,  without  taking 
into  consideration  the  soul  that  animates 
them,  there  is  a  display  of  the  most  admirable 
mechanism  and  the  nicest  contrivance,  which 
is  not  to  be  found  in  earth  or  stones,  in  rocks 
of  diamonds,  or  even  in  the  figure  of  a  planet 
and  its  motion  round  the  sun. 

Hence  we  find  that  the  world  in  which  we 
live  teems  with  animated  existence.  Man  is 
the  principal  inhabitant,  for  whose  use  and 
accommodation,  chiefly,  the  terraqueous  globe 
was  formed  and  arranged.  Had  not  the 
Creator  intended  to  place  upon  its  surface 
beings  endowed  with  rational  faculties,  capa- 
ble of  enjoying  happiness  and  recognizing  the 
perfections  of  its  author,  it  is  not  probable  that 
it  would  have  been  created.  "  God  made  man 
in  his  own  image,"  and  "  gave  him  dominion 
over  the  fish  of  the  sea,  <0er  the  fowls  of  the 
air,  and  over  every  living  thing  that  moveth 
upon  the  earth."  After  the  light  was  formed, 
the  bed  of  the  ocean  prepared,  and  the  waters 
separated  from  the  dry  land ;  after  luminaries 
were  placed  in  the  firmament,  and  plants  and 
animals  of  all  kinds  brought  into  existence, 
the  world  appeared  so  magnificently  adorned 
that  it  might  have  been  thought  perfect  and 
complete.  But  all  nature  was  yet  destitute 
of  sentiment  and  gratitude ;  there  were  no 
beings  capable  of  recognizing  the  Power  that 
formed  them,  or  of  praising  the  Author  of 
their  varied  enjoyments.  The  world  was  still 
in  a  state  of  imperfection,  till  an  intelligence 
was  formed  capable  of  appreciating  the  per- 
fections of  the  Creator,  of  contemplating  his 
works,  and  of  offering  to  him  a  tribute  of 
grateful  adoration.  Therefore  "God  created 
man  in  his  own  image,"  as  the  masterpiece 
of  creation,  the  visible  representative  of  his 
Maker,  and  the  subordinate  ruler  of  this  lower 
world. 

But  although  this  globe  was  created  chiefly 
for  the  residence  of  man,  it  was  not  destined 
solely  for  his  enjoyment.  It  is  impossible  for 
him  to  occupy  the  whole  of  its  surface,  or  of 
the  appendages  with  which  it  is  connected. 
There  are  extensive  marshes,  impenetrable 
forests,  deep  caverns,  and  the  more  elevated 
parts  of  lofty  mountains,  where  human  feet 
have  never  trod.  There  is  a  vast  body  of 
water  which  covers  more  than  two  thirds  of 
the  surface  of  the  globe,  and  the  greater  part 
of  the  atmosphere  which  surrounds  the  earth, 
which  men  cannot  occupy  as  permanent 
abodes.  Yet  these  regions  of  our  world  are 
not  left  destitute  of  inhabitants.  Numerous 
tribes  of  animals  range  through  the  unculti- 
vated desarts,  and  find  ample  accommodation 


suited  to  their  nature,  in  rocks  and  mountains, 
in  dens  and  caves  of  the  earth.  The  regions 
of  the  air  are  filled  with  winged  creatures  of 
every  kind,  from  the  ostrich  and  the  eagle  to 
the  numerous  tribes  of  flying  insects  almost 
invisible  to  the  unassisted  eye.  The  ocean 
teems  with  myriads  of  inhabitants  which  no 
man  can  number,  of  every  form  and  size,  from 
the  mighty  whale  to  the  numerous  tribes  of 
Medusae,  of  which  several  thousands  of  bil- 
lions are  contained  in  a  cubical  mile  of  water. 
Every  sea,  lake,  and  river  is  peopled  with  in- 
habitants ;  every  mountain  and  marsh,  every 
wilderness  and  wood,  is  plentifully  stocked 
with  birds,  and  beasts,  and  numerous  species 
of  insects,  all  of  which  find  ample  accommo- 
dation, and  every  thing  necessary  for  their 
comfort  and  subsistence.  In  short,  every  part 
of  matter  appears  to  be  peopled ;  almost  every 
green  leaf  and  every  particle  of  dust  has  its 
peculiar  inhabitants.  Not  only  are  the  larger 
parts  of  nature  occupied  with  living  beings, 
but  even  the  most  minute  portions  of  matter 
teem  with  animated  existence.  Every  plant 
and  shrub,  and  almost  every  drop  of  water, 
contains  its  respective  inhabitants.  Their 
number,  in  some  instances,  is  so  great,  and 
their  minuteness  so  astonishing,  that  thou- 
sands of  them  are  connected  within  a  space 
not  larger  than  a  grain  of  sand.  In  some 
small  pools  covered  with  a  greenish  scum,  of 
only  a  few  yards  in  extent,  there  are  more 
living  creatures  than  there  are  human  beings 
on  the  surface  of  the  whole  earth. 

Multitudes  of  animated  beings  are  found  in 
situations  and  circumstances  where  we  should 
never  have  expected  to  perceive  the  principle 
of  life.  The  juices  of  animals  and  plants, 
corrupted  matter,  excrements,  smoke,  dry 
wood,  the  bark  and  roots  of  trees,  the  bodies 
of  other  animals,  and  even  their  entrails,  the 
dunghill,  and  the  dirty  puddle,  the  itch,  and 
other  disorders  which  are  attended  with 
blotches  and  pimples,  and  even  the  hardest 
stones  and  rocks,  serve  to  lodge,  and  in  some 
measure  to  feed,  numerous  tribes  of  living 
beings.  The  number  of  such  creatures  ex- 
ceeds all  human  calculation  and  conception. 
There  may  be  reckoned  far  more  than  a  hun- 
dred thousand  species  of  animated  beings, 
many  of  these  species  containing  individuals 
to  the  amount  of  several  hundreds  of  times 
the  number  of  the  human  inhabitants  of  our 
globe.  It  is  supposed  by  some  that  the  tre- 
mulous motion  observed  in  the  air  during 
summer  may  be  produced  by  millions  of  in- 
sects swarming  in  the  atmosphere ;  and  it  has 
been  found  that  the  light  which  is  seen  on  the 
surface  of  the  ocean  during  the  nights  of  sum- 
mer is  owing  to  an  innumerable  multitude  of 
small  luminous  worms  or  insects  sporting  in 
the  waters.  All  the  numberless  species  of 
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animals  which  exist  on  the  different  depart- 
ments of  our  globe  are  likewise  infinitely 
diversified  in  their  forms,  organs,  senses, 
members,  faculties,  movements,  and  grada- 
tions of  excellence.  As  Mr.  Addison  has 
observed,  "  the  whole  chasm  of  nature,  from 
a  plant  to  a  man,  is  filled  up  with  divers  kinds 
of  creatures  rising  one  above  another  by  such 
a  gentle  and  easy  ascent,  that  the  little  tran- 
sitions and  deviations  from  one  species  to 
another  are  almost  insensible.  This  inter- 
mediate space  is  so  well  husbanded  and 
managed,  that  there  is  scarce  a  degree  of 
perception  which  does  not  appear  in  some 
one  part  of  the  world  of  life."  Here  we  have 
an  evidence  both  of  the  infinite  wisdom  and 
intelligence  of  the  Divine  Being,  and  of  his 
boundless  goodness  in  conferring  existence 
and  happiness  on  such  a  countless  multitude 
of  percipient  beings. 

Since,  then,  it  appears  that  every  portion 
of  matter  in  our  world  was  intended  for  the 
support  and  accommodation  of  animated  be- 
ings, it  would  be  absurd  in  the  highest  degree, 
and  inconsistent  with  the  character  of  the 
Deity  and  his  general  plan  of  operation,  to 
suppose  that  the  vast  regions  of  the  planets, 
so  exceedingly  more  expansive  than  our  globe, 
are  left  destitute  of  inhabitants.  Shall  one 
small  planet  be  thus  crowded  with  a  popula- 
tion of  percipient  beings  of  all  descriptions, 
and  shall  regions  four  hundred  times  more 
expansive  be  left  without  one  living  inhabit- 
ant ?  Can  the  Deity  delight  to  communicate 
enjoyment  in  so  many  thousands  of  varied 
forms  to  unnumbered  myriads  of  sensitive 
existences  in  our  terrestrial  sphere,  and  leave 
'the  noblest  planets  of  the  system  without  a 
single  trace  of  his  benevolence  ]  Can  we 
suppose,  for  a  moment,  that  while  his  wisdom 
shines  so  conspicuous  in  the  mechanism  of 
the  various  tribes  of  animals  around  us,  no 
similar  marks  of  intelligence  are  to  be  found 
in  other  regions  of  the  universe  ]  Such  con- 
clusions can  never  be  admitted,  unless  we 
suppose  that  infinite  wisdom  and  goodness 
have  been  exhausted  in  the  arrangements 
which  have  been  made  in  relation  to  our 
world,  or  that  the  Great  Source  of  felicity  is 
indifferent  about  the  communication  of  hap- 
piness. 

As  far  as  our  observation  extends,  it  appears 
that  the  material  world  is  useless,  except  in 
the  relation  it  bears  to  animated  and  intel- 
lectual beings.  Matter  was  evidently  framed 
for  the  purpose  of  mind,-  and  if  we  could  sup- 
pose that  the  vast  masses  of  matter  in  the  hea- 
vens had  no  relation  to  mind,  they  must,  then, 
have  been  created  in  vain ;  a  supposition 
which  would  derogate  from  the  moral  charac- 
ter and  the  perfections  of  Him  who  is  "  the 
only  wise  God."  A  superior  nature  cannot 
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be  supposed  to  be  formed  for  the  sake  of  an 
inferior.  A  skilful  artist  would  never  think 
of  designing  that  which  is  of  the  greatest  dig- 
nity, or  which  requires  the  utmost  precision 
and  the  nicest  mechanism,  for  the  sake  of  the 
inferior  part  of  his  workmanship.  He  does 
not  construct  the  wheels  and  pinions  of  an 
orrery  for  the  sake  of  the  handle  by  which 
they  are  moved,  or  of  the  pedestal  on  which 
the  instrument  stands ;  nor  does  he  contrive  a 
timepiece  merely  for  the  sake  of  the  shell  or 
case  in  which  it  is  to  be  inclosed.  In  like 
manner,  we  cannot  imagine  that  man  was 
made  for  the  sake  of  the  brutes,  or  the  inferior 
animals  for  the  sake  of  vegetables,  or  the  yearly 
production  of  vegetables  for  the  relief  and  com- 
fort of  the  soil  on  which  they  grow.  This 
would  be  to  invert  the  order  of  the  universe, 
and  to  involve  us  in  the  most  palpable  ab- 
surdity. The  order  of  things  always  rises  up- 
ward, by  gentle  and  regular  degrees,  from 
inanimate  matter,  through  all  the  gradations 
of  vegetable,  animal,  and  immaterial  existence, 
till  we  arrive  at  the  Eternal  and  Incompre- 
hensible Divinity.  Hence  it  appears  that  the 
earth  must  have  been  formed,  not  for  itself,  but 
for  the  sake  of  the  vegetable,  sensitive,  and  in- 
tellectual beings  it  supports ;  and,  by  a  parity 
of  reasoning,  the  planets,  most  of  which  are 
much  more  spacious  and  more  magnificently 
adorned,  must  have  been  formed  and  arranged 
for  the  sake  of  superior  natures. 

"Existence,"  as  a  certain  writer  has  ob- 
served, "  is  a  blessing  to  those  beings  only 
which  are  endued  with  perception,  and  is,  in 
a  manner,  thrown  away  upon  dead  matter  any 
further  than  as  it  is  subservient  to  beinga 
which  are  conscious  of  their  existence."  Ac- 
cordingly we  find,  from  the  bodies  which  lie 
under  our  observation,  that  matter  is  only 
made  as  the  basis  and  support  of  living  beings, 
and  that  there  is  little  more  of  the  one  than 
what  is  necessary  for  the  existence  and  the 
ample  accommodation  of  the  other.  The  earth, 
as  to  amplitude  of  space,  would  contain  a 
hundred  times  the  number  of  animated  beings 
it  actually  supports ;  and  the  ocean  might  per- 
haps contain  thousands  more  than  what  are 
found  amid  its  recesses ;  but,  in  such  a  case, 
they  would  not  have  free  scope  for  their  move- 
ments, nor  experience  all  the  comforts  and  ac- 
commodations they  now  enjoy. 

From  what  has  been  stated,  it  appears  that 
the  Divine  Goodness  is  of  so  communicative  a 
nature  that  it  seems  to  delight  in  conferring 
existence  and  happiness  on  every  order  of  per- 
ceptive beings,  and,  therefore,  has  left  no  part 
connected  with  the  world  in  which  we  live 
without  its  inhabitants ;  and  that  no  creature 
capable  of  feeling  the  pleasure  of  existence 
might  be  omitted  in  the  plan  of  benevolence, 
there  is  an  almost  infinite  diversity  in  the 
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rank  and  order  of  percipient  existence.  The 
scale  of  sensitive  being  begins  with  those 
creatures  which  are  raised  just  above  dead 
matter.  Commencing  at  the  polypus  and  cer- 
tain species  of  shellfish,  it  ascends  by  numerous 
gradations  till  it  arrives  at  man.  *  How  far  it 
may  ascend  beyond  this  point  is  beyond  the 
limits  of  our  knowledge  to  determine.  Had 
only  one  species  of  animals  been  created,  none 
of  the  rest  would  have  enjoyed  the  pleasures 
of  existence.  But  in  the  existing  state  of 
things,  all  nature  is  full  of  enjoyment,  and  that 
enjoyment  endlessly  diversified,  according  to 
the  rank  and  the  percipient  powers  of  the  dif- 
ferent species  of  animated  existence.  It  would, 
therefore,  be  a  reflection  on  the  goodness  as 
well  as  on  the  wisdom  of  the  Divine  Being, 
were  we  to  suppose  that  no  traces  of  Divine 
beneficence  were  to  be  found  amid  the  ex- 
pansive regions  of  the  planetary  globes.  It 
would  form  a  perfect  contrast  to  the  operations 
of  Infinite  Benevolence,  as  displayed  in  our 
terrestrial  system,  and  would  almost  lead  us 
to  conclude  that  the  same  Almighty  Agent 
did  not  preside  in  both  these  departments  of 
the  universe.  But  we  may  rest  assured  that 
the  Deity  always  acts  in  harmony  with  his 
character  throughout  every  part  of  his  do- 
minions ;  and,  therefore,  we  may  confidently 
conclude  that  countless  multitudes  of  sensitive 
and  intellectual  beings,  far  more  numerous 
and  diversified  than  on  earth,  people  the  pla- 
netary regions. 

From  what  has  been  stated  on  this  subject, 
we  may  likewise  conclude  with  certainty  thiat 
the  planetary  worlds  are  not  peopled  merely 
with  animal  existences,  but  also  with  rational 
and  intellectual  natures.  For  the  scenes  dis- 
played in  most  of  the  planets  cannot  be  appre- 
ciated by  mere  sensitive  beings,  nor  are  they 
calculated  to  afford  them  any  gratification. 
Besides,  if  it  be  one  great  design  of  the  Cre- 
ator to  manifest  the  glory  of  his  perfections  to 
other  beings,  none  but  those  who  are  fur- 
nished with  rational  faculties  are  capable  of 
recognizing  his  attributes  as  displayed  in  his 
works,  and  of  offering  to  him  a  tribute  of 
thanksgiving  and  adoration.  Such  intelli- 
gences, we  have  every  reason  to  believe,  may 
far  surpass  the  human  race  in  their  intel- 
lectual powers  and  capacities.  There  is  an 
infinite  gap  between  man  and  the  Deity,  and 
we  have  no  reason  to  believe  that  it  is  entirely 
'unoccupied.  There  is  a  regular  gradation 
from  inanimate  matter  and  vegetative  life 
through  all  the  varieties  of  animal  existence 
till  we  arrive  at  man.  But  we  have  no  rea- 
son to  believe  that  the  ascending  scale  termi- 
nates at  the  point  of  the  human  faculties,  un- 
less we  suppose  that  the  soul  of  man  is  the 
most  perfect  intelligence  next  to  the  Divinity. 
If  the  scale  of  being  rises  by  such  a  regular 


process  to  man,  by  a  parity  of  reasoning  we 
may  suppose  that  it  still  proceeds  gradually 
through  those  beings  that  are  endowed  with 
superior  faculties ;  since  there  is  an  immensely 
greater  space  between  man  and  the  Deity  than 
between  man  and  the  lowest  order  of  sensitive 
existence.  And  although  we  were  to  conceive 
the  scale  of  intellectual  existence  above  man 
rising  thousands  of  times  higher  than  that 
which  intervenes  between  inanimate  matter 
and  the  human  soul,  still  there  would  be  an 
infinite  distance  between  the  highest  created 
intelligence  and  the  Eternal  Mind  which  could 
never  be  overpassed.  It  is  quite  accordant 
with  all  that  we  know  of  the  perfections  and 
operations  of  the  Deity  to  conclude  that  such 
a  progression  of  intellectual  beings  exists 
throughout  the  universe ;  and,  therefore,  we 
have  reason  to  believe  that  in  some  of  the  pla- 
nets of  our  system  there  are  intellectual  na- 
tures far  superior,  in  point  of  mental  vigour 
and  capacity,  to  the  brightest  geniuses  that 
have  ever  appeared  upon  earth ;  find  in  other 
systems  of  creation  the  scale  of  spiritnal  pro- 
gression may  be  indefinitely  extended  far 
beyond  the  limits  to  which  human  imagina- 
tion can  penetrate.  In  the  contemplation  of 
such  scenes  of  percipient  and  intelligent  ex- 
istence, we  perceive  no  boundaries  to  the 
prospect;  the  mind  is  overwhelmed  amid  the 
immensity  of  being,  and  feels  itself  unable  to 
grasp  the  plans  of  Eternal  Wisdom,  and  the 
innumerable  gradations  of  intelligence  over 
which  the  moral  government  of  the  Deity  ex- 
tends; and,  therefore,  we  may  justly  conclude 
wonders  of  power,  wisdom,  and  benevolence 
still  remain  for  the  admiration  of  intellectual 
beings,  which  the  scenes  of  eternity  alone  can 
disclose. 

Intellectual  beings  may  likewise  be  dis- 
tinguished into  those  which  are  linked  to 
mortal,  and  those  which  are  connected  with 
immortal  bodies.  In  the  present  state  of  our 
terrestrial  system  immortal  bodies  cannot 
exist.  Had  immortality  been  intended  for 
man  on  earth,  Infinite  Wisdom  would  have 
adopted  another  plan ;  for  the  constitution  of 
the  earth,  the  atmosphere,  and  the  waters,  is 
not  adapted  to  the  support  and  preservation  of 
immortal  beings ;  that  is,  of  those  intelligences 
which  inhabit  a  system  of  corporeal  organiza- 
tion. From  the  reciprocal  action  of  solids  and 
fluids,  of  earth,  air,  and  water,  life  results; 
and  this  very  action  continued,  according  to 
the  laws  which  now  operate,  is  the  natural 
cause  of  death,  or  the  dissolution  of  the  corpo- 
real system.  But  in  other  worlds  a  system  of 
means  may  be  adapted  for  preserving  in  per- 
petual activity,  and  to  an  indefinite  duration, 
the  functions  of  the  corporeal  machine  which 
is  animated  by  the  intellectual  principle ;  as 
would  probably  have  happened  in  the  case  of 
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man,  had  he  retained  his  original  moral  purity 
and  his  allegiance  to  his  Maker.  Intelligent 
beings  may  likewise  exist  which  are  destined 
to  pass  from  ono  state  of  corporeal  organiza- 
tion to  another,  in  a  long  series  of  changes, 
advancing  from  one  degree  of  corporeal  per- 
fection to  another,  till  their  organical  vehicles 
become  as  pure  and  refined  as  light,  and  sus- 
ceptible of  the  same  degree  of  rapid  motion. 
The  butterfly  is  first  an  egg,  then  a  worm, 
afterward  it  becomes  a  chrysalis,  and  it  is  not 
before  it  has  burst  its  confinement,  that  it 
wings  its  flight,  in  gaudy  colours,  through  th« 
air.  Man  is  destined  to  burst  his  mortal  coil, 
to  enter  a  new  vehicle,  and  at  last  to  receive 
a  body  "  incorruptible,  powerful,  glorious,  and 
immortal."  Varieties  analogous  to  these  may 
exist  throughout  other  regions  of  the  universe. 
If  there  are  not  in  nature  two  leaves  precisely 
alike,  or  two  trees,  two  cabbages,  two  cater- 
pillars, or  two  men  and  women  exactly  simi- 
lar in  every  point  of  view  in  which  they  may 
be  contemplated,  how  can  we  suppose  that 
there  can  be  two  planets  or  two  systems  of 
planets  exactly  alike,  or  that  the  corporeal  or- 
gans and  faculties  of  their  inhabitants  in  every 
respect  resemble  each  other?  Every  globe 
and  every  system  of  worlds  has  doubtless  its 
peculiar  economy,  laws,  productions,  and  in- 
habitants. This  conclusion  is  warranted  from 
all  that  we  know  of  the  operations  of  the  Cre- 
ator ;  it  exhibits,  in  a  striking  point  of  view, 
the  depths  of  his  wisdom  and  intelligence,  and 
it  opens  to  immortal  beings  a  prospect  bound- 
less as  immensity,  in  the  contemplation  of 
which  their  faculties  may  be  for  ever  exer- 
cised, and  their  views  of  the  wonders  of  Cre- 
ating Power  and  wisdom  continually  extend- 
ing, while  myriads  of  ages  roll  away. 


In  the  preceding  pages  I  have  endeavoured 
to  illustrate  the  doctrine  of  a  plurality  of 
worlds,  from  the  considerations  that  there  are 
bodies  in  the  planetary  system  of  such  mag- 
nitudes as  to  afford  ample  scope  for  myriads 
of  inhabitants ;  that  there  is  a  general  simi- 
larity among  all  the  bodies  of  the  system, 
which  affords  a  presumptive  evidence  that 
they  are  intended  to  subserve  the  same  ulti- 
mate designs ;  that,  connected  with  the  planets, 
there  are  special  arrangements  which  indicate 
their  adaptation  to  the  enjoyment  of  sensitive 
and  intellectual  beings ;  that  the  scenery  of  the 
heavens,  as  viewed  from  the  surfaces  of  the 
larger  planets  and  their  satellites,  forms  a 
presumptive  proof  of  the  same  position ;  and 
that  the  fact  that  every  part  of  nature  in  our 
world  is  destined  to  the  support  of  animated 
beings,  affords  a  powerful  argument  in  support 
of  this  doctrine.  These  arguments,  when 
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viewed  in  all  their  bearings,  and  in  connexion 
with  the  wisdom  and  benevolence  of  the  Di- 
vine Being,  may  be  considered  as  amounting 
to  moral  demonstrations  that  the  planets  and 
their  satellites,  as  well  as  other  departments 
of  the  univetse,  are  the  abodes  of  sensitive  and 
intelligent  natures.  These,  however,  are  not 
all  the  considerations  or  arguments  which 
might  be  brought  forward  in  proof  of  this 
position.  Many  others,  founded  on  a  con- 
sideration of  the  nature  and  relations  of  things, 
and  the  attributes  of  the  Divinity,  and  par- 
ticularly some  powerful  arguments  derived 
from  the  records  of  Revelation,  might  have 
been  stated  and  particularly  illustrated.  But 
I  shall  leave  the  further  consideration  of  this 
topic  to  another  volume,  in  which  we  shall 
take  a  survey  of  the  scenery  of  the  starry 
firmament,  and  of  other  objects  connected  with 
the  science  of  the  heavens. 

On  the  whole,  the  doctrine  of  a  plurality 
of  worlds  is  a  subject  of  considerable  import- 
ance, and  in  which  every  rational  being,  who 
is  convinced  of  his  immortal  destination,  is 
deeply  interested.  It  opens  to  our  view  a 
boundless  prospect  of  knowledge  and  felicity 
beyond  the  limits  of  the  present  world,  and 
displays  the  ineffable  grandeur  of  the  Divinity, 
the  magnificence  of  his  empire,  and  the  har- 
monious operation  of  his  infinite  perfections. 
Without  taking  this  doctrine  into  account,  we 
can  form  no  consistent  views  of  the  character 
of  Omnipotence  and  of  the  arrangements 
which  exist  in  the  universe.  Both  his  wis- 
dom and  his  goodness  might  be  called  in 
question,  and  an  idea  of  the  Supreme  Ruler 
presented  altogether  different  from  what  is 
exhibited  by  the  inspired  writers  in  the  records 
of  Revelation.  When,  therefore,  we  lift  our 
eyes  to  the  heavens,  and  contemplate  the 
mighty  globes  which  roll  around  us ;  when 
we  consider  that  their  motions  are  governed 
by  the  same  common  laws,  and  that  they  are 
so  constructed  as  to  furnish  accommodation 
for  myriads  of  perceptive  existence,  we  ought 
always  to  view  them  as  the  abodes  of  intelli- 
gence and  the  theatres  of  Divine  Wisdom  on 
which  the  Creator  displays  his  boundless  be- 
neficence; for  "his  tender  mercies,"  or  the 
emanations  of  his  goodness,  "  are  diffused  over 
all  his  works."  Such  views  alone  can  solve 
a  thousand  doubts  which  may  arise  in  our 
minds,  and  free  us  from  a  thousand  absurdities 
which  we  must  otherwise  entertain  respecting 
the  Great  Sovereign  of  the  universe.  With- 
out adopting  such  views,  the  science  of  the 
heavens  becomes  a  comparatively  barren  and 
uninteresting  study,  and  the  splendour  of  the 
nocturnal  sky  conveys  no  ideas  of  true  sub- 
limity and  grandeur,  nor  is  it  calculated  to 
inspire  the  soul  with  sentiments  of  love  and 
adoration.  In  short,  there  appears  to  be  no 
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medium  between  remaining  in  ignorance  of  cognized,  the  bodies  in  the  heavens  become 

all  the  wonders  of  Power  and  Wisdom  which  the  noblest  objects  of  human  contemplation, 

appear  in  the  heavens,  and  acquiescing  in  the  the  Deity  appears  invested  with  a  character 

general  views  we  have  attempted  to  illustrate  truly  amiable  and  sublime,  and  a  prospect  is 

respecting  the  economy  of  the  planets,  and  opened  to  immortal  beings  of  a  perpetual  in- 

their  destination  as  the  abodes  of  reason  and  crease  of  knowledge  and  felicity,  throughout 

intelligence.     But,  when  such  views  are  re-  all  the  revolutions  of  an  interminable  existence. 
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PHENOMENA     OF    THE     PLANETS 
FOR  THE  YEARS  1838,  1839. 

FOR  the  sake  of  those  readers  who  may 
feel  a  desire  occasionally  to  contemplate  the 
heavens  and  to  trace  the  motions  of  the  pla- 
netary orbs,  the  following  sketches  are  given 
of  the  positions  and  motions  of  the  planets  for 
two  years  posterior  to  1837. 


POSITIONS,  ETC.,  OT  THE  PLACETS  FOR  1838. 

1.  The  Planet  Mercury. 

This  planet  can  be  seen  distinctly  by  the 
naked  eye  only  about  the  time  of  its  greatest 
elongation ;  and  to  those  who  reside  in  north- 
ern latitudes  it  will  scarcely  be  visible,  even  at 
such  periods,  if  it  be  near  the  utmost  point  of 
its  southern  declination. 

The  following  are  the  periods  of  its  greatest 
elongation  for  1838:  January  the  3d  it  is  at 
its  eastern  elongation,  when  it  is  19£  degrees 
east  from  the  sun,  and  will  be  seen  in  the 
evening  about  thirty  or  forty  minutes  after 
sunset,  near  the  south-west,  at  a  little  distance 
from  the  point  where  the  sun  went  down^ 
But  as  it  is  then  in  20°  41'  of  south  declina- 
tion, its  position  is  not  the  most  favourable 
for  observation.  Its  next  greatest  elongation 
is  on  February  12,  when  it  is  26°  10'  to  the 
went  of  the  sun,  and  will  be  seen  in  the  morn- 
ing, before  sunrise,  near  the  south-eastern 
quarter  of  the  horizon.  April  25  it  will  again 
be  seen  in  the  evening  at  its  eastern  elonga- 
tion, 20°  20'  east  of  the  sun,  when  it  is  in 
21°  43'  of  north  declination.  It  will  be  seen 
at  this  time  about  15  degrees  north  of  the 
western  point  of  the  horizon,  almost  immedi- 
ately above  the  place  where  the  sun  went 
down.  During  five  days  before  and  after  the 
time  now  specified  there  will  be  favourable 
opportunities  for  detecting  Mercury  with  the 


naked  eye  or  with  a  small  opera-glass.  On 
June  12  is  its  greatest  western  elongation,  at 
which  time  it  is  23°  5'  west  of  the  sun,  and 
is  to  be  looked  for  in  the  morning,  before 
sunrise,  near  the  north-eastern  part  of  the  ho- 
rizon ;  but  the  strong  twilight  at  this  season 
will  probably  prevent  it  from  being  distin- 
guished by  the  naked  eye.  Its  next  greatest 
eastern  elongation  is  on  August  23,  when  it 
is  27£  degrees  from  the  sun.  It  will  be  seen, 
for  nearly  an  hour  after  sunset,  a  little  to  the 
south  of  the  western  point  of  the  compass,  and 
a  few  degrees  above  the  horizon.  It  may  be 
seen  during  ten  or  twelve  days  before  the 
period  here  stated,  and  six  or  eight  days  after 
it.  This  will  form  one  of  the  most  favourable 
periods  which  occur  throughout  this  year  for 
observing  Mercury.  October  4  it  will  again 
be  at  its  greatest  western  elongation,  when  it 
will  be  seen  in  the  morning  in  a  direction 
nearly  due  east  December  17  it  is  at  its 
greatest  eastern  elongation,  but  its  southern 
declination  being  then  more  than  24  degrees,  it 
will  set  in  the  S.  W.  by  S.  point  of  the  com- 
pass a  few  minutes  after  the  sun,  and  will 
consequently  be  invisible  to  the  naked  eye. 

The  periods  most  favourable  for  detecting 
this  planet  in  the  evenings  are  April  25  and 
August  23 ;  and  in  the  mornings,  February 
12  and  October  4.  During  the  interval  of  a 
week  or  ten  days,  both  before  and  after  the 
time  of  the  greatest  elongation,  the  planet  may 
generally  be  seen  in  a  clear  sky,  when  in  such 
favourable  positions  as  those  now  stated. 


2.  The  Planet  Venus. 

This  planet  will  appear  as  an  evening  star 
during  the  months  of  January  and  February. 
About  the  beginning  of  January  it  will  be 
seen  near  the  south-west  quarter  of  the  hea- 
vens a  few  minutes  after  sunset.  About  the 
beginning  of  February  it  will  set  nearly  due 
west  It  will  be  visible  in  the  evening  till 
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about  the  25th  of  February,  after  which  its 
nearness  to  the  sun  will  prevent  it  from  being 
distinguished.  Throughout  the  whole  of  its 
course  during  these  two  months  it  will  appear 
of  the  figure  of  a  crescent  when  viewed  with 
a  telescope,  and  the  crescent  will  appear  most 
slender  about  the  end  of  February  (see  Fig. 
12,  p.  38.)  On  March  5  it  passes  its  inferior 
conjunction  with  the  sun,  after  which  it  will 
be  no  longer  seen  in  the  evenings  for  the  space 
of  ten  months.  It  then  becomes  a  morning 
star;  and,  about  eight  days  after  its  conjunc- 
tion, will  be  seen  in  the  morning,  before  sun- 
rise, a  little  to  the  south  of  the  eastern  point 
of  the  horizon.  From  this  period  till  near  the 
middle  of  May  it  will  appear  of  a  crescent 
form.  Its  greatest  brilliancy  will  be  on  April 
10 ;  its  greatest  elongation  from  the  sun  on 
May  14,  when  it  will  appear  of  nearly  the 
form  of  a  half  moon,  and  its  superior  con- 
junction on  December  18,  soon  after  which  it 
will  again  .be  seen  as  an  evening  star. 

The  brilliancy  of  this  planet  is  such  that  it 
can  scarcely  be  mistaken  by  any  observer, 
especially  when  its  position  in  the  heavens  is 
pointed  out. 

3.  The  Planet  Mars. 

This  planet  will  not  be  much  noticed  by 
common  observers  till  near  the  end  of  the  year. 
About  the  beginning  of  March  it  is  in  conjunc- 
tion with  the  sun,  when  it  is  furthest  from  the 
earth,  about  a  month  or  two  before  and  after 
which  period  it  is  scarcely  distinguishable  from 
a  small  star.  From  April  to  December  it  will 
be  visible  only  in  the  morning,  in  an  easterly 
direction  ;  but  its  apparent  size  will  gradually 
increase  till  the  end  of  the  year.  It  is  distin- 
guished from  the  fixed  stars  and  from  the  other 
planets  by  its  ruddy  appearance. 

4.  The  Planets   Vesta,  Juno,   Ceres,  and 
Pallas. 

These  planets  are  not  perceptible  by  the 
naked  eye.  The  best  time  for  observing  them 
with  telescopes  is  when  they  are  at  or  near 
the  period  of  their  opposition  to  the  sun,  when 
they  are  nearest  the  earth,  and  even  then  it 
will  be  difficult  to  detect  them  without  the  as- 
sistance of  transit  or  equatorial  instruments. 

Vesta  will  be  in  opposition  to  the  sun  on 
the  29th  December,  its  right  ascension  being 
6h  31'  47",  and  its  declination  22°  4£'  north. 
At  midnight  it  will  be  due  south,  at  an  eleva- 
tion of  60  degrees  above  the  horizon,  in  the 
latitude  of  52  degrees  north,  about  15  degrees 
to  the  south-west  of  the  star  Pollux,  and  7$ 
degrees  north  of  Gamma  Gemini. 

Juno  is  in  opposition  on  the  17th  June,  in 
(520) 


right  ascension  17h46£',  and  south  declina 
tion  4£°.  It  will  be  on  the  meridian  at  mid- 
night,  at  an  elevation  of  33£  degrees  above 
the  southern  horizon.  • 

Neither  Ceres  nor  Pallas  will  be  in  opposi- 
tion to  the  sun  during  this  year. 

5.  The  Planet  Jupiter. 

This  planet  will  make  a  very  conspicuous 
appearance  in  the  heavens  during  the  winter 
and  spring  mouths.  About  the  beginning  of 
January  it  will  rise,  a  little  to  the  north  of  the 
eastern  point  of  the  horizon,  a  few  minutes 
after  ten  o'clock  in  the  evening,  and  will  pass 
ttye  meridian,  at  an  elevation  of  43 £  degrees, 
about  half  past  four  in  the  morning.  About 
the  middle  of  February  it  will  rise  about  seven 
in  the  evening,  nearly  in  the  same  direction, 
and  will  come  to  the  meridian  about  half  past 
one  in  the  morning.  During  the  months  of 
January  and  February  it  will  be  seen  either 
in  the  evenings  or  the  mornings.  About  the 
middle  of  January  it  will  be  seen,  in  a  south- 
westerly direction,  about  six  o'clock  in  the 
morning.  From  the  beginning  of  March  till 
the  end  of  August  it  will  be  seen  in  the  even- 
ings without  interruption  when  the  sky  is 
clear.  On  the  22d  September  it  is  in  conjunc- 
tion with  the  sun,  but  it  will  seldom  be  noticed 
for  a  month  before  this  period.  During  the 
months  of  November  and  December  it  will  be 
again  seen  in  the  east,  only  in  the  morning, 
some  time  before  the  rising  of  the  sun. 

This  planet  can  scarcely  be  mistaken,  as  it 
is  next  to  Venus  in  apparent  magnitude  and 
splendour.  It  will  appear  most  brilliant  about 
the  beginning  of  March,  when  it  is  in  opposi- 
tion to  the  sun,  and  its  satellites  and  belts  will 
present  an  interesting  sight  when  viewed  with 
a  good  telescope.  At  present  (November  22, 
1837,)  four  belts,  nearly  equidistant  from  each 
other,  are  distinctly  visible  with  a  power  of  200 
times.  Their  appearance  is  very  nearly  simi- 
lar to  what  is  represented  in  Fig.  56,  p.  81, 
so  that  a  considerable  change  has  taken  place 
in  their  appearance  since  last  June,  when  they 
appeared  nearly  as  in  Fig.  52,  p.  77.  At 
that  time  the  middle  belt  was  the  only  one 
easily  perceptible,  while  the  other  two,  at  the 
north  and  south  extremities,  appeared  ex- 
tremely faint  and  obscure.  At  present  all  the 
four  belts  are  distinctly  marked. 

6.  The  Planet  Saturn. 

This  planet  passed  its  conjunction  with  the 
sun  on  the  12th  November,  1837.  From  the 
beginning  of  the  year  till  about  the  middle  of 
April  it  will  be  visible  chiefly  in  the  mornings. 
On  the  first  of  January  it  will  rise  near  the 
south-east,  about  twenty  minutes  past  four  in 
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the  morrJng,  and  will  pass  the  meridian  about 
forty-eight  minutes  past  eight,  at  an  elevation, 
of  21  degrees  above  the  southern  horizon.  On 
the  first  of  April  it  will  rise  at  half  past  ten 
in  the  evening,  and  about  midnight  will  be 
seen  near  the  south-east  about  10  or  12  degrees 
above  the  horizon.  From  this  period  Saturn 
will  be  visible  in  the  evenings  till  near  the 
end  of  October,  rising  every  evening  at  an 
earlier  hour  than  on  the  preceding.  On  the 
1 6th  May  it  is  in  opposition  to  the  sun,  when 
it  will  rise  near  the  south-east  at  half  past 
seven,  and  come  to  the  meridian  at  midnight. 
During  the  months  of  August,  September,  and 
October,  it  will  be  seen  chiefly  in  the  south- 
luest  quarter  of  the  heavens  after  sunset,  at  a 
small  elevation  above  the  horizon.  It  will  be 
very  perceptible  during  September  and  Octo- 
ber, on  account  of  its  low  altitude  at  sunset. 
It  will  be  in  conjunction  with  the  sun  on  the 
24th  November. 

This  planet  is  not  distinguished  for  its  bril- 
liancy to  the  naked  eye,  though  it  exhibits  a 
beautiful  appearance  through  the  telescope.  It 
is  of  a  dull  leaden  colour,  and  is  not  easily 
distinguished  from  a  fixed  star  except  by  the 
steadiness  of  its  light,  never  presenting  a 
twinkling  appearance  as  the  stars  do,  and  from 
which  circumstance  it  may  be  distinguished 
from  neighbouring  stars.  The  best  times  for 
telescopic  observations  on  this  planet  will  be 
in  the  months  of  April  and  May,  when  its 
ring  will  appear  nearly  as  represented  in  Fig. 
63,  p.  91. 

7.  Tfie  Planet  Uranus. 

This  planet  is,  for  the  most  part,  invisible 
to  the  naked  eye.  The  best  time  for  detecting 
it,  by  means  of  a  telescope,  is  when  it  is  at  or 
near  the  period  of  its  opposition  to  the  sun, 
which  happens  on  the  3d  September.  At  that 
time  it  passes  the  meridian  at  midnight,  at  an 
elevation  of  about  30|  degrees  above  the  hori- 
zon. It  is  situated  nearly  in  a  straight  line 
between  the  star  Fomalhaut  on  the  south  and 
Markab  on  the  north,  being  nearly  in  the  mid- 
dle of  the  line,  about  22^  degrees  distant  from 
each.  It  is  in  the  neighbourhood  of  several 
small  telescopic  stars.  On  account  of  its  slow 
motion,  its  position  in  respect  to  the  above 
stars  will  not  be  much  altered  for  a  month  or 
two.  On  the  1st  November  it  passes  the 
meridian  at  eight  o'clock  in,the  evening.  Its 
right  ascension,  or  distance  from  the  first  point 
of  Aries,  is  then  22>>  42',  and  its  declination 
9°  4'  south. 

N.  B. — In  the  above  statements  the  obser- 
ver is  supposed  to  be  in  fifty-two  degrees  north 
latitude.     In  places  a  few  degrees  to  the  north 
or  south  of  this  latitude,  a  certain  allowance 
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must  be  made  for  the  times  of  rising,  and  the 
altitudes  which  are  here  specified.  To  those 
who  reside  in  lower  latitudes  than  fifty-two 
degrees,  the  altitudes  of  the  different  bodies 
will  be  higher,  and  to  those  in  higher  latitudes 
the  altitudes  above  the  horizon  will  be  lower 
than  what  is  here  stated. 


PHENOMENA  OF  THE  PLANE1S 
FOR  1839. 

1.  Mercury. 

THE  greatest  western  elongation  of  this 
planet  happens  on  the  26th  of  January,  when 
it  is  24°  50'  west  of  the  sun.  It  will  be  seen 
near  the  south-east  a  little  before  seven  in  the 
morning.  On  the  seventh  of  April,  and  a 
few  days  before  and  after  it,  it  will  be  seen  in 
the  evening  in  a  direction  west  by  north.  On 
the  24th  of  May  it  will  be  seen  in  the  morn- 
ing, in  a  direction  a  little  to  the  north  of  the 
eastern  point,  before  sunrise.  Its  next  elonga- 
tion will  happen  on  the  fifth  of  August,  when 
it  is  twenty-seven  and  one-third  degrees  dis- 
tant from  the  sun.  At  this  period,  and  a 
fortnight  before  and  a  little  after,  it  will  be 
seen  near  the  west  point,  or  a  little  north  of 
it,  about  nine  o'clock  in  the  evening  or  a  few 
minutes  before  it.  This  will  be  a  favourable 
opportunity  for  distinguishing  this  planet  with 
the  naked  eye.  It  will  be  again  seen  in  the 
morning,  about  five  o'clock,  a  little  to  the  north 
of  the  east  point,  on  September  1 8.  Its  next 
greatest  elongation  will  be  on  the  30th  of  No- 
vember, when  it  will  appear  in  a  direction 
south-west  by  south  about  the  time  of  sunset. 
This  will  be  a  very  unfavourable  position  for 
attempting  to  distinguish  Mercury.  It  passes 
its  inferior  conjunction  with  the  sun  on  the 
18th  December. 

2.  Venus. 

This  planet  will  be  an  evening  star  from 
the  beginning  of  the  year  till  6th  October, 
when  it  passes  its  inferior  conjunction  with  the 
sun.  It  will  not,  however,  be  much  noticed 
till  about  the  beginning  of  March,  on  account 
of  its  nearness  to  the  sun  and  its  southern 
declination.  It  will  appear  most  brilliant 
during  the  months  of  May,  June,  July,  Au- 
gust, and  beginning  of  September,  when  it 
will  be  seen  at  a  considerable  elevation  in 
the  western  and  north-western  quarter  of  the 
heavens  a  few  minutes  after  sunset.  About 
the  middle  of  October,  or  a  few  days  before,  it 
will  appear  as  a  morning  star  near  the  south- 
eastern quarter  of  the  sky,  and  will  continue 
as  a  morning  star  till  near  the  end  of  the  year. 
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3.  Mars. 

During  the  months  of  February,  March,  and 
April,  this  planet  will  appear  in  its  greatest 
lustre.  It  will  be  in  opposition  to  the  sun  on 
the  12th  March,  at  which  period  it  is  nearest 
to  the  earth,  and  will  appear  twenty-five  times 
larger  in  surface  than  in  the  opposite  part  of 
its  orbit.  At  this  period  it  will  rise  about  half 
past  five  in  the  evening,  a  little  to  the  north  of 
the  east  point,  and  will  come  to  the  meridian 
at  midnight,  at  an  altitude  of  forty-five  de- 
grees. It  will  be  easily  distinguished  from 
the  neighbouring  stars  by  its  size  and  its  ruddy 
appearance.  At  this  time  the  planet  Jupiter 
will  appear  in  a  direction  about  twenty-two 
degrees  south-east  of  Mars.  From  the  month 
of  May  till  the  end  of  the  year  Mars  will  be 
visible  in  the  evenings,  but  its  apparent  size 
will  be  gradually  diminishing,  and,  on  account 
of  its  southern  declination,  will  not  be  much 
noticed  after  the  month  of  September.  On  the 
19th  July,  at  forty-six  minutes  past  nine 
o'clock  in  the  evening,  Mars  and  Jupiter  will 
he  in  conjunction,  at  which  time  Mars  will  be 
one  degree  and  a  half  to  the  south  of  Jupiter. 
They  will  then  be  seen  near  the  western 
point,  at  a  small  elevation  above  the  horizon. 

4.  Vesta,  Juno,  Ceres,  and  Pallas. 

Juno  arrives  at  its  opposition  to  the  sun  on 
the  12th  October,  at  I*  32'  P.M.  It  passes 
the  meridian  at  midnight,  or  at  12h  2£',  at  an 
altitude  of  34°  21',  and  is  then  about  twelve 
degrees  west  of  the  star  Mira.  Declination 
3°  39'  south,  and  right  ascension,  lh  26'. 

Pallas  is  in  opposition  to  the  sun  April  1, 
at  7h  10'  A.M.  Right  ascension  13h  12' 42". 
Declination  14°  21'  north.  It  passes  the  me- 
ridian at  midnight,  at  an  elevation  of  52°  22'. 
It  will  then  be  about  fourteen  degrees  south- 
west from  the  bright  star  Arcturus. 

Ceres  is  in  opposition  April  6,  at  7'1  8' 
P.M.  Right  ascension  13">  23'  40".  Decli- 
nation 7°  54'  north.  It  passes  the  meridian 
at  midnight,  at  an  altitude  of  nearly  forty-six 
degrees.  It  will  then  be  seen,  by  means  of  a 
telescope,  at  about  twelve  degrees  south-west 
from  Arcturus. 

The  planet  Vesta  is  not  in  opposition  to  the 
sun  this  year. 

5.  Jupiter. 

During  the  months  of  January  and  Febru- 
ary this  planet  will  be  chiefly  seen  in  the 
morning.  On  the  12th  January  it  rises  about 
midnight,  a  little  to  the  south  of  the  eastern 
point  of  the  horizon,  and  comes  to  the  meri- 
dian at  forty  minutes  past  five  in  the  morning, 
at  an  altitude  of  about  thirty-two  degrees.  On 
the  12th  March  it  rises  at  eight  in  the  evening, 
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and  will  be  seen  near  the  south-east  part  of  the 
heavens  about  eleven  and  twelve  o'clock, 
P.M.  On  the  3d  April,  it  is  in  opposition  to 
the  sun.  when  it  rises  about  half  past  six, 
P.M.,  and  comes  to  the  meridian  about  mid- 
night. From  this  period  it  will  form  a  con- 
spicuous object  in  the  evening  sky  till  near  the 
end  of  September.  It  arrives  at  its  conjunc- 
tion with  the  sun  on  the  22d  October,  after 
which  it  will  be  seen  only  in  the  morning 
throughout  the  month  of  December  and  the 
latter  part  of  November.  On  the  20th  March, 
at  one  o'clock  in  the  morning,  all  the  satellites 
of  Jupiter  will  appear  on  the  east,  or  right 
hand  side  of  the  planet,  in  the  order  of  their 
distances  from  Jupiter.  The  same  phenome- 
non will  happen  on  August  1,  at  forty-five 
minutes  past  eight,  and  20th  September,  at 
7"  P.M. 

6.  Saturn. 

This  planet  will  be  visible  only  in  the  morn- 
ing during  the  months  of  January,  February, 
and  March,  and  will  then  be  seen  towards  the 
southern  and  south-eastern  parts  of  the  sky. 
On  the  first  of  February  it  will  rise,  about 
half  past  two  in  the  morning,  near  the  south- 
east, and  will  come  to  the  meridian  at  forty- 
nine  minutes  past  seven,  at  an  elevation  of 
eighteen  degrees  above  the  horizon.  On  the 
first  of  April  it  will  rise  at  forty-two  minutes 
past  eleven  in  the  evening,  and  will  pass  the 
meridian  a  few  minutes  before  four  in  the 
morning.  It  will  be  in  opposition  to  the  sun 
on  the  29th  May,  when  it  will  rise  in  the 
south-east  at  forty-five  minutes  past  seven 
P.M.,  and  will  pass  the  meridian  at  midnight, 
at  an  altitude  of  eighteen  and  a  half  degrees 
above  the  southern  point  of  the  horizon.  This 
will  be  a  favourable  opportunity  for  viewing 
its  ring  with  good  telescopes,  when  it  will  ap- 
pear nearly  in  its  full  extent,  as  represented 
Fig.  65,  p.  91.  From  this  period  Saturn 
will  generally  be  visible  in  the  evening  till 
about  the  end  of  October,  when  its  low  alti- 
tude and  its  proximity  to  the  sun,  will  pre- 
vent its  being  distinguished  by  the  naked  eye. 
About  the  middle  of  August,  at  nine  o'clock 
in  the  evening,  it  will  be  seen  near  the  south- 
west at  a  small  elevation  above  the  horizon. 
It  will  be  in  conjunction  with  the  sun  on  the 
fifth  December,  after  which  it  will  be  invisible 
to  the  naked  eye  till  the  beginning  of  1840. 

7.  Uranus. 

This  planet  will  be  in  opposition  to  the 
sun  on  the  7th  of  September,  at  30  minutea 
past  seven  in  the  evening.  Right  ascension 
23"  4',  or  346°  east  from  the  point  of  Aries, 
reckoned  on  the  equator.  South  declination 
6°  52£'.  It  will  come  to  the  meridian  at 
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midnight  at  an  elevation  of  31°  8'  above  the  form  common  observers  as  to  the  seasons  of 

horizon.     At  this  time  it  is  in  the  immediate  the  year  when  the  different  planets  may  be 

vicinity  of  the  star  Phi,  Aquarii.     On  the  seen,  and  the  quarters  of  the  heavens  to  which 

25th  of  August,  at  20  minutes  past  one  in  the  they  are  to  direct  their  attention  in  order  to 

morning,  it  is  hi  conjunction  with  this  star,  distinguish  them. 

being  only  15',  or  one  quarter  of  a  degree  to  It  may  not  be  improper  to  observe,  that 
the  north  of  it,  at  which  time  the  planet  and  the  planets  in  general  cannot  be  distin- 
the  star,  if  viewed  with  a  telescope  of  mode-  guished  by  the  naked  eye  for  about  a  month 
rate  power,  will  both  appear  in  the  field  of  before  and  after  their  conjunctions  with  the 
view.  The  months  of  August,  September,  Oc-  sun,  except  Venus,  which  may  frequently  be 
tober,  and  November  will  be  the  most  eligible  seen  within  a  week  before  and  after  its  infe- 
periods  for  detecting  this  planet  with  the  tele-  rior  conjunction.  But  this  planet  will  some- 
scope.  On  the  1st  of  November  it  passes  the  times  be  invisible  to  the  naked  eye  for  a 
meridian  at  15  minutes  past  eight  in  the -even-  month  or  two  after  its  superior  conjunction 
ing,  at  an  altitude  of  30£  degrees.  with  the  sun. 

Should  the  above  descriptions  of  celestial 

N.  B. — The  preceding  descriptions  of  pla-  phenomena  prove  acceptable  to  general  read- 

netary  phenomena  are  chiefly  intended  to  in-  ers,  they  may  be  continued  in  future  years. 
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PREFACE. 


THE  favourable  reception  which  the  volume  entitled  "  CELESTIAL  SCENERY"  has 
met  with  from  the  public,  both  in  Britain  and  America,  has  induced  the  Author  to 
extend  his  survey  to  other  sublime  scenes  connected  with  the  science  of  Astronomy 
The  chief  object  of  the  work  alluded  to  was  to  illustrate,  more  fully  than  had  pre- 
viously been  attempted,  the  scenes  connected  with  the  planetary  system.  In  the 
present  volume,  the  Author  has  directed  the  attention  of  his  readers  to  scenery  of  a 
still  more  elevated  and  sublime  description,  connected  with  the  "  Sidereal  Heavens." 
All  the  facts  related  to  this  subject,  which  can  be  considered  as  interesting  to  gene- 
ral readers,  have  been  particularly  detailed,  and  in  such  a  manner  as  to  be  generally 
comprehensible  by  those  who  have  little  knowledge  of  mathematical  science,  or  the 
more  abstruse  parts  of  astronomy. 

In  describing  such  sublime  scenes  as  are  here  unfolded,  the  Author,  as  on  former 
occasions,  has  freely  indulged  in  such  remarks  and  moral  reflections  as  were 
naturally  suggested  by  the  grandeur  of  his  subject ;  and  has  endeavoured  to  lead 
the  minds  of  his  readers  to  the  contemplation  of  the  attributes  and  the  agency  of 
that  Almighty  Being,  by  whom  the  vast  system  of  universal  nature  was  at  first 
brought  into  existence,  and  by  whose  superintending  care  it  is  incessantly  conduct- 
ed in  all  its  movements. 

The  subject  of  a  plurality  of  worlds  has  been  resumed,  and  additional  arguments, 
both  from  reason  and  revelation,  have  been  brought  forward  so  as  to  exhibit  this 
position,  not  merely  as  conjectural  or  highly  probable,  but  as  susceptible  of  moral 
demonstration.  For  the  gratification  of  amateur  observers  possessed  of  telescopes, 
particular  descriptions  have  been  given  of  the  positions  or  some  of  the  more  remark- 
able phenomena  in  the  sidereal  heavens,  that  they  may  be  induced  to  contemplate 
them  with  their  own  eyes.  For  a  similar  reason  the  Author  has  described  the 
various  aspects  of  the  heavens  throughout  the  year,  and  the  position  of  the  planets 
for  1840  and  1841.  As  the  subject  of  comets  was  unavoidably  omitted  in  the  pre- 
ceding volume,  the  author  has  condensed,  in  the  concluding  chapter,  the  greater 
part  of  the  facts  which  have  been  ascertained  respecting  the  nature,  phenomena,  and 
Influence  of  those  anomalous  bodies. 

It  was  originally  intended,  had  the  limits  of  the  present  volume  permitted,  to 
direct  the  attention  of  the  student  to  other  subjects  related  to  the  scenery  of  the 
heavens,  and  to  the  construction  and  application  of  some  of  those  instruments  which 
are  devoted  to  celestial  observations.  Should  the  work  now  published  meet  with 
a  favourable  reception,  the  Author  intends — in  a  smaller  volume  than  the  present — 
to  elucidate  some  of  the  subjects  to  which  he  alludes,  especially  the  following  :— 
the  construction  and  use  of  optical  instruments,  particularly  the  reflectipg  and  achro- 
matic telescope,  and  the  equatorial.  As  the  Author  has  performed  A  great  variety 
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of  experiments  in  relation  to  such  instruments,  he  hopes  to  have  it  in  his  power  to 
suggest  some  new  and  useful  hints  in  reference  to  their  construction  and  improve- 
ment. The  doctrine  of  eclipses  and  occultations,  the  precession  of  the  equinoxes, 
&c. — the  construction  of  observatories,  and  the  manner  of  using  astronomical  instru- 
ments,— the  desiderata  in  astronomy,  and  the  means  by  which  the  progress  of  the 
science  may  be  promoted, — the  practical  utility,  physical  and  moral,  of  astronomi- 
cal studies, — their  connexion  with  religion,  and  the  views  they  unfold  of  the  attri- 
butes and  the  empire  of  the  Creator,  with  several  other  correlative  topics,  will  like- 
wise be  the  subject  of  consideration.  The  whole  to  be  illustrated  with  appropriate 
engravings,  many  of  which  will  be  original. 

BROUGHT Y  FERRY,  near  DUNDEE,  \ 
January  24,  1840.  J 
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Iw  a  work  lately  published  under  the  title 
of  "  CELESTIAL  SCENERY,"  I  endeavoured  to 
exhibit  a  pretty  full  display  of  all  the  promi- 
nent facts  connected  with  the  motions,  dis- 
tances, magnitudes,  and  other  phenomena  of 
the  planets,  both  primary  and  secondary,  and 
of  the  observations  and  reasonings  by  which 
they  are  supported.  These  bodies  forming  a 
part  of  the  solar  system  to  which  we  belong, 
and  lying  within  the  limits  of  measurable  dis- 
tance, can  be  more  distinctly  surveyed,  and 
their  magnitudes  and  other  phenomena  more 
accurately  investigated,  than  those  of  the  re- 
moter orbs  of  the  firmament.  Hence,  in  con- 
sequence of  the  accurate  observations  of  mo- 
dern times,  we  can  now  speak  with  a  degree 
of  certainty  and  precision  respecting  their 
order  and  arrangement,  their  periodical  revo- 
lutions, their  distances  from  the  sphere  we 
occupy  and  from  the  centre  of  the  system, 
their  real  bulk,  the  appearance  of  their  sur- 
faces, and  the  objects  which  diversify  their 
respective  firmaments.  But  when  we  pass 
the  boundary  of  the  planetary  system,  and 
attempt  to  explore  the  orbs  which  lie  beyond 
it,  we  have  to  travel,  as  it  were,  through  dark 
and  pathless  regions,  we  have  to  traverse  an 
immense  interval  which  has  hitherto  baffled 
all  the  efforts  of  human  science  and  ingenuity 
to  determine  its  extent.  The  fixed  stars  lie 
completely  beyond  the  dominions  of  the  sun ; 
they  feel  not  his  attractive  influence,  they  re- 
volve not  around  him  as  a  centre,  nor  are 
they  enlightened  by  his  effulgence.  It  fol- 
lows that  our  knowledge  of  those  remote  lu- 
minaries must  be  extremely  imperfect,  and 
our  views  of  the  distant  regions  in  which 
they  are  placed  comparatively  limited  and  ob- 
scure. 

But  notwithstanding  the  immeasurable 
distance  of  the  starry  regions,  and  the  limited 
nature  of  human  vision,  we  are  not  altogether 
ignorant  of  those  remote  and  unexplored  do- 
minions of  Omnipotence,  or  of  the  magnitude 


and  splendour  of  the  bodies  they  contain. 
'The  telescope  has  enabled  us  to  penetrate  the 
vast  spaces  of  the  universe,  and  has  opened  a 
vista  through  which  thousands  of  suns  and 
systems  are  distinctly  beheld,  which  would 
otherwise  have  been  ifor  ever  veiled  from  the 
view  of  mortals.  It  has  extended  the  bound- 
aries of  our  vision  thousands  of  times  beyond 
its  natural  limits,  and  collected  the  scattered 
rays  of  light  from  numerous  distant  orbs, 
which,  without  its  assistance,  would  never 
have  entered  our  eyes.  It  has  served  the 
purpose  of  a  celestial  vehicle  to  carry  us  to- 
wards the  heavens,  and  has  produced  the  same 
effect  on  our  visual  powers  as  if  we  had  been 
actually  transported  thousands  of  millions  of 
miles  nearer  the  unexplored  territories  of  cre- 
ation. Guided  by  this  noble  instrument, 
scenes  and  objects  have  been  disclosed  to  view 
of  which  former  generations  could  form  no 
conception,  and  which  lead  the  reflecting 
mind  to  the  most  elevated  views  of  the  per- 
fections of  the  Deity,  and  to  the  most  expan- 
sive prospects  of  the  grandeur  and  magnificence 
of  his  empire. 

For  a  considerable  period  after  the  true 
system  of  the  world  was  recognized,  astrono- 
mers were  disposed  to  consider  the  stars  as  so 
many  insulated  luminaries,  scattered  almost 
at  random  throughout  the  vast  spaces  of  the 
universe.  Having  engaged  in  no  very  exten- 
sive surveys  of  the  celestial  vault,  and  resting 
contented  with  the  idea  that  the  stars  were 
so  many  suns,  dispersed  in  a  kind  of  magni- 
ficent confusion  through  the  immensity  of 
space,  they  seemed  to  have  formed  no  con- 
ception of  any  specific  difference  in  the  na- 
ture of  these  bodies,  or  of  any  systematic  ar 
rangement  as  existing  among  them.  Hence 
it  happened  that  no  discoveries  of  importance 
were  made  in  the  region  of  the  stars,  from 
the  time  of  Huygens  and  Cassini  till  near 
the  latter  part  of  the  eighteenth  century ;  so 
that  a  whole  century  elapsed  without  mate* 
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rially  enlarging  our  views  of  the  sidereal  hea- 
vens, and  of  the  variety,  order,  and  arrange- 
ment of  the  numerous  bodies  which  every 
portion  of  those  expansive  regions  presents  to 
view.  During  the  last  sixty  or  seventy  years, 
the  attention  of  astronomers  has  been  more 
particularly  directed  to  sidereal  observations ; 
and  among  those  who  have  laboured  with 
success  hi  this  department  of  astronomical 
investigation,  the  late  Sir  William  Herschel 
stands  pre-eminent.  Fired  with  a  noble  zeal 
for  the  improvement  of  his  favourite  science, 
and  for  the  enlargement  of  his  views  of  the 
distant  regions  of  creation,  he  set  to  work 
with  enthusiastic  ardour,  and  constructed  with 
his  own  hands  telescopes  of  a  size  and  mag- 
nifying power  far  superior  to  what  had  ever 
before  been  attempted.  Mounted  on  the  top 
of  his  forty-feet  reflecting  telescope,  he  not 
only  discovered  new  bodies  within  the  limits 
of  the  planetary  system,  but  brought  to  light 
innumerable  phenomena  in  regions  of  the 
firmament  where  the  eye  of  man  had  never 
before  dared  to  penetrate.  He  explored  the 
Milky-way  throughout  all  its  profundities, 
and  found  that  whitish  zone  of  the  heavens 
to  consist  of  a  multitude  of  stars  "  which  no 
man  could  number,"  fifty  thousand  of  them 
having  sometimes  passed  through  the  field  of 
his  telescope  in  the  space  of  an  hour.  During 
the  coldness  and  profound  silence  of  many 
sleepless  nights,  he  surveyed  almost  every 
portion  of  the  celestial  concave,  and  discover- 
ed more  than  two  thousand  nebulx,  or  starry 
systems,  of  various  forms  and  descriptions, 
along  with  multitudes  of  double,  triple,  and 
quadruple  stars  which  had  formerly  been  un- 
known, and  ascertained,  from  the  change  of 
their  relative  positions,  some  of  their  real  mo- 
tions and  periods  of  revolution.  After  more 
than  half  a  century  spent  in  unwearied  obser- 
vations of  the  heavens,  this  illustrious  astro- 
nomer departed  from  this  earthly  scene,  in 
1822,  without  infirmities  and  without  pain, 
in  the  eighty-fourth  year  of  his  age,  leaving 
a  son  to  prosecute  his  labours  endued  with 
virtues  and  talents  worthy  of  his  father,  and 
whose  observations  and  researches  have  al- 
ready enriched  the  science  of  astronomy,  and 
extended  our  views  of  the  sidereal  system. 

This  department  of  astronomical  science 
may  be  considered  as  still  in  its  infancy. 
Years,  and  even  centuries,  must  roll  on,  and 
the  number  of  astronomical  observers  must 
be  increased  a  hundredfold,  before  the  sidereal 
investigations  now  going  forward  can  be 
nearly  completed.  A  more  extensive  know- 
ledge of  the  history  of  the  heavens,  of  the 
bodies  which  lie  hid  in  the  yet  unexplored 
regions  of  space,  and  of  the  changes  and 
diversified  motions  to  which  they  are  subject, 
VB  doubtless  reserved  for  generations  to  come ; 
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and  from  the  attention  which  has  lately  been 
paid  to  this  subject,  and  the  ardour  with  which 
it  is  now  prosecuted  in  different  parts  of  the 
world,  we  have  reason  to  expect  that  new 
scenes  of  divine  wisdom  and  omnipotence 
will  be  gradually  unfolding,  and  new  and  in- 
teresting results  deduced  from  the  nocturnal 
labours  of  those  who  have  devoted  themselves 
to  celestial  investigations.  To  what  extent 
our  knowledge  of  the  objects  of  this  science 
may  yet  reach,  it  is  impossible  for  us  to  anti- 
cipate. The  objects  in  the  heavens  present 
a  scene  which  is  absolutely  boundless, — 
which  all  the  generations  of  men  that  may 
arise  till  the  termination  of  our  terrestrial 
system  will  never  be  able  fully  to  explore ;  a 
scene  which  will  doubtless  engage  the  study 
and  contemplation  of  numerous  orders  of  in- 
tellectual beings  throughout  all  the  revolutions 
of  eternity. 

In  the  following  work,  I  propose  to  give 
only  a  very  condensed  view  of  the  leading 
objects  which  have  been  lately  discovered  in 
the  sidereal  heavens.  The  facts  in  relation 
to  this  subject  will  be  selected  chiefly  from 
the  observations  of  Sir  W.  Herschel,  and  se- 
veral other  astronomers,  and  some  of  them 
from  personal  observation.  Most  of  the  facts 
to  which  I  allude  were  ascertained  by  Sir  W. 
Herschel  by  means  of  telescopes  of  great  size 
and  power,  and  a  considerable  number  of  the 
double  and  triple  stars,  stellar  and  planetary 
nebulae,  and  other  phenomena,  cannot  be  per- 
ceived with  instruments  of  an  ordinary  size. 
Certain  interesting  facts,  too,  particularly  with 
regard  to  the  motions  of  double  stars,  have 
lately  been  brought  to  light  by  the  observa- 
tions of  Sir  John  Herschel,  made  in  the  south- 
ern hemisphere ;  but  the  bodies  to  which  I 
allude  cannot  be  seen  in  the  northern  latitudes 
in  which  we  reside.  A  considerable  portion 
therefore  of  our  information  on  this  subject 
must  necessarily  depend  on  the  observations 
of  the  astronomers  to  whom  I  allude,  and  the 
statements  they  have  published  to  the  world ; 
but  these  observations  have,  for  the  most  part, 
been  abundantly  verified  by  other  observers. 

It  shall  be  our  endeavour  to  state  the  pro- 
minent facts  connected  with  the  sidereal  hea- 
vens in  as  plain  and  perspicuous  a  manner  as 
possible ;  and  while  it  forms  no  part  of  our 
plan  to  frame  hypotheses,  or  launch  out  into 
theoretical  disquisitions,  we  shall  offer  those 
remarks,  and  freely  indulge  in  those  moral 
reflections,  which  the  contemplation  of  such 
august  objects  are  calculated  to  suggest.  The 
scenes  we  intend  to  exhibit  are  not  only  the 
workmanship  of  God,  but  display  the  glory 
of  his  attributes  and  the  magnificence  of  his 
empire  in  a  degree,  and  upon  a  scale,  far  sur- 
passing what  can  be  seen  in  any  other  de- 
partment of  creation:  and  therefore,  in  al 
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our  surveys  of  those  grand  and  multifarious  emotions  which  may  inspire  us  with  reverence 

objects,  we  ought  invariably  to  connect  our  and  adoration  of  that  glorious  and  incompre- 

views  and  investigations  with  the  supreme  hensible  Being  "  by  whom  the  worlds  were 

agency  of  Him  who  brought  them  into  exist-  framed,"  "who  created  all  things,  and  for 

ence,  and  to  cherish  those  sentiments   and  whose  pleasure  they  are  and  were  created." 


CHAPTER  I. 

General  View  of  the  Starry  Heavens,  with  representations  of  detatched  portions  of 

the  Firmament. 


IF  we  could  suppose  a  community  of  ra- 
tional beings  to  have  lived  for  ages  in  some 
subterraneous  grottoes  far  beneath  the  surface 
of  the  earth,  and  never  to  have  visited  the 
exterior  portions  of  our  globe,  their  ideas 
must  have  been  extremely  circumscribed,  and 
their  enjoyments  extremely  imperfect,  even 
although  they  had  been  furnished  with  every 
thing  requisite  for  their  animal  subsistence. 
Could  we  imagine  that  such  beings  were  all 
at  once  transported  to  the  surface  of  the  earth, 
with  what  astonishment  and  wonder  would 
they  be  seized  when  they  beheld  the  expan- 
sive landscape  of  the  world,  the  lofty  moun- 
tains towering  to  the  clouds, — the  hills 
crowned  with  magnificent  forests, — the  plains 
stretching  to  the  boundaries  of  the  horizon, 
and  adorned  with  colours  of  every  shade, — • 
the  expansive  lake,  like  a  magnificent  mirror, 
embosomed  among  the  hills, — the  rivers  roll- 
ing their  watery  treasures  towards  the  ocean, 
— and  the  sun  in  the  firmament  revolving 
around  the  circuit  of  the  sky,  diffusing  his 
light  and  heat  on  every  surrounding  object ! 
Above  all,  with  what  emotions  of  admiration 
would  they  be  filled  when  they  beheld  the 
solar  globe  descending  below  the  western 
horizon,  and  soon  after  the  moon  displaying 
her  silver  crescent  in  the  sky,  and  the  stars, 
one  after  another,  emerging  from  the  blue 
ethereal,  till  the  whole  celestial  concave  ap- 
peared all  over  spangled  with  a  thousand 
shining  orbs,  emitting  their  radiance  from 
every  part  of  the  cope  of  heaven,  and  all 
moving,  with  an  apparently  slow  and  silent 
motion,  along  the  spaces  of  the  firmament ! 
Such  expansive  and  novel  scenes  would  un- 
doubtedly overwhelm  the  faculties  of  such 
beings  with  astonishment,  and  transport,  and 
wonder  inexpressible. 

We  are  placed,  perhaps,  in  a  situation 
nearly  similar  in  regard  to  the  remote  regions 
of  the  universe,  as  the  beings  we  have  sup- 
posed were  situated  with  respect  to  the  am- 
ple prospects  we  enjoy  on  the  surface  of  our 
globe.  Were  such  beings,  from  their  subter- 
ranean abodes,  to  look  through  a  narrow  fun- 
nel which  presented  them  with  a  feeble 
glimpse  of  our  upper  world,  and  of  a  portion 


of  the  sky,  the  view  thus  obtained  would 
somewhat  resemble  the  partial  glimpse  we 
have  yet  acquired  of  the  splendour  and  sub- 
limities of  the  distant  universe  ;  and  were  we 
transported  to  those  far  distant  scenes,  which 
appear  through  our  telescopes  only  like  dim 
specks  of  light,  we  should,  doubtless,  be  as 
much  overpowered  with  astonishment  and 
wonder  at  the  magnificent  scenes  which 
would  open  to  our  view,  as  our  supposed  sub- 
terraneous inhabitants  could  be  at  the  am- 
plitude and  grandeur  of  our  terrestrial  abode. 

In  our  present  habitation  we  are  confined 
to  a  mere  point  in  the  infinity  of  space.  A  mple 
as  our  prospects  are,  it  is  not  improbable  that 
the  views  we  have  already  attained  bear  a 
less  proportion  to  the  whole  immensity  of 
creation  than  the  limited  range  of  a  microscopic 
animalcule  bears  to  the  wide  expanse  of  the 
ocean.  What  is  seen  by  human  eyes,  even 
when  assisted  by  the  most  powerful  instru- 
ments, may  be  as  nothing  when  compared  to 
what  is  unseen  and  placed  for  ever  beyond 
the  view  of  mortals.  Since  the  heavens  first 
began  to  be  contemplated,  our  views  have 
been  carried  thousands  of  times  further  into 
the  regions  of  space  than  the  unassisted  eye 
could  enable  us  to  penetrate ;  and  at  every 
stage  of  improvement  in  optical  instruments 
our  prospects  have  been  still  further  extended, 
new  objects  and  new  regions  of  creation  have 
appeared  rising  to  view,  in  boundless  per- 
spective, in  every  direction,  without  the  least 
indication  of  a  boundary  to  the  operations  of 
Omnipotence ;  leaving  us  no  room  to  doubt 
that  all  we  have  hitherto  discovered  is  but  a 
small  and  inconsiderable  part  of  the  length 
and  breadth,  and  the  height  and  depth  of 
immensity.  We  may  suppose,  without  the 
least  degree  of  improbability  or  extravagance, 
that,  were  the  whole  of  the  visible  system  of 
creation  annihilated,  though  it  would  leave  a 
void  immeasurable  and  incomprehensible  by 
mortals,  it  would  appear  to  the  eye  of  Omni- 
science only  as  an  inconsiderable  blank 
scarcely  discernible  amidst  the  wonders  of 
wisdom  and  omnipotence  with  which  it  u 
surrounded. 

Such  views  and  deductions  have  been  de- 
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rived  from  attentive  surveys  of  the  STABRT 
HEAVENS.  These  heavens  present,  even  to 
the  untutored  observer,  a  sublime  and  elevat- 
ing spectacle.  He  beholds  an  immense  con- 
cave hemisphere,  surrounding  the  earth  in 
every  region,  and  resting,  as  it  were,  upon  the 
circle  of  the  horizon.  Wherever  he  roams 
abroad,  on  the  surface  of  the  land  or  of  the 
ocean,  this  celestial  vault  still  appears  encom- 
passing the  world ;  and  after  travelling 
thousands  of  miles,  it  seems  to  make  no 
nearer  an  approach  than  when  the  journey 
•  commenced.  From  every  quai'ter  of  this 
mighty  arch  numerous  lights  are  displayed, 
moving  onward  in  solemn  silence,  and  calcu- 
lated to  inspire  admiration  and  awe.  Even 
the  rudest  savages  have  been  struck  with  ad- 
miration at  the  view  of  the  nocturnal  heavens, 
and  have  regarded  the  celestial  luminaries 
either  as  the  residences  of  their  gods,  or  the 
arbiters  of  their  future  destinies. 

But  to  minds  enlightened  with  the  disco- 
veries of  science  and  revelation  the  firmament 
presents  a  scene  incomparably  more  magnifi- 
cent and  august.  Its  concave  rises  towards 
immensity,  and  stretches,  on  every  hand,  to 
regions  immeasurable  by  any  finite  intelli- 
gence ;  it  opens  to  the  view  a  glimpse  of  orbs 
of  inconceivable  magnitude  and  grandeur,  and 
arranged  in  multitudes  which  no  man  can 
number,  which  have  diffused  their  radiance 
on  the  earth  during  hundreds  of  generations ; 
it  opens  a  vista  which  carries  our  views  into 
the  regions  of  infinity,  and  exhibits  a  sensi- 
ble display  of  the  immensity  of  space,  and  of 
the  boundless  operations  of  Omnipotence  ;  it 
demonstrates  the  existence  of  an  eternal  and 
incomprehensible  Divinity,  who  presides  in 
all  the  grandeur  of  his  attributes  over  an  un- 
limited empire ;  it  overwhelms  the  contempla- 
tive mind  with  a  display  of  the  riches  of  his 
wisdom  and  the  glories  of  his  OMNIPOTENCE  ; 
it  directs  our  prospects  td  the  regions  of  other 
worlds,  where  ten  thousand  times  ten  thou- 
sands of  intelligences,  of  various  orders,  ex- 
perience the  effects  of  divine  love  and  benefi- 
cence. Amidst  the  silence  and  the  solitude 
of  the  midnight  scene,  it  inspires  the  soul  with 
a  solemn  awe  and  with  reverential  emotions ; 
it  excites  admiration,  astonishment,  and 
wonder  in  every  reflecting  mind,  and  has  a 
tendency  to  enkindle  the  fire  of  devotion,  and 
to  raise  the  affections  to  that  ineffable  Being 
who  presides  in  high  authority  over  all  its 
movements.  While  contemplating,  with  the 
eye  of  intelligence,  this  immeasurable  expanse, 
it  teaches  us  the  littleness  of  man,  and  of  all 
that  earthly  pomp  and  splendour  of  which  he 
is  so  proud  ;  it  shows  us  that  this  world,  with 
all  its  furniture  and  decorations,  is  but  an 
almost  invisible  speck  on  the  great  map  of  the 
universe ;  and  that  our  thoughts  and  affec- 
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tions  ought  to  soar  above  all  its  sinful  pursuits 
and  its  transitory  enjoyments.  In  short,  in 
this  universal  temple,  hung  with  innumerable 
lights,  we  behold,  with  the  eye  of  imagination, 
unnumbered  legions  of  bright  intelligences, 
unseen  by  mortal  eyes,  celebrating  in  ecstatic 
strains,  the  perfections  of  Him  who  is  the 
creator  and  governor  of  all  worlds, — we  are 
carried  forward  to  an  eternity  to  come,  amidst 
whose  scenes  and  revolutions  alone  the  mag- 
nificent objects  it  contains  can  be  contem- 
plated in  all  their  extent  and  grandeur. 

It  is  an  evidence  of  the  depraved  and  gro- 
velling dispositions  of  man  that  the  firmament 
is  so  seldom  contemplated  with  the  eye  of 
reason  and  devotion.  No  other  studies  can 
present  an  assemblage  of  objects  so  wonderful 
and  sublime ;  and  yet,  of  all  the  departments 
of  knowledge  which  are  generally  prosecuted, 
no  one  is  so  little  understood  or  appreciated 
by  the  bulk  of  mankind  as  the  science  of  the 
heavens.  Were  it  more  generally  studied, 
or  its  objects  were  frequently  contemplated, 
it  would  have  a  tendency  to  purify  and  ele- 
vate the  soul,  to  expand  and  ennoble  the  in- 
tellectual faculty,  and  to  supply  interesting 
topics  for  conversation  and  reflection.  The 
objects  in  the  heavens  are  so  grand,  so  nume- 
rous, so  diversified,  and  so  magnificent,  both 
in  their  size  and  in  the  rapidity  of  their  mo- 
tions, that  there  appears  no  end  to  speculation, 
to  inquiry,  to  conjecture,  to  incessant  admira- 
tion. There  is  ample  room  for  all  the  facul- 
ties of  the  brightest  genius  to  be  employed, 
and  to  expatiate  in  all  their  energy  on  this 
boundless  theme ;  and  were  they  thus  em- 
ployed more  frequently  than  they  arc,  our 
views  of  the  arrangement,  and  the  nature  of 
the  magnificent  globes  of  heaven,  might  be 
rendered  still  more  definite  and  expansive. 

While  contemplating  the  expanse  of  the 
starry  heavens,  the  mind  is  naturally  led  into 
a  boundless  train  of  speculations  and  in- 
quiries. Where  do  these  mighty  heavens 
begin,  and  where  do  they  end  1  Can  imagi- 
nation fathom  their  depth,  or  human  calcula- 
tions and  figures  express  their  extent  ]  Have 
angels  or  archangels  ever  winged  their  flight 
across  the  boundaries  of  the  firmament  1  Can 
the  highest  created  beings  measure  the  dimen- 
sions of  those  heavens,  or  explore  them 
throughout  all  their  departments  1  Is  there  a 
boundary  to  creation  beyond  which  the  ener- 
gies of  Omnipotence  are  unknown,  or  docs  it 
extend  throughout  the  infinity  of  space  1  I«r 
the  immense  fabric  of  the  universe  yet  com- 
pleted, or  is  almighty  power  still  operating 
throughout  the  boundless  dimensions  of  space, 
and  new  creations  still  starting  into  existence  1 
At  what  period  in  duration  did  this  mighty 
fabric  commence,  and  when  will  it  be  com- 
pleted1? Will  a  period  ever  arrive  when 
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the  operations  of  creating  power  shall  cease, 
or  will  they  be  continued  throughout  all  the 
revolutions  of  eternity  1  What  various  orders 
of  intellectual  beings  people  the  vast  regions 
of  the  universe  1  With  what  mental  energies 
and  corporeal  powers  are  they  endowed  ? 
Are  they  confined  to  one  region  of  space,  or 
are  they  invested  with  powers  of  locomotion, 
whicn  enable  them  to  wing  their  flight  from 
world  to  world  1  Are  they  making  rapid  ad- 
vances, from  age  to  age,  in  intellectual  im- 
provement? Has  moral  evil  ever  made 
inroads  into  those  remote  regions  of  creation, 
or  are  all  their  inhabitants  confirmed  in  a 
state  of  innocence  and  bliss  1  Is  their  history 
diversified  by  new  and  wonderful  events,  and 
do  changes  and  revolutions  happen  among 
them  1  Are  all  the  tribes  of  intellectual  na- 
tures throughout  creation  connected  together 
by  certain  relations  and  bonds  of  union,  and 
will  a  period  ever  arrive  in  the  future  revolu- 
tions of  eternity  when  they  shall  have  had  an 
intimate  correspondence  with  one  another  1 
These,  and  hundreds  of  similar  inquiries,  are 
naturally  suggested  by  serious  contemplations 
of  the  objects  connected  with  the  starry 
heavens,  and  they  have  a  tendency  to  lead 
the  mind  to  sublime  and  interesting  trains 
of  thought  and  reflection,  and  to  afford 
scope  for  the  noblest  energies  of  the  human 
soul. 

But  leaving  such  reflections,  in  the  mean 
time,  let  us  now  take  a  general  view  of  the 
starry  heavens  as  they  appear  to  the  eye  of  a 
common  spectator. 

When  an  untutored  observer  attempts  to 
take  a  serious  survey  of  the  starry  firmament 
for  the  first  time,  he  is  apt  to  be  bewildered 
at  the  idea  of  the  immense  multitude  of  stars 
which  seem  to  present  themselves  in  every 
part  of  the  sky,  and  the  apparent  confusion 
with  which  they  seern  to  be  arranged.  He  is 
apt  to  think  that  they  are  absolutely  innumer- 
able, and  that  all  attempts  to  enumerate  or  to 
classify  them  would  be  in  vain.  There  is 
something  so  magnificent  and  overpowering 
in  a  cursory  view  of  a  clear  starry  sky,  that 
the  mind  shrinks  from  the  idea  of  ever  being 
able  to  form  a  distinct  conception  of  the 
number  and  order  of  those  luminous  orbs,  or 
of  their  distances  and  magnitudes ;  but  the 
genius  and  industry  of  man  have,  in  numer- 
ous instances,  accomplished  what  at  first  view 
appeared  beyond  the  reach  of  the  human 
faculties.  All  the  stars  visible  to  the  naked 
eye  have  been  numbered,  and  their  relative 
positions  determined,  with  as  much  precision 
as  the  longitudes,  latitudes,  and  bearings  of 
places  on  the  surface  of  the  globe ;  and  there 
is  not  a  star  visible  to  the  unassisted  eye, 
but  its  precise  position  can  be  pointed  out, 
not  only  during  the  shades  of  night,  but  even 
68 


during  the  day,  when  the  sun  is  shining  in 
all  its  splendour. 

In  order  to  prevent  confusion  in  our  first 
surveys  of  the  starry  heavens,  let  us  fix  upon 
a  certain  portion  of  the  firmament,  and  the 
more  conspicious  stars  which  lie  in  its  imme- 
diate vicinity.  Let  us  suppose  ourselves  con- 
templating the  heavens  about  the  middle  of 
January,  at  eight  o'clock  in  the  evening,  in 
the  latitude  52°  north.  At  that  time,  if  we 
turn  our  faces  toward  the  south,  we  shall  be- 
hold the  splendid  constellation  of  Orion  a 
little  to  the  east  of  the  meridian,  or  nearly 
approaching  the  south.  This  constellation 
forms  one  of  the  most  striking  and  beautiful 
clusters  of  stars  in  the  heavens,  and  is  gene- 
rally recognized  even  by  common  observers. 
It  is  distinguished  by  four  brilliant  stars  in 
the  form  of  an  oblong,  or  parallelogram  ;  and 
particularly  by  three  bright  stars  in  a  straight 
line  near  the  middle  of  the  square,  or  paral- 
lelogram, which  are  known  by  the  names  of 
"  the  Three  Kings,"  or  the  "  Ell,"  or  "  Yard." 
They  are  also  termed  Orion's  belt ;  and  in 
the  book  of  Job,  "  the  bands  of  Orion ;"  and 
the  space  they  occupy  is  exactly  three  degrees 
in  length.  The  line  passing  through  these 
three  stars  points  to  the  Pleiades,  or  seven 
stars,  on  the  one  side,  and  to  Sirius,  or  the 
Dog  Star,  on  the  other.  The  equinoctial  cir- 
cle passes  through  the  uppermost  of  these 
stars,  which  is  called  Mintika.  They  are 
situated  about  eight  degrees  west  from  the 
solstitial  colure,  or  that  great  circle  which 
passes  through  the  poles  of  the  heavens,  and 
the  first  points  of  Cancer  and  Capricorn,  in 
which  the  sun  is  in  his  greatest  declination 
north  and  south,  which  happens  on  the  21st 
of  June  and  21st  of  December.  There  is  a 
row  of  small  stars  which  run  down  obliquely 
below  the  belt,  and  seem  to  hang  from  it, 
which  is  denominated  the  sword  of  Orion. 
About  the  middle  of  this  row  of  stars  there  is 
perceived,  by  means  of  the  telescope,  one  of 
the  most  remarkable  nebulx  in  the  heavens. 
The  whole  number  of  stars  visible  by  the 
naked  eye  in  this  constellation  has  been  reck- 
oned at  about  78  ;  of  which  two  are  of  the 
first  magnitude — namely,  Rigel,  in  the  left 
foot  on  the  west,  and  Betelguese,  on  the  east 
shoulder.  They  are  connected  by  a  line  drawn 
through  the  uppermost  star  of  the  belt.  There 
are  four  stars  of  the  second  magnitude,  three 
of  the  third,  and  fifteen  of  the  fourth  ;  but 
several  thousands  of  stars  have  been  perceived 
by  good  telescopes  within  the  limits  of  this 
constellation. 

North  by  west  of  Orion  is  the  constellation 
Taurus,  or  the  Bull,  one  of  the  signs  of  the 
zodiac.  The  Pleiades,  or  the  seven  stars,  so 
frequently  alluded  to  both  in  ancient  and 
mordern  times,  form  a  portion  of  this  constella- 
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tion.  At  the  time  now  supposed,  they  are  a 
very  little  beyond  the  meridian  to  the  west, 
and  about  thirty-seven  degrees  north  by  west 
of  the  belt  of  Orion,  at  an  elevation  above  the 
horizon  of  about  sixty-four  degrees.  This 
cluster  was  described  by  the  ancients  as  con- 
sisting of  seven  stars,  but  at  present  only  six 
can  be  distinguished  by  the  naked  eye.  With 
powerful  telescopes,  however,  more  than  200 
stars  have  been  counted  within  the  limits  of 
this  group.  The  Hyades  is  another  cluster, 
situated  about  eleven  degrees  south-east  from 
the  Pleiades,  consisting  chiefly  of  small  stars, 
so  arranged  as  to  form  a  figure  somewhat  like 
the  letter  V.  On  the  left,  at  the  top  of  the 
letter,  is  a  star  of  the  first  magnitude,  named 
Aldebaran,  or  the  Bull's  Eye,  which  is  dis- 
tinguished from  most  of  the  other  stars  by  its 
ruddy  appearance.  This  constellation  is 
situated  between  Perseus  and  Auriga  on  the 
north,  and  has  Gemini  on  the  east,  Aries  on 
the  west,  and  Orion  arid  Eridanus  on  the 
south.  It  consists  of  about  140  stars  visible 
to  the  naked  eye. 

The  constellation  Gemini  is  situated  north- 
east from  Orion,  and  almost  due  east  from  the 
Pleiades,  and  is  one  of  the  signs  of  the  zodiac. 
It  has  Cancer  on  the  east,  Taurus  on  the 
west,  and  the  Lynx,  on  the  north.  The 
orbit  of  the  earth,  or  the  apparent  circle  de- 
scribed by  the  sun  in  his  annual  course, 
passes  through  the  middle  of  this  constellation. 
From  the  21st  of  June  till  the  23d  of  July, 
the  sun  passes  through  this  sign,  but  the  stars 
of  which  it  is  composed  are  then  invisible, 
being  overpowered  by  the  superior  brightness 
of  the  solar  rays.  This  constellation  is  easily 
distinguished  by  two  brilliant  stars,  denomi- 
nated Castor  and  Pollux,  which  are  within 
five  degrees  of  each  other.  Castor,  a  star  of 
the  first  magnitude,  is  the  northernmost  of  the 
two ;  and  Pollux,  a  star  of  the  second  magni- 
tude, is  situated  a  little  to  the  south-east  of  it. 
Castor  is  found  by  the  telescope  to  be  a 
double  star,  the  smaller  one  being  invisible  to 
the  naked  eye  ;  and,  from  a  long  series  of  ob- 
servations, it  is  found  that  the  smaller  star  is 
revolving  around  the  larger  with  a  slow  mo- 
tion, and  that  a  complete  revolution  will 
occupy  more  than  300  years.  About  twenty 
degrees  south-west  of  Castor  and  Pollux  are 
three  small  stars,  nearly  in  a  straight  line, 
and  about  three  or  four  degrees  distant  from 
each  other.  The  southernmost  of  the  three 
lies  nearly  in  a  line  with  Pollux  and  the  star 
Betelguese,  in  the  constellation  of  Orion,  but 
somewhat  nearer  to  Betelguese  than  to  Pol- 
lux. These  stars,  in  the  hieroglyphic  figure 
of  Gemini,  form  the  feet  of  the  twins. 

Directly  south  of  Gemini  is  the  constellation 
of  Canis  Minor,  or  the  Lesser  Dog.  It  is 
situated  about  mid-way  between  Gemini  and 
(638) 


Canis  Major,  or  the  Greater  Dog,  and  has 
Hydra  on  the  east,  and  Orion  on  the  west. 
It  consists  of  only  about  fourteen  stars  visible 
to  the  naked  eye,  the  principal  of  which  is 
Procyon,  a  bright  star  between  the  first  and 
second  magnitude.  It  is  almost  directly  south 
from  Pollux,  arid  distant  from  it  about  twenty- 
four  degrees.  The  next  brightest  star  in  this 
constellation,  which  is  considerably  smaller 
than  Procyon,  is  called  Gomelza,  and  is  situat- 
ed about  four  degrees  north-west  of  Procyon. 

South  by  west  of  Canis  Minor,  at  the  dis- 
tance of  nearly  thirty  degrees,  is  Canis  Major, 
or  the  Greater  Dog.  It  is  south-east  from  the 
belt  of  Orion,  and  due  east  from  the  constella- 
tion of  Lepus,  or  the  Hare,  at  the  distance  of 
ten  degrees.  Canis  Major  is  easily  distinguished 
by  the  brilliancy  of  its  principal  star,  Sirius, 
which  is  apparently  the  largest  and  brightest 
fixed  star  in  the  heavens,  so  that  it  is  gene- 
rally considered  as  one  of  the  nearest  of  these 
distant  orbs,  though  its  distance  from  the  earth 
is  computed  at  not  less  than  twenty  billions 
of  miles;  and  a  cannon  ball,  moving  over 
this  immense  space  at  the  rate  of  nineteen 
miles  a  minute,  would  require  more  than 
two  millions  of  years  before  it  could  reach 
this  distant  orb.  Sirius  is  south  by  east 
of  Betelguese  in  the  left  shoulder  of  Orion,  at 
the  distance  of  twenty-seven  degrees,  and 
south-east  from  the  lower  star  in  the  belt,  at 
the  distance  of  twenty-three  degrees.  A  line 
drawn  through  the  three  stars  which  form  the 
belt,  towards  the  south-east,  leads  the  eye 
directly  to  Sirius,  which,  at  the  period  and 
hour  we  have  stated,  is  about  twelve  degrees 
above  the  south-easterly  point  of  the  horizon ; 
a  line  drawn  from  Betelguese  south-east  to- 
wards Sirius,  and  thence  to  the  north-east 
meets  Procyon  in  Canis  Minor,  and  continued 
nearly  due  west,  it  again  meets  Betelguese, 
so  that  these  three  stars  seem  to  form  a  large 
triangle,  which  is  nearly  equilateral.  Another 
triangle  is  formed  by  drawing  a  line  eastward 
from  Betelguese  to  Procyon,  as  a  base,  from 
Procyon  straight  north  to  Pollux,  and  from 
thence  again  south-west  to  Betelguese,  which 
forms  a  right-angled  triangle,  having  the  right 
angle  at  the  star  Procyon,  and  the  line  ex- 
tending from  Pollux  to  Betelguese'  forms  the 
hypothenuse. 

In  order  to  render  these  descriptions  more 
definite,  I  have  sketched  in  Plate  I.  a  small 
map  of  this  portion  of  the  heavens,  in  which 
the  principal  stars  in  the  constellations  above 
described  are  represented.  The  left-hand 
side  of  this  map  represents  the  east  /  the 
right-hand  side  the  west ;  the  lower  part,  the 
south ;  and  the  upper  part  the  north,  or  higher 
portion  of  the  heavens.  When  used  so  as  to 
compare  it  with  the  real  firmament,  the  ob- 
server is  supposed  to  have  his  face  directed 
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chiefly  to  the  south  and  the  south-eastern 
parts  of  the  sky.  He  may  then  easily  dis- 
tinguish the  principal  stars  laid  down  in  it  by 
the  following  directions  : — A  line  drawn  from 
A  to  B,  at  the  top  of  the  map,  passes  through 
the  star  Castor  in  Gemini,  which  is  near  the 
left-hand  side.  A  line  drawn  from  C  to  D, 
passes  through  Pollux  in  the  same  sign, 
which  is  four  or  five  degrees  to  the  south- 
east of  Castor;  it  likewise  passes  near 
Auriga,  a  star  of  the  second  magnitude,  in 
the  constellation  of  the  Wagoner,  which  is 


represented  near  the  middle  of  the  line 
Almost  directly  north  from  Auriga,  at  the 
distance  of  seventeen  degrees,  is  the  star  Ca- 
pella,  in  the  same  constellation,  which  is  one 
of  the  brightest  stars  in  the  heavens  next  to 
Sirius.  It  is  about  twenty-eight  degrees  north- 
east from  the  Pleiades,  but  is  beyond  the 
northern  limits  of  the  map.  A  line  drawn 
from  E  to  F,  passes  through  Aldebaran,  or 
the  Bull's  Eye,  and  the  Hyades ;  north-west 
of  which  is  the  Pleiades,  or  seven  stars,  near 
the  north-west  part  of  the  map.  A  line  drawn 
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from  G  to  H,  passes  through  the  star  Betet- 
guese,  in  the  east  shoulder  of  Orion  ;  the  line 
from  7  to  K,  passes  through  Bdlatrix,  in  the 
west  shoulder,  a  star  of  the  second  magnitude, 
somewhat  less  brilliant  than  Betelguese,  and 
likewise  passes  through  Procyon,  in  Canis 
Minor,  which  appears  near  the  left  side  of  the 
map  ;  and  the  line  from  L  to  M  passes  through 
the  middle  star  of  Orion's  belt.  The  line 
from  N  to  O  passes  through  Rigel,  in  the 
left  foot  of  Orion,  a  star  of  the  first  magnitude 
fifteen  degrees  south  of  Bellatrix.  The  line 


P  Q  passes  through  Saiph,  a  star  of  the  third 
magnitude,  in  Orion's  right  knee,  eight  and  a 
half  degrees  east  of  Rigcl.  The  two  form  the 
lower  end  of  the  parallelogram  of  Orion.  The 
line  R  S  passes  through  the  star  Sirius,  in 
in  Canis  Major,  which  is  east  by  south  from 
Saiph,  at.  the  distance  of  fifteen  degrees. 
The  small  stars  to  the  west,  or  right,  hand  of 
Sirius  form  a  part  of  the  constellation  of 
Lepus,  or  the  Hare.  A  line  drawn  from  T 
to  U,  from  the  northern  to  the  southern  part 
of  the  map,  will  point  out  the  position  of  the 
C539) 
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stars  here  represented  with  respect  to  the 
meridian,  at  the  time  these  observations  are 
supposed  to  be  made.  The  stars  on  the  right 
of  this  line  are  west  of  the  meridian,  and  all 
those  to  the  left  are  4;o  the  east  of  it. 

By  attending  to  the  above  directions,  and 
comparing  the  delineations  on  the  map  with 
the  heavens,  all  the  stars  and  constellations 
noted  above  may  be\  readily  distinguished. 
The  triangles  formed  by  Betelguese,  Procyon, 
and  Sirius,  and  by  Pollux,  Procyon,  and  Be- 
telguese, will  likewise  be  seen  on  the  map,  as 


formerly  described,  and  may  be  easily  traced 
in  the  heavens.  Although  I  have  fixed  on 
the  middle  of  January,  at  eight  o'clock  in  the 
evening,  for  these  observations,  yet  the  same 
stars  may  be  traced,  at  different  hours,  during 
the  months  of  November,  December,  January, 
February,  and  March.  About  the  middle  of 
November,  at  midnight,  and  the  middle  of 
'December,  at  ten  o'clock,  p.  M.,  this  portion 
of  the  heavens  will  appear  nearly  in  the  same 
position  as  here  represented.  About  the  mid- 
dle of  February,  Orion  will  be  on  the  meri- 
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dian  about  eight  hi  the  evening ;  and  in  the 
month  of  March,  at  the  same  hour,  consider- 
ably to  the  west  of  it ;  but  all  the  adjacent 
stars  and  constellations  may  be  traced  at  this 
time  in  the  manner  already  described.  The 
stars  and  constellations  delineated  on  this  map 
comprehend  a  space  in  the  heavens  extending 
in  breadth,  from  north  to  south,  about  fifty 
degrees — namely,  from  thirty-three  degrees 
of  north  declination  to  seventeen  degrees 
south ;  and  hi  length,  from  west  to  east,  about 
sixty  degrees.  The  equator  runs  through 
(540) 


this  portion  of  the  heavens  in  the  direction  a 
b,  or  nearly  corresponding  to  the  line  L  M, 
so  that  it  passes  yery  near  to  the  upper  star 
in  the  belt  of  Orion.  The  degrees  of  north 
and  south  declination*  from  the  equator  are 
marked  on  the  margin. 

*  The  declination  of  a  heavenly  body  is  its  dis- 
tance north  or  south  from  the  equinoctial,  or 
equator,  and  corresponds  to  latitude  on  the  terra- 
queous globe,  which  is  the  distance  of  a  place 
from  the  equator.  The  latitude  of  a  heavenly  body 
is  its  distance  north  or  south  of  the  ecliptic,  or  ap- 
parent path  of  the  eun,  which  forms  an  angle  of 
3'2j  degrees  with  the  equinoctial 


EXPLANATION  OF  THE  PLANISPHERES. 


17 


Plate  II.  represents  another  portion  of  the 
heavens  as  it  appears  about  the  beginning  of 
September.  It  includes  some  of  the  larger 
stars  belonging  to  the  constellations  Cygnus, 
Lyra,  Cerberus,  Serpentarius,  Aquila,  Her- 
cules, and  Corona  Borealis.  At  ten  o'clock 
in  the  evening  of  the  1st  of  September,  the 
star  Altair,  in  the  constellation  of  Aquila,  or 
the  Eagle,  will  be  nearly  on  the  meridian,  at 
an  elevation  above  the  horizon  of  about  forty- 
six  degrees.  This  star,  which  is  between  the 
first  and  second  magnitude,  is  situated  near 
the  east  or  left-hand  side  of  the  map,  near  the 
bottom,  and  has  a  small  star  to  the  south,  and 
another  to  the  north-west  of  it.  A  line  drawn 
from  T  to  U  passes  through  the  star  Altair, 
and  a  line  from  V  to  W  passes  through  the 
meridian  at  the  hour  supposed. 

The  seven  stars  which  are  nearest  Altair, 
towards  the  south,  and  west,  and  north-west, 
belong  to  the  constellation  of  Aquila.  All 
the  stars  on  the  map  which  are  to  the  right- 
hand  of  Altair,  are  west  of  the  meridian.  A 
line  drawn  from  -X"  to  Y,  near  the  top  of  the 
map,  passes  through  Denib,  a  bright  star  of 
the  second  magnitude  in  the  constellation  of 
Cygnus,  or  the  Swan,  which  is  the  star  next 
the  left-hand  side,  nearly  due  north  from  Al- 
tair, at  the  distance  of  thirty-six  degrees ;  the 
other  four  stars  adjacent  to  it  belong  to  the 
same  constellation.  A  line  drawn  from  A  to 
B  passes  through  the  star  Vega,  or  a  Lyras, 
a  brilliant  star  of  the  first  magnitude  in  the 
constellation  of  the  Harp.  The  six  small 
stars  to  the  south-east  of  it  likewise  belong  to 
this  constellation.  The  stars  on  the  right,  or 
to  the  westward  of  Vega,  belong  chiefly  to 
the  constellation  of  Hercules.  A  line  drawn 
from  C  to  D  passes  through  the  principal  star 
Corona  Borealis,  or  the  Northern  Crown, 
named  Alphacca,  which  is  of  the  third  mag- 
nitude, and  near  the  right-hand  side  of  the 
map.  The  stars  north  and  east  from  it  be- 
long to  the  same  constellation.  West  from 
Alphacca  is  Mirac,  at  the  distance  of  eleven 
degrees ;  and  south-west  of  Mirac,  at  the  dis- 
tance of  ten  degrees,  is  Arcturus,  a  bright 
star  of  the  first  magnitude,  which  is  then 
about  eighteen  degrees  above  the  western  ho- 
rizon. Both  these  stars  are  in  the  constella- 
tion of  Bootes,  but  they  are  not  within  the 
limits  of  the  map.  A  line  drawn  from  F  to 
G  passes  through  Ras  Algethi,  a  star  of  the 
second  magnitude,  and  the  principal  star  in 
the  constellation  of  Hercules,  which  is  twenty- 
five  degrees  south-east  of  Corona  Borealis.  A 
line  from  //"to  /passes  through  Ras  Alhague, 
a  star  of  the  second  magnitude  in  the  head 
of  Serpentarius.  This  star  is  five  degrees 
east  by  south  of  Ras  Algethi.  Most  of  the 
other  stars  to  the  south  and  east  in  the  map 
belong  to  Serpentarius.  Various  other  re- 


markable stars  may  be  seen  at  this  time  be- 
sides those  noted  in  the  map,  particularly  the 
square  of  Pegasus,  or  the  Flying  Horse. 
About  fifty-three  degrees  nearly  east  from 
Altair  is  Markab,  a  star  of  the  second  mag- 
nitude ;  sixteen  and  a  half  degrees  east  of 
Markab  is  Algenib,  another  star  of  the  second 
magnitude ;  fourteen  degrees  north  of  Algenib 
is  Alpheratz,  and  fourteen  degrees  west  of 
Alpheratz  is  Scheat,  both  of  them  stars  of  the 
second  magnitude.  These  four  stars,  of  nearly 
equal  magnitudes,  form  the  Square  of  Pega- 
sus, and  appear  nearly  half-way  between  the 
eastern  horizon  and  the  meridian. 

All  the  stars  alluded  to  above  may  likewise 
be  seen  during  the  months  of  July  and  Au- 
gust, when  they  will  appear  in  a  more  east- 
erly position  than  at  the  time  stated  above ; 
and  in  the  month  of  October,  at  eight  o'clock, 
and  in  November,  at  six  o'clock  in  the  even- 
ing, they  will  be  seen  nearly  in  the  positions 
which  have  been  now  represented. 

Plate  III.  represents  a  view  of  some  of  the 
principal  stars  around  the  pole,  extending 
from  the  polar  point,  in  every  direction,  about 
forty-five  degrees.  In  using  this  map,  the 
observer  is  supposed  to  be  looking  towards 
the  north,  in  which  case,  the  left  hand  side 
of  the  map  is  towards  the  west,  and  the  right 
side  towards  the  east.  The  large  star  near 
the  centre  of  the  map  is  the  Pole-star,  which 
forms  the  tip  of  the  tail  of  Ursa  Minor,  the 
square  of  which,  and  the  two  oth<jr  stars  in 
the  tail,  will  be  seen  ascending  from  it  towards 
the  right  hand,  when  the  map  is  so  placed 
that  the  1st  of  April  is  at  the  top.  There  is 
only  one  star  of  the  first  magnitude  within 
the  limits  of  this  map — namely,  Capella,  the 
principal  star  in  the  constellation  of  Auriga, 
opposite  that  part  of  the  map  where  the  month 
of  December  is  marked.  A  line  drawn  from 
C  to  D  passes  through  this  star,  which  is  ad- 
jacent to  the  extremity  of  the  map.  There 
are  eleven  stars  of  the  second  magnitude ; 
five  in  the  square  and  tail  of  Ursa  Major,  or 
the  Great  Bear — namely  the  two  pointers, 
Dubbe  and  Merak,  Phad,  Alioth,  and  Be.net- 
nach.  The  others  are  Menkalina,  Etanim, 
Rastaban,  Algenib,  Delta  Cygni,  and  the 
Pole-star.  A  line  drawn  from  A  to  B  passes 
through  Dubbe  and  Merok,  and  the  Pole-star 
at  the  centre  of  the  map ;  and  on  the  other 
side  of  the  Pole-star  it  passes  through  a  part 
of  the  constellation  of  Cassiopeia — the  Pole- 
star  being  nearly  equidistant  between  that 
constellation  and  the  pointers.  A  line  drawn 
from  E  to  F  passes  through  Menkalina,  in 
the  constellation  of  Auriga,  about  eight  de- 
grees from  Capella.  A  line  drawn  from  G  to 
H  passes  through  Delta  Cygni,  in  the  Swan, 
which  is  placed  at  the  extremity  of  the  map. 
A  line  from  /  to  K  passes  through  Algenib, 
2Z  (541) 
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the  principal  star  in  the  constellation  of  Per- 
seus. A  line  from  L  to  M  passes  through 
Etanim,  near  the  right-hand  side  of  the  map, 
a  star  of  the  second  magnitude  in  the  con- 
stellation of  Draco,  near  to  which,  at  the  dis- 
tance of  four  or  five  degrees  is  Rastaban,  like- 
wise a  star  of  the  second  magnitude  in  the 
same  constellation.  With  two  other  stars 
they  form  a  kind  of  irregular  square  or  tra- 
pezium, .  and,  with  another  small  star,  they 
form  a  figure  resembling  an  italic  V.  When 
the  star  Etanim  comes  to  the  meridian  of 
London,  it  is  exactly  in  the  zenith  of  that 
place,  which  has  rendered  it  of  peculiar  utility 
in  certain  nice  astronomical  observations.  It 
is  celebrated  in  modern  times  as  being  the 
star  which  Dr.  Bradley  selected  to  determine, 
if  possible,  the  Annual  Parallax ,-  and  from 
his  observations  of  which  he  deduced  the  im- 
portant discovery  of  the  Aberration  of  Light. 
Let  us  now  suppose  that  we  are  to  con- 
template the  northern  part  of  the  heavens 
about  the  beginning  of  April,  at  ten  o'clock 
in  the  evening.  Turning  our  faces  towards 
the  pole-star,  or  directly  north,  and  holding 
that  part  of  the  map  uppermost  which  is  op- 
posite to  the  beginning  of  April,  those  stars 
which  are  marked  on  the  upper  part  of  the 
map  will  appear  not  far  from  the  zenith,  or 
nearly  overhead;  those  towards  the  lower 
part  will  appear  at  a  low  elevation,  not  far 
from  the  horizon ;  those  on  the  right  will  ap- 
pear in  the  east,  and  those  on  the  left  in  the 
west,  at  different  elevations,  are  here  repre- 
sented. The  two  pointers  in  the  Great  Bear, 
which  are  directly  opposite  to  the  1st  of 
April,  will  be  seen  nearly  in  the  zenith,  and 
to  point  downwards  to  the  pole  star ;  and  at 
nearly  an  equal  distance  below  the  pole  star, 
they  direct  the  eye  to  the  constellation  Cas- 
siopeia, which  is  conceived  to  have  a  certain 
resemblance  to  a  chair,  and  which  appears 
only  a  small  distance  above  the  northern  ho- 
rizon. To  the  west  or  left-hand  side  of  Cas- 
siopeia is  the  constellation  Perseus,  of  which 
Algenib  is  the  principal  star,  and  which  is 
likewise  at  a  low  elevation.  To  the  right,  or 
east  side  of  Cassiopeia,  is  Cepheus — four  stars 
of  which,  two  of  the  third  and  two  of  the 
fourth  magnitude,  form  a  kind  of  square,  or 
rhombus.  The  stars  farther  to  the  east,  and 
in  a  more  elevated  position,  belong  chiefly  to 
the  constellation  of  Draco,  or  the  Dragon. 
The  star  Etanim,  in  this  constellation,  ap- 
pears nearly  due  east  of  the  pole  star,  at  the 
distance  of  forty  degrees.  The  stars  on  the 
western  side  of  the  map,  or  on  the  left  hand, 
nearly  opposite  to  Etanim,  belong  to  the  con- 
stellation of  Auriga ;  and  those  on  the  upper 
part  are  chiefly  some  of  the  prominent  stars 
connected  with  the  Great  Bear.  The  bright 
star  Capella  appears  nearly  west  by  south 
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from  the  pole-star,  at  a  pretty  high  elevatioii, 
with  Menkalina  a  little  above  it,  and  to  the 
eastward. 

Besides  the  stars  marked  on  this  map, 
there  may  be  seen,  at  the  same  time,  several 
brilliant  stars  of  the  first  magnitude.  Turn- 
ing the  eye  east  by  south,  the  bright  star 
Arcturus,  in  the  constellation  Bootes,  is  seen 
about  half-way  between  the  horizon  and  the 
zenith.  Looking  to  the  north-east,  the  bril- 
liant star  Vega,  or  Lyra,  appears  elevated 
twenty  degrees  above  the  horizon,  in  a  direc- 
tion nearly  opposite  to  Capella,  in  the  west. 
Farther  to  the  north,  but  not  quite  so  elevated 
as  Lyra,  is  Deneb,  in  the  constellation  of  the 
Swan.  Turning  our  eye  to  the  west,  Castor 
and  Pollux  will  be  seen  about  midway  be- 
tween the  western  horizon  and  zenith  ;  and 
further  down,  near  the  horizon,  almost  due 
west,  are  Betelguese  and  Bellatrix,  the  two 
stars  in  the  shoulders  of  Orion,  Betelguese 
appearing  the  more  elevated  of  the  two,  the 
other  portions  Orion  having  descended  below 
the  horizon,  To  the  south-west,  midway  be- 
tween Pollux  and  the  horizon,  is  Procyon,  a 
star  of  the  first  magnitude  in  the  Lesser 
Dog. 

Suppose,  now,  we  were  to  observe  the 
same  quarter  of  the  heavens,  at  the  same 
hour,  about  the  beginning  of  October.  In 
this  case  we  have  only  to  reverse  the  map,  so 
that  the  first  of  October  may  be  uppermost. 
At  this  season,  Cassiopeia  will  appear  near 
the  zenith,  and  the  two  pointers  of  Ursa  Ma- 
jor will  be  seen  at  the  opposite  side  of  the 
pole,  at  no  great  elevation  above  the  horizon, 
Capella  will  appear  towards  the  east,  on  the 
right,  at  a  considerable  altitude,  and  the  five 
stars  in  the  head  of  Draco  considerably  to  the 
west,  while  Algenib,  and  the  other  stars  in 
Perseus,  will  be  seen  in  a  high  elevation,  to 
the  east  of  Cassiopeia.  At  this  time,  likewise, 
by  turning  our  eyes  towards  the  east  and  the 
south,  Aldebaran,  or  the  Bull's-eye,  in  the 
constellation  Taurus,  will  be  seen  elevated 
about  twelve  degrees  above  the  eastern  hori- 
zon, about  sixteen  degrees  above  which  are 
the  Pleiades,  or  seven  stars.  The  star  Altair 
will  appear  near  the  south-west,  half-way  be- 
tween that  point  and  the  meridian,  and  Fom- 
alhaut,  in  the  Southern  Fish,  will  be  seen 
nearly  on  the  meridian,  only  five  or  six  de- 
grees above  the  south  point  of  the  horizon. 

In  like  manner,  were  we  wishing  to  observe 
the  position  of  the  circumpolar  stars  at  any 
other  hour,  at  this  period,  than  ten  o'clock 
p.  M.,  suppose  at  eight  in  the  evening,  we 
have  only  to  turn  the  line  which  marks  the 
beginning  of  September  uppermost  instead 
of  October,  and  the  position  at  that  hour  will 
be  seen ;  and  if  we  choose  to  make  our  ob- 
servations at  six  in  the  evening  we  turn  the 
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first  of  August  to  the  top,  allowing  two  hours, 
at  an  average,  for  every  month.  If  we  would 
inspect  their  position  at  twelve  midnight,  the 
first  of  November  must  be  turned  round  to 
the  top,  and  so  on  for  any  other  hour.  If  we 
would  make  our  observations  in  the  beginning 
of  January  at  ten  p.  jr.,  that  point  must  be 
turned  to  the  top,  and  then  the  two  pointers 
will  be  seen  on  the  right,  straight  east  of  the 
pole-star,  and  the  other  five  stars  hanging 
down  from  them,  Cassiopeia  nearly  straight 
west,  and  Capella  not  far  from  the  zenith. 
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These  circumpolar  stars  may  therefore  be 
seen  at  every  season  of  the  year,  and  their 
relative  positions  determined  beforehand  by 
simply  turning  round  the  map  to  the  month 
or  day  of  the  month,  required,  so  that  that 
point  may  be  at  the  top;  and  although  the 
months  are  arranged  so  as  to  correspond  with 
ten  o  clock  p.  M.,  yet  the  positions  may  be 
represented  for  any  other  hour,  according  to 
the  directions  given  above. 

The  following  remarks  maybe  stated  in 
reference  to  the  stars  depicted  on  this  map  :_ 


PLATE  III. 

THE  NORTH  CIRCUMPOLAR  STARS. 


1.  All  these  stars  never  set  in  our  latitude, 
but  appear  to  move  round  above  the  horizon 
in  circles  of  which  the  pole  is  the  centre.  As 
the  observer  is  supposed  to  be  in  fifty-two 
degrees  N.  latitude,  all  the  stars  within  52° 
of  the  pole  never  descend  below  the  horizon. 
In  one  part  of  their  diurnal  course  they  appear 
above  the  pole,  and  some  of  them  near  the 
zenith,  and  in  the  opposite  point  they  appear 
below  the  polar  point,  and  sometimes  near 
the  northern  horizon.  2.  In  the  higher  part 


of  their  course  they  appear  to  move  from  east 
to  west,  and  in  the  lower  part  from  west  to 
east.  Those  nearest  the  pole  describe  small 
circles  around  the  polar  point,  and  those  at 
greater  distances  describe  larger  circles ;  but 
their  periods  of  apparent  revolution  are  ex- 
actly the  same — namely,  twenty-three  hours, 
fifty-six  minutes,  and  four  seconds.  3.  The 
stars  represented  in  this  map  are  only  those 
which  are  most  prominent  and  obvious  to  the 
naked  eye,  in  order  to  prevent  confusion,  and 
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that  the  untutored  observer  may  not  be  dis- 
tracted with  too  many  objects  at  one  view. 
They  chiefly  consist  of  stars  of  the  second, 
third,  and  fourth  magnitudes.  4.  In  order 
that  the  observer  may  be  able  readily  to  esti- 
mate the  apparent  distances  of  the  stars  from 
each  other  and  from  the  horizon,  it  may  be 
proper  to  keep  in  mind  that  the  distance  be- 
tween the  two  pointers  is  exactly  five  degrees, 
and  between  Dubbe  (the  nearest  to  the  pole) 
and  the  pole-star,  twenty-nine  degrees.  By 
applying  these  measures  by  the  eye  to  other 
stars,  their  apparent  distances  may  be  very 
nearly  estimated.  5.  Although  I  have  stated, 
in  general  terms,  that  the  pointers  come  to 
the  southern  meridian,  or  are  nearly  in  the 
zenith,  at  ten  p.  M.,  about  the  beginning  of 
April,  yet  it  is  not  before  the  seventh  of  this 
month  that  they  are  accurately  in  this  posi- 
tion at  ten  in  the  evening ;  but  the  difference 
is  not  much  perceptible  by  the  eye  during  the 
course  of  a  week  or  two,  and  therefore  can 
lead  to  no  great  mistake.  6.  If  the  circle  con- 
taining the  stars  were  cut  out,  and  surrounded 
with  the  circle  of  months  and  days,  and  made 
to  revolve  within  the  circle  of  hours,  it  might 
be  made  to  serve  the  purpose  of  an  astronomi- 
cal clock  for  pointing  out  the  hours  of  the 


night,  and  likewise  for  showing  the  positions 
of  the  circumpolar  stars  for  any  hour  of  the 
day  or  night  7.  The  delineations  of  the 
apparent  distances  of  the  stars  on  this  map  are 
on  a  scale  of  only  one-half  the  size  of  that  on 
which  the  two  preceding  map  were  constructed. 
The  three  preceding  views  of  certain  por- 
tions of  the  heavens,  partly  delineated  from 
actual  observation,  are  intended  to  convey  to 
general  observers  a  natural  representation 
of  those  quarters  of  the  firmament  to  which 
they  refer,  so  that  by  a  little  further  attention 
and  observation,  and  an  inspection  of  a  celes- 
tial atlas,  they  may  acquire  a  general  view  of 
the  principal  stars  and  constellations  visible 
in  our  hemisphere ;  for  on  most  celestial 
planispheres  and  globes  there  is  such  a  group 
of  eyes,  noses,  legs,  tails,  claws,  and  wings 
connected  with  the  mythological  figures  of  the 
constellations,  no  traces  of  which  can  be  seen 
in  the  heavens,  that  the  learner  is  sometimes 
confounded,  and  can  scarcely  trace  any  re- 
semblance between  what  is  depicted  on  such 
globes  and  planispheres  and  the  real  aspect 
of  the  firmament,  the  stars  appearing,  in  many 
instances,  as  accidental  spots,  buried,  as  it 
were,  amidst  the  group  of  hieroglyphics  with 
which  they  are  connected. 


CHAPTER  II. 

On  the  Arrangement  of  the  Stars  into  Constellations,  with  Sketches  of  their  Mytholo- 
gical History. 


In-  order  to  distinguish  the  stars  from  one 
another,  the  ancients  divided  the  heavens 
into  different  portions  or  spaces,  called  con- 
stellations, or  groups  of  stars.  They  sup- 
posed each  group  to  occupy  a  space  which 
a  lion,  a  bear,  a  man,  a  harp,  or  other  object 
would  fill,  if  it  were  there  delineated ;  and 
hence  the  different  constellations  were  de- 
picted as  if  they  had  borne  a  resemblance  to 
dragons,  dogs,  rams,  altars,  ships,  and  similar 
objects,  whether  imaginary  or  real.  The  in- 
vention of  the  constellations,  particularly  those 
of  the  Zodiac,  is  generally  attributed  to  the 
Chaldeans  or  the  Egyptians ;  but  most  pro- 
bably the  merit,  such  as  it  is,  is  due  to  the 
former,  although  the  Egyptians  appear,  at  a 
very  early  period,  to  have  derived  the  know- 
ledge of  astronomy  from  the  inhabitants  of 
Chaldea,  and  imparted  it  to  the  ancient 
Greeks  and  other  nations.  The  first  series 
of  constellations  which  were  formed  appear 
to  have  been  those  of  the  Zodiac.  Finding 
that  the  year  consisted  neither  of  twelve  nor 
>f  thirteen  lunations,  in  order  to  know  the 
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precise  bounds  of  the  annual  course  of  the 
sun,  they  were  under  the  necessity  of  care- 
fully examining  what  stars  were  successively 
obscured  in  the  evening  by  the  motion  of 
that  globe,  and  what  stars,  after  emerging 
from  its  rays,  showed  themselves  again  before 
the  dawn  of  day. 

Macrobius,  an  ancient  Roman  author,  and 
Sextus  Empiricus,  a  Greek  writer,  have 
handed  down  to  us  the  ingenious  method 
which  the  first  astronomers  used  to  deter- 
mine exactly  the  course  which  the  sun  de- 
scribes in  the  heavens,  and  to  divide  the 
year  into  equal  portions,  of  which  the  follow- 
ing is  a  condensed  description : 

They  every  day  saw  the  sun  and  the  whole 
heavens  turning  round  from  the  east  to  west. 
In  the  mean  time  they  observed  that  the  sun, 
by  a  motion  peculiar  to  it,  receded,  from  day 
to  day,  from  certain  stars,  and  took  its  place 
under  others,  always  advancing  towards  the 
east.  As  they  found  that  twelve  revolutions 
of  the  moon  approximated  to  one  revolution 
of  the  sun,  but  that  a  certain  sensible  differ- 


DIVISIONS  OF  THE  ZODIAC. 


21 


ence  existed,  they  wished  that  they  might 
have  twelve  divisions  of  the  year,  which  might 
be  exactly  equivalent  to  the  year  itself.  For 
this  purpose  they  took  two  brass  open  vessels, 
the  one  pierced  at  the  bottom,  and  the  other 
without  any  orifice  below.  Having  stopped 
the  hole  of  the  first,  they  filled  it  with  water, 
and  placed  it  so  that  the  water  might  run  out 
into  the  other  vessel  the  moment  the  cock 
should  be  opened.  This  done,  they  observed 
in  that  part  of  the  heavens  where  the  sun  has 
its  annual  course,  the  rising  of  a  star,  remark- 
able either  for  its  magnitude  or  its  brightness, 
and  at  the  critical  instant  it  appeared  on  the 
horizon  they  began  to  let  the  water  flow  out 
of  the  upper  vessel  into  the  other,  during  the 
rest  of  the  night  and  the  whole  following 
day,  till  the  very  moment  when  the  same  star 
began  to  appear  anew  on  the  horizon. ,  The 
instant  it  was  again  seen  they  took  away  the 
under  vessel,  and  threw  the  water  that  re- 
mained in  the  upper  on  the  ground.  The 
observers  were  thus  sure  of  having  one  revo- 
lution of  the  whole  heaven,  between  the  first 
rising  of  the  star  and  its  return.  The  water 
which  had  flowed  during  that  time  now 
afforded  them  the  means  of  measuring  the 
duration  of  one  whole  revolution  of  the  starry 
firmament,  and  of  dividing  that  duration  into 
several  equal  portions.  They  then  divided 
the  water  of  the  under  vessel  into  twelve 
parts,  perfectly  equal,  and  prepared  two  other 
small  vessels  capable  of  containing  exactly 
one  of  these  portions,  and  no  more.  They 
again  poured  into  the  great  copper  vessel  the 
twelve  parts  of  water  all  at  once,  keeping  the 
vessels  shut.  They  then  placed  under  the 
cock,  still  shut,  one  of  the  two  small  vessels, 
and  another  near  it  to  succeed  the  first  as 
soon  as  it  should  be  full.  All  these  prepara- 
tions being  ready,  the  next  night  they  ob- 
served that  part  of  the  heavens  towards  which 
they  had  remarked  the  sun  took  his  course, 
and  waited  for  the  rising  of  the  constellation 
which  has  since  been  called  Aries.  The  in- 
stant Aries  appeared,  and  they  saw  the  first 
star  of  its  ascending,  they  let  the  water  run 
into  the  little  measure.  As  soon  as  it  was 
full  they  removed  it,  and  threw  the  water 
out.  In  the  mean  time  they  put  the  other 
empty  measure  under  the  fall.  They  ob- 
served accurately  all  the  stars  that  rose  during 
all  the  periods  which  the  measure  took  in 
filling,  and  that  part  of  the  heavens  was  ter- 
minated in  their  observations  by  the  star 
which  appeared  last  on  the  horizon  the  mo- 
ment the  measure  was  just  full.  In  like 
manner  they  proceeded  with  the  other  vessel 
alternately,  till  the  two  small  vessels  were 
three  times  filled,  which  marked  out  six  divi- 
sions, or  one-half  of  the  course  of  the  sun  in 
the  heavens.  They  were  thep.  forced  to  defer 


the  observation  and  measurement  of  the  other 
half  of  the  firmament  till  the  opposite  season 
of  the  year,  when  they  proceeded  as  before. 

Having  in  this  manner  determined  the 
twelve  divisions  of  the  heavens,  and  marked 
the  clusters  of  stars  peculiar  to  each,  they 
proceeded  to  give  them  names,  and  in  general 
termed  them  the  stations  or  houses  of  the  sun, 
three  of  which  were  assigned  to  each  season. 
The  particular  names  given  to  each  of  the 
twelve  constellations  of  the  Zodiac  are  gene- 
rally supposed  to  refer  to  certain  circumstances 
peculiar  to  the  different  months.  As  the 
Chaldean  observers  seem  to  have  been  of 
opinion  that  there  were,  during  the  spring, 
no  productions  more  useful  than  lambs,  calves, 
and  rams,  they  gave  the  constellations  through 
which  the  sun  passes  during  that  season  the 
names  of  the  three  animals  by  which  they 
were  most  enriched.  The  first  was  named 
Aries,  or  the  Ram ;  the  second  Taurus,  or 
the  Bull;  and  the  third  Gemini,  or  the 
Twins, — that  is,  the  two  goats,  which  com- 
monly bring  forth  two  young  at  a  time.  The 
Greeks  afterwards  represented  them  by  Castor 
and  Pollux,  two  twin  brothers,  sons  of  Jupiter, 
by  Leda,  the  wife  of  Tyndarus,  and  as  such 
are  represented  on  our  globes.  Having  re- 
marked that  there  was  a  point  to  which  the 
sun  approached  when  passing  these  signs, 
but  which  it  never  went  beyond,  and  that  it 
afterwards  receded  from  that  point  for  six 
months  together,  this  retreat  of  the  sun  back- 
wards led  them  to  distinguish  it  by  the  name 
of  an  animal  which  walks  backwards,  and 
hence  it  was  denominated  Cancer,  or  the 
Crab.  As  the  heats  in  the  next  month  (July) 
are  most  intense,  they  compared  them  to  the 
raging  and  fierceness  of  a  lion,  and  hence 
they  called  the  sign  Leo,  that  is,  the  Lion. 
As  in  the  next  month  harvest  commences, 
and  as  young  girls  were  generally  set  to  glean 
in  the  fields,  they  denominated  the  sign  cor- 
responding to  this  month  Virgo,  or  the  Vir- 
gin, which  is  represented  by  the  figure  of  a 
young  woman  holding  an  ear  of  corn. 

The  perfect  equality  of  days  and  nights 
which  happens  when  the  sun  quits  the  sign  of 
Virgo,  caused  astronomers  to  give  the  next  sign 
the  name  of  Libra,  that  is,  the  Balance,  poised 
so  as  to  represent  equal  day  and  night.  The 
frequent  diseases  which  are  produced  in  con- 
sequence of  the  sun  retiring  to  the  south  pro- 
cured the  next  sign  the  name  of  Scorpio,  or 
the  Scorpion,  because  it  is  mischevious,  and 
drags  after  it  a  sting  and  venom.  When  har- 
vest is  over,  and  the  fields  cleared  of  the  crops, 
then  is  the  season  for  hunting,  and  therefore 
the  sign  in  which  the  sun  enters  at  that  time 
has  obtained  the  name  of  Sagittarius,  that  is, 
the  Archer,  or  Huntsman.  The  next  con- 
stellation, Capricorn,  had  its  origin  from  the 
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wild  goat,  whose  nature  being  to  seek  its  food 
from  the  bottom  to  the  top  of  mountains,  was 
considered  emblematical  of  the  ascent  of  the 
sim  from  the  lowest  point  of  its  course,  in  the 
beginning  of  this  sign,  to  its  highest  pitch  or 
summit  in  the  summer  solstice,  when  it  enters 
the  sign  Cancer.  The  next  sign  is  c»lled 
Aquarius,  or  the  Water-bearer,  emblematical 
of  the  rains  which  generally  fall  at  this  sea- 
son of  the  year ;  and  the  last  sign  is  named 
Pisces,  or  the  Fishes,  which  name  seems  to 
have  been  given  because  at  the  time  when  the 
su  Q  enters  it,  fishes  are  then  considered  as 
fattest  and  most  in  season  for  use. 

Such  were  the  names  and  symbols  which 
the  ancients  appropriated  to  that  great  circle 
or  zone  of  the  heavens  through  which  the  sun, 
moon,  and  planets  appeared  to  move.  As 
the  names  of  ten  of  these  signs  or  constella- 
tions are  borrowed  from  several  animals,  as- 
tronomers gave  the  annual  zone  which  they 
compose  the  name  of  the  Zodiac,  that  is,  the 
circle  of  animals,  from  the  Greek  word,  faov, 
an  animal.  By  this  division  of  the  heavens, 
mankind  acquired  a  new  method  of  measuring 
time,  and  of  regulating  all  their  labours.  From 
the  knowledge  of  the  Zodiac  the}-  obtained  an 
exact  knowledge  of  the  year  and  of  its  several 
sub-divisions,  and  the  periods  when  sowing 
ought  to  commence,  and  when  the  fruits  of 
harvest  might  be  expected  to  arrive  at  ma- 
turity. When,  after  the  setting  of  the  sun, 
they  saw  the  stars  of  the  sign  Aries  ascend 
the  opposite  horizon,  and  distant  from  the 
sun  by  one-half  of  the  sphere  of  the  heavens, 
they  then  knew  that  the  sun  was  under  the 
sign  Libra,  which,  being  the  seventh  of  the 
celestial  signs,  was  distant  from  the  first  by 
one-half  of  the  whole  Zodiac.  When,  at  the 
approach  of  day,  they  saw,  in  the  middle  of 
the  firmament,  or  on  their  meridian,  at  an 
equal  distance  from  east  and  west,  the  prin- 
cipal star  of  the  sign  Leo,  they  understood 
that  the  sun,  then  about  to  rise,  was  at  the 
distance  of  three  signs  from  Leo,  and  removed 
towards  the  east  one-fourth  part  of  its  circle. 
Thus,  without  seeing  the  stars,  which  were 


obscured  and  overpowered  by  the  sun's  rays 
as  he  passed  through  them,  they  could  say, 
with  a  perfect  assurance,  "  the  sun  is  now  in 
Scorpio,  and  in  two  months  hence  the  short- 
est day  will  arrive."  On  the  sight  of  a  single 
constellation,  placed  either  in  the  eastern, 
western,  or  middle  part  of  the  heavens,  they 
could  immediately  tell  in  what  sign  the  sun 
was,  how  far  the  year  was  advanced,  and 
what  kinds  of  labour  were  requisite  to  be  per- 
formed. It  is  therefore  to  astronomy  we  are 
originally  indebted  for  our  knowledge  of  the 
length  of  the  year,  and  the  commencement 
of  its  different  seasons. 

The  ancients  next  proceeded  to  arrange 
into  constellations  the  other  groups  of  stars 
which  were  situated  to  the  north  and  south 
of  the  Zodiac.  In  forming  this  arrangement 
they  proceeded  on  principles  similar  to  those 
by  which  they  had  delineated  the  signs  of  the 
Zodiac.  They  conceived  the  different  groups 
as  if  they  bore  a  certain  resemblance  to  birds, 
beasts,  serpents,  or  to  certain  imaginary  beings, 
and  gave  them  names  corresponding  to  such 
conceptions.  This  they  seem  to  have  done 
for  the  sake  of  assisting  the  memory  and  ima- 
gination in  forming  a  general  idea  of  the 
forms  and  the  relative  positions  of  the  several 
clusters  of  stars,  and  to  enable  the  observer 
more  readily  to  distinguish  and  to  point  out 
any  particular  star ;  but  it  would  be  too 
tedious,  and  would  convey  little  profitable  in- 
struction, to  inquire  into  the  reasons  of»the 
emblematical  figures  they  adopted,  or  to 
attempt  a  detailed  view  of  their  mythological 
history. 

The  following  table  contains  a  list  of  all 
the  constellations,  ancient  and  modern,  with 
the  number  of  stars  in  each,  as  stated  in  the 
Historia  Celcstis  of  Flamstead,  formerly 
Royal  Professor  of  Astronomy  at  Greenwich. 
The  first  column  contains  the  name  of  the 
constellation,  the  second  column  the  number 
of  stars  it  contains,  and  the  third  column  the 
principal  stars  and  their  magnitudes.  The 
number  1,  expresses  stars  of  the  first  magni- 
tude ;  2,  those  of  the  second  magnitude,  &c. 


NORTHERN  CONSTELLATIONS. 

Name.  No.  of  Start.  Principal  Stars. 

Ursa  Minor — the  Little  Bear 24 Pole  star,  2. 

Ursa  Major — the  Great  Bear 87 Dubhe,  1 ;  Alioth,  2. 

Dracc^-the  Dragon 80 Rastaben,  2. 

Gepheub  rEast  of  Draco] 35 Alderamin,  3. 

Bootes — thfc  Herdsman 54 Arcturus,  1 ;  Mirac,  3. 


21 Alphecca,2. 

Hercules,  with  Cerberus 113 Ras  Algethi,  2 

Lyra — the  Harp 21 Vega,  or  Lyra, 

Cygnus — the  Swan 81  ....  Deneb,  2. 


SOUTHERN  CONSTELLATIONS.  23 

Name.  No.  of  Stars.  Principal  Stars. 

Cassiopeia — Lady  in  her  chair 55 Schedir,  3. 

Perseus,  and  Head  of  Medusa 59 Algenib,  2  ;  Algol,  2. 

Auriga — the  Wagoner        66 Capella,  Alajoth,  1. 

Serpentarius — Serpent  Bearer 74 Ras  Alhague,  2. 

Serpens — the  Serpent 64 

Sagitta — the  Arrow  [N.  of  Aquila]    ....  18 

Aquila  and  Antinous — the  Eagle,  &c.    ...  71 Altair,  1  or  2. 

Delphinus — the  Dolphin 18 

Equuleus — the  Horse's  Head 10 

Pegasus — the  Flying  Horse 89 Markab,  2  ;  Scheat,  2. 

Andromeda 66 Alamak,  2 ;  Mirack,  2. 

Triangulum — the  Triangle 16 

Camelopardalis — Camelopard 58 

Leo  Minor — the  Little  Lion 53 

Coma  Berenices — Berenices'  Hair  [North  of 

Virgo] 
Vulpecula  et  Anser — the  Fox  and   Goose  > 

[South  of  Cygnus] $ 

Lacerto — the  Lizard  [East  of  Cygnus]  ...  16 
Scutum  Sobieski  [North  of  Sagittarius] ...       8 

Cards  Venatici — the  Grayhounds      ....  25 

Lynx 44 

Cerberus 4 

Mons  Menelaus  [S.-E.  of  Bootes]      ....  1 1 
Taurus Poniatowski — the  Bull  of  Poniatowskt  )        ~ 

[W.  of  Aquila] 5 

Musca— the  Fly  [N.  of  Aries]       ......       6 

Tarandus— Reindeer  [at  N.  Pole]      ....  12 

Total  number  of  stars  in  the  Northern  )  .... 
Constellations $ 


SOUTHERN  CONSTELLATIONS. 

Those  Constellations  marked  thus  f  never  rise  in  JV.  latitude  52  degrees. 

Name.  No.  of  Stars.  Principal  Stars. 

Cetus— the  Whale •     .     .  97 Menkar,  2 ;  Mira,  2. 

Orion 78 Betelguese,  1 ;  Rigel,  1. 

Eridanus — the  River  Po 84 Achernar,  1. 

Lepus — the  Hare  [S.  of  Orion] 19 

Canis  Major — the  Great  Dog 31 Sirius,  1. 

Canis  Minor  [N.  of  Monoceros] 14 Procyon,  1. 

Argo  Navis — the  Argo 64      .....     Canopus,  1 ;  Naos,  2. 

Hydra— the  Serpent 60      .....     Cor  Hydras,  1. 

Crater— the  Cup  [S.  of  Virgo] 31 Algorab,  3. 

Corvus— the  Crow  [S.  of  Virgo] 9 Alkes,  3. 

Centaurus — the  Centaur 35 

Lupus— the  Wolf 24 

Araf — the  Altar        9 

Corona  Australis — Southern  Crown  ....  12 

Piscis  Australis  [S.  of  Aquarius] 24  ....     Fomalhaut,  1. 

Columbo  Noachi — -Noah's  Dove 10 

Rober  Carolif  [E.of  Argo  Navis]     .     .          .12 

Grus^ — the  Crane 13 

Phffinixf 13 

Indusj- — the  Indian 12 

Pavof— the  Peacock 14 

Apusf— the  Bird  of  Paradise 11. 

Apis  Muscat  Australis, .4 
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Name.  No.  of  Stars.  Principal  Stars. 

Triangulum  Australisf  [South  Triangle]    .     .  5 

Piscis  Volansf — the  Flying  Fish 8 

Chameleonf  [near  the  S.  Pole] 10 

Doradof — the  Sword  Fish 6 

Toucan| — the  American  Goose 9 

Hydrusf— the  Water  Snake 10 

Sextans— the  Sextant  [S.  of  Leo]      ....  41 

Monoceros — the  Unicorn 31 

CRUX — the  Cross-f- 6 

The  Sculptor's  Apparatus 12 

Circinusj- — the  Compasses 7 

Brandenburgium  Sceptrum  [S.  W.  of  Orion]  ..  6 

Equuleus  Pictorius 8 

Fornax  Chemica 14 

Horologiunrj- — the  Clock 12 

Mons  Mensaf — the  Table  Mountain       ...  30 

Machina  Pneumatica — the  Air  Pump     ...  24 

Norma,  or  Euclid's  Square 12 

Octans  Hadleianusf — Hadley's  Octant  ...  43 

Pyxis  Gautica — Mariner's  Compass  ....  8 

Reticula  Rhomboidalisf 10 

Telescopiumf — the  Telescope 9 

Sculptoriof — the  Engraver's  Tools    ....  16 

Microscopium — the  Microscope 10 

Total  number   of  stars  in  the  Southern  )  ,ft27 

Constellations J 


ZODIACAL  CONSTELLATIONS. 

Name.                                          No.  of  Stars.  Principal  Stars. 

Aries— the  Ram 66      .  .a  Arietis,  2. 


Taurus— the  Bull 141 

Gemini — the  Twins 85 

Cancer— the  Crab 83 


Aldebaran,  1 ;  Pleiades. 
Castor,  1  ;  Pollux,  1. 
Acubens,  3. 


Regulus,  1 ;  Denebola,  2 
Spica  Virginis,  1. 
Zubeneschamale,  2. 
Antares,  1.  • 


Leo — the  Lion 95      , 

Virgo— the  Virgin 110      , 

Libra — the  Balance 51 

Scorpio — the  Scorpion 44 

Sagittarius — the  Archer 69 

Capricornus — the  Goat 51 

Aquaris— 4he  Water  Bearer 108      ....     Scheat,  3. 

Pisces— the  Fishes .  113 

Total  number  of  stars  in  the  Zodiac    .     .     1016 

Total  number  of  stars  in  all  the  Constellations 3487 

Thus  all  the  visible  stars  in  the  firmament  first,  are  classed  in  the  second  magnitude ; 
have  been  arranged  into  ninety-four  constella-  and  so  on  down  to  the  sixth  magnitude,  which 
tions,  of  which  forty-eight  were  formed  by  comprises  the  smallest  stars  visible  to  the 
the  ancients,  and  the  rest  within  the  last  two  naked  eye  in  the  clearest  night ;  though  there 
or  three  hundred  years.  Of  the  stars  above  are  but  few  eyes  that  can  distinguish  those 
enumerated,  there  are  about  17  of  the  first  which  belong  to  the  sixth  magnitude.  AH 
magnitude,  76  of  the  second,  223  of  the  third,  the  stars  beyond.these  limits  come  under  the 
and  the  remainder  of  the  fourth,  fifth,  and  general  denomination  of  Telescopic  stars ; 
sixth  magnitudes.  The  different  classes  of  and  with  the  most  powerful  telescopes,  stars 
magnitudes  are  intended  to  express  their  ap-  may  be  perceived  of  all  classes,  from  the  sixth 
parent  brightness.  The  brightest  stars  are  to  the  sixteenth  order  of  magnitudes.  Every 
said  to  be  of  the  first  magnitude ;  those  which  increase  in  the  power  of  these  instruments 
appear  next  in  brightness,  or  inferior  to  the  brings  into  view  innumerable  multitudes  of 
(543) 
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those  orbs  which  were  before  invisible,  so  that 
no  definite  limits  can  be  assigned  to  the  ap- 
parent brightness  or  magnitude  of  the  stars. 
This  classification  into  magnitudes,  however,  as 
it  is  entirely  arbitary,  so  it  is  extremely  indefi- 
nite, and  can  convey  no  very  accurate  ideas  even 
of  their  apparent  brightness  or  intensity  of 
light.  This  consideration  has  led  some  emi- 
nent astronomers  to  endeavour  to  estimate 
the  apparent  brightness  of  each  star  by  expe- 
riments made  with  the  photometer.  From 
various  experimental  comparisons  of  this  kind, 
the  late  Sir  Wm.  Herschel  deduced  the  fol- 
lowing conclusions: 

Magnitude; 

Light  of  a  stiroftb.fi  average  1st  -  =  100 

2d  -  =  25 

3d  -  =  12 

4th  -  =  6 

5th  -  —  2 

6th  -  —  1 

So  that  the  light  of  a  star  of  the  second  magni- 
tude is  one-fourth  of  that  of  a  star  of  the  first 
magnitude ;  the  light  of  one  of  the  third,  one 
eight;  of  the  fourth,  one  sixteenth;  of  the 
fifth,  one  fiftieth ;  and  of  the  sixth,  only  one- 
hundredth  part.  Sir  John  Herschel  informs 
us  that,  from  his  own  experiments,  he  has 
found  that  the  light  of  Sirius,  the  brightest 
of  all  the  fixed  stars,  is  about  324  times  that 
of  an  average  star  of  the  sixth  magnitude. 

It  may  be  proper  to  observe  that  the  stars 
specified  in  the  statements  inserted  above  are 
not  all  visible  to  the  naked  eye,  nearly  two- 
thirds  of  them  being  perceptible  only  by  the 
telescope  ;  but  they  are  those  stars  whose 
latitudes  and  longitudes,  and  whose  right  as- 
censions and  declinations,  have  been  accu- 
rately determined.  They  form  only  a  very 
small  proportion  of  those  which  are  found  to 
exist  in  the  most  distant  regions  of  the  firma- 
ment ;  for  by  powerful  telescopes  there  have 
been  explored,  in  a  single  speck  of  the  hea- 
vens, a  number  which  far  exceeds  that  of  all 
the  visible  stars  in  the  sky ;  and  catalogues 
have  been  formed  in  modern  times  which 
comprise  from  fifty  to  a  hundred  thousand  of 
these  luminaries. 

The  first  astronomer,  so  far  as  we  know, 
who  attempted  to  take  a  catalogue  of  the  stars, 
was  Hipparchus  of  Rhodes,  who  flourished 
a.bout  120  years  before  Christ.  Having  ob- 
served a  new  star,  which  he  had  never  seen 
before,  he  began  to  doubt  whether  there  might 
not  be  changes  occasionally  taking  place 
among  these  luminaries,  and  therefore  com- 
menced making  a  catalogue  of  them,  noting 
down  the  position  and  magnitude  of  each  star, 
with  the  view  that,  if  any  new  stars  should 
again  appear,  or  any  of  those  observed  by  him 


should  increase  or  diminish  in  magnitude, 
or  totally  disappear,  such  changes  might  be 
known  to  those  who  should  live  in  future  ages. 
This  catalogue,  which  was  handed  down  to 
us  by  Ptolemy,  an  ancient  Egyptian  astro- 
nomer,  has  been  of  special  use  to  modern 
astronomers,  both  in  determining  the  rate  of 
the  precession  of  the  equinoxes,  and  in 
proving  that  certain  stars  which  then  existed 
are  no  longer  to  be  seen  in  the  heavens  ;  thus 
indicating  that  changes  and  revolutions  are 
taking  place  among  the  distant  bodies  of  the 
universe.  The  catalogue  of  Hipparchus  con- 
tained a  descj .,  :tion  of  the  places  of  1026 
stars.  The  Arabians  are  the  next  whom  history 
represents  as  having  attempted  to  form  a  de- 
scriptive catalogue  of  the  stars.  This  was 
effected  by  Ulug  Beigh,  the  grandson  of 
Tamerlane,  from  his  own  observations  made 
at  Samarcand,  whose  catalogue  contains  1022 
stars.  Tycho  Brahe,  the  celebrated  Danish 
astronomer,  who  lived  in  the  sixteenth  cen- 
tury, by  means  of  the  large  and  accurate  in- 
struments he  invented,  formed  a  catalogue  of 
777  stars,  which  are  considered  as  superior  in 
correctness  to  those  of  Hipparchus  and  Ulug 
Beigh.  He  was  prompted  to  this  laborious 
undertaking  by  the  sudden  appearance  of  a 
new  star  in  Cassiopeia  in  the  year  1572, 
which  shone  with  the  brilliancy  of  Venus, 
and  was  visible  even  at  noonday.  Bayer 
soon  after  published  a  catalogue  of  1 160  stars, 
in  which  he  introduced  the  practice  distin- 
guishing the  stars  by  the  letters  of  the  Greek 
alphabet.  All  the  catalogues  now  mentioned 
were  formed  before  the  telescope  was  invented, 
and  contained  nearly  all  the  stars  which  could 
be  perceived  by  the  unassisted  eye.  Soon 
after  the  invention  of  the  telescope,  in  the 
beginning  of  the  seventeenth  century,  the 
celebrated  Hevelius  composed  a  catalogue  of 
1888  stars,  of  which  1553  were  observed  by 
himself,  and  their  places  computed  for  the 
year  1660.  But  some  of  our  modern  observ 
ers  of  the  heavens  have  published  catalogues 
which  contain  the  positions  of  many  thousands 
of  stars,  besides  multitudes  of  nebulae,  of 
various  descriptions,  double,  triple,  and 
quadruple  stars,  and  various  other  celestial 
phenomena. 

The  division  of  the  heavens  into  constella- 
tions, and  the  names  and  figures  by  which 
they  are  distinguished,  seem  to  have  been  of 
a  very  ancient  date.  Job,  who  is  supposed 
to  have  lived  in  a  period  prior  to  that  of 
Moses,  refers  to  some  of  them  by  the  same 
names  which  they  still  bear.  "  Canst  thou 
bind  the  sweet  influences  of  Pleiades" — or 
the  seven  stars, — "  or  loose  the  bands  of 
Orion  1"  that  is,  the  belt  of  Orion,  which  con- 
sists of  three  equidistant  stars  in  a  straight 
line.  "  Canst  thou  bring  forth  Mazzaroth  in 
(549) 
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his  season?  or  canst  thou  guide  Arcturus 
with  his  sons  T*  Arcturus  is  a  bright  star  of 
the  first  magnitude  in  the  constellation  of 
Bootes,  and  is  here  put  for  the  constellation 
itself.  The  expression  "  his  sons"  is  sup- 
posed to  refer  to  Asterion  and  Chara,  the 
two  Grayhounds,  with  which  he  seems  to  be 
pursuing  the  Great  Bear  around  the  North 
pole,  in  the  diurnal  revolution  of  the  heavens. 
Mazzaroth  is  generally  supposed  to  refer  to 
the  twelve  signs  of  the  zodiac,  which,  by  their 
appointed  revolutions,  produce  the  succession 
of  day  and  night,  and  the  seasons  of  the  year. 
In  another  part  of  this  book,  Job,  when  filled 
with  profound  reverence  of  the  majesty  of 
God,  declares  that  He  alone  "  spreadeth  out 
the  heavens,  and  maketh  Arcturus,  Orion, 
and  the  Chambers  of  the  South."  The  pro- 
phet Amos,  who  lived  800  years  before  the 
Christian  era,  alludes  to  the  same  objects  in 
the  fifth  chapter  of  his  prophecy — "  Ye  who 
turn  judgment  to  wormwood,  and  leave  off 
righteousness  in  the  earth,  seek  him  who 
maketh  the  seven  stars  and  Orion,  who  turn- 
eth  the  shadow  of  death  into  morning,  and 
maketh  the  day  dark  with  night ;  that  calleth 
for  the  waters  of  the  sea,  and  poureth  them 
out  upon  the  face  of  the  earth :  the  Lord  of 
Hosts  is  his  name." 

The  names  of  the  constellations,  and  the 
hyeroglyphic  figures  by  which  they  are  repre- 
sented, appear,  however,  to  have  had  their 
origin  in  superstitious  and  idolatrous  no- 
tions. The  Egyptians,  it  is  well  known, 
worshipped  the  host  of  heaven  under  the 
figures  of  most  of  the  animals  which  repre- 
sent the  celestial  constellations,  particularly 
the  signs  of  the  Zodiac.  They  imagined  the 
sun,  which  they  called  Osiris,  to  be  a  proper 
representative  of  the  Spirit  of  Nature,  or  the 
Supreme  Being,  who,  like  the  sun,  appears 
every  where  present,  exercising  his  influence 
over  the  universe.  The  moon,  as  she  re- 
ceives her  light  from  the  sun,  was  looked  upon 
as  a  female  divinity,  and  called  Ms, — which 
goddess  was  made  to  signify  universal  nature 
considered  as  passive,  and  susceptible  of  va- 
rious impressions,  forms,  and  qualities.  They 
found,  or  imagined  they  found,  in  various 
animals  some  properties  or  qualities  corres- 
ponding to  the  motions,  appearances,  or  in- 
fluences of  the  sun,  moon,  and  stars.  This 
induced  them  not  only  to  use  those  animals 
in  their  hieroglyphic  representations  of  their 
deities,  but  also  to  pay  them  honours.  Thus, 
by  the  Ram,  a  prolific  animal,  they  repre- 
sented the  genial,  fertilizing  influence  of  the 
sun  in  spring;  and  by  the  hot  and  furious 
Lion,  his  violent  scorching  heat  in  the  sum- 
mer ;  and  the  Bull  was  an  emblem  of  the  va- 
rious powers  of  the  sun  in  forwarding  the 
business  of  agriculture,  in  which  this  animal 
(550) 


was  of  particular  service.  As  the  overflow- 
ing of  the  Nile  is  particularly  beneficial  to 
the  land  of  Egypt,  and  as  that  river  was  ob- 
served to  begin  to  swell  at  the  rising  of  Sirius, 
or  the  Dog  Star,  so  they  had  a  special  vene- 
ration for  that  orb,  as  if'  its  divine  influence 
had  contributed  to  that  fertility  which  was 
produced  by  the  inundation  of  the  Nile. 
That  the  Egyptians  worshipped  all  the  ani- 
mals depicted  on  the  Zodiac,  and  those  which 
represent  several  of  the  other  constellations, 
is  proved  by  the  testimony  of  several  ancient 
authors,  particularly  Herodotus,  who  says 
that  "  in  Egypt  all  sorts  of  beasts,  whether 
wild  or  tame,  were  accounted  as  sacred,  and 
received  divine  honours."  And  it  is  not  im- 
probable that  this  worship  of  the  host  of  hea- 
ven, through  the  hieroglyphics  of  various 
animals,  was  a  general  practice  during  the 
abode  of  the  children  of  Israel  in  that  country, 
and  that  the  following  admonition  of  Moses 
has  a  reference  to  this  circumstance : — "  Take 
heed  lest  ye  corrupt  yourselves  and  make  you 
a  graven  image,  the  similitude  of  any  figure, 
the  likeness  of  any  male  or  female,  the  like- 
ness of  any  beast  that  is  on  the  earth,  the 
likeness  of  any  fowl  that  flyeth  in  the  air,  the 
likeness  of  any  thing  that  creepeth  upon  the 
ground,  the  likeness  of  any  fish  that  is  in  the 
waters  beneath  the  earth ;  and  lest  thou  lift 
up  thine  eyes  to  heaven,  and  when  thou  seest 
the  sun,  and  the  moon,  and  the  stars,  even 
all  the  host  of  heaven,  shouldest  be  driven  to 
worship  them  and  serve  them,  which  the  Lord 
thy  God  hath  divided  unto  all  nations  under 
the  whole  heaven.  But  the  Lord  thy  God 
hath  taken  you,  and  brought  you  forth  out  of 
the  iron  furnace,  even  out  of  Egypt."  The 
reference  here  made  to  their  being  brought 
out  of  Egypt  seems  evidently  intended  to  put 
the  Israelites  in  mind  of  their  deliverance 
from  the  idolatrous  practices  of  the  inhabi- 
tants of  that  country,  as  well  as  from  the 
slavery  to  which  they  had  been  subjected, 
and  consequently  implies  that  the  Egyptians 
indulged  in  the  superstitious  worship  to  which 
we  have  alluded. 

As  it  is  the  practice  of  astronomers  to  de- 
note the  relative  apparent  magnitudes  of  stars 
in  each  constellation  by  the  letters  of  the  Greek 
alphabet,  the  whole  of  this  alphabet  is  here  in- 
serted, that  the  unlearned  reader  may  be  ena- 
bled to  distinguish  the  different  characters,  and 
the  order  in  which  they  follow  each  other. 

The  first  letter  of  the  Greek  Alphabet  a, 
denotes  the  largest  or  brightest  star  in  each 
constellation.  Thus,  a  Lyrae  is  the  brightest 
star  in  the  constellation  of  Lyra,  or  the  Lyre ; 
j3  Lyrse,  the  star  next  in  brightness  to  alpha; 
and  so  on  throughout  all  the  letters  of  the 
Greek  alphabet.  When  the  number  of  stars 
to  be  distinguished  in  any  constellation  i* 
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greater  than  the  number  of  letters  in  the 
Greek  alphabet,  astronomers  have  recourse  to 
the  letters  of  the  English  alphabet,  and  dis- 
tinguish the  remaining  stars,  according  to 
their  apparent  brilliancy,  by  the  letters  a,  b, 
c,  d,  &c. ;  and  if  more  stars  still  remain  to  be 
distinguished,  they  resort  to  numerals, — thus, 
a^,  d4,  &c.  From  this  mode  of  distinguishing 
the  apparent  magnitude  of  the  stars,  the 
reader  will  easily  perceive  that  those  stars 
which  are  distinguished  by  the  first  letters  of 
the  Greek  alphabet  are  the  largest  in  any  par- 
ticular constellation,  while  those  which  are 
marked  with  letters  towards  the  close  of  the 
alphabet  are  among  the  smaller  stars. 

GREEK  ALPHABET. 


Greek 
Characters.    Names 


Greek  Roman 

Capitals.  Characters. 

Alpha.  A  a 

Beta  B  b 


y 

Gamma 

r 

Delta 

A 

t 

Epsilon 

E 

t 

Zeta 

Z 

Eta 

H 

•9-  6 

Theta 

e 

t 

Iota 

i 

K. 

Cappa 

K 

K 

Lambda 

A 

• 

Mu 

M 

V 

Nu 

N 

e 

Xi 

g 

0 

Omicroa 

0 

If 

Pi 

n 

1 

Rho 

p 

<r  ( 

Sigma 

2 

T 

Tau 

T 

V 

Upsilon 

r 

9 

Phi 

$ 

y 

Chi 

X 

4 

Psi 

>F 

41 

Omega 

ft 

g 
d 

e,  short 

z 

e,  long 

th 

i 

k 

1 

ra 

n 

x 

o,  short 

P 

r 

a 

t 

u 

ph 

ch 

ps 

o,  long 


CHAPTER  III. 

On  the  Propriety  of  Adopting  a  more  Natural  Arrangement  and  Delineation  of  the 

Starry  Groups. 


THE  figures  of  the  celestial  constellations 
to  which  we  have  now  adverted  are  still  de- 
picted in  our  celestial  globes  and  planispheres, 
and  present,  in  my  opinion,  a  very  awkward 
and  unnatural  representation  of  the  starry 
heavens.  It  is  rather  a  strange  circumstance, 
that  for  a  period  of  more  than  two  thousand 
years  the  firmament  has  been  contemplated, 
and  the  arrangements  of  the  bodies  it  contains 
studied,  through  the  medium  of  bears,  ser- 
pents, lizards,  rams,  whales,  centaurs,  dol- 
phins, flying  horses,  three-headed  dogs,  hydras, 
dragons,  and  many  other  grotesque  and  in- 
congruous figures.  The  sublime  wonders  of 
the  evening  sky  have  thus  been  associated 
with  a  groiip  of  mean,  ridiculous,  and  imagi- 
nary objects,  of  which  we  have  scarcely  any 
prototype  in  nature,  and  in  which  there  is 
not  the  least  shadow  of  a  resemblance  to  the 
objects  they  are  intended  to  represent.  When 
the  young  student  of  astronomy  wishes  to 
distinguish  particular  assemblages  of  suns  and 
systems  of  worlds,  he  is  required  to  connect 
them  in  his  imagination  with  wolves,  lions 
snakes,  and  numerous  fantastical  figures, 
which  are  bent  and  twisted  into  unnatural 
shapes,  which  have  as  little  resemblance  to 
the  objects  in  the  heavens  as  the  gloom  of 
midnight  to  the  splendours  of  the  meridian 
sun.  Such  representations  have  a  tendency 
to  convey  to  juvenile  minds  a  mean  idea  of 
the  most  august  bodies  in  nature,  and  of  the 


ample  spaces  which  surround  them,  and  in 
which  they  perform  their  revolutions. 

The  terms  used  in  any  science,  the  mode 
of  communicating  its  instructions,  and  the 
delineations  which  such  instructions  require, 
ought  undoubtedly  to  be  accommodated  to  the 
discoveries  which  have  been  made  in  the 
course  of  ages,  and  to  the  present  state  and 
objects  of  that  science ;  and  unless  we  can 
show  that  the  terms  and  figures  to  which  I 
allude  are  the  best  calculated  to  the  present 
state  and  objects  of  astronomical  science,  and 
fitted  to  assist  the  student  in  forming  natural 
and  correct  ideas  of  the  arrangement  of  the 
celestial  orbs,  it  is  expedient  that  some  change 
and  improvement  in  this  respect  should  be 
adopted,  in  accordance  with  the  new  modifica- 
tions and  arrangements  which  have  been  in- 
troduced into  other  departments  of  science. 
The  propriety  of  introducing  some  changes 
in  delineating  the  constellations,  and  in  their 
nomenclature  may  perhaps  appear  from  the 
following  considerations  : 

1.  The  natural  and  hieroglyphic  figures 
now  in  use  have  no  resemblance  to  the  groups 
of  stars  they  are  intended  to  represent.  What 
resemblance,  for  example,  exists  between  an 
eagle,  a  wolf,  a  centaur,  a  flying-fish,  or  Her- 
cules with  his  club — and  the  constellations 
which  bear  their  names  and  are  attempted  to 
be  delineated  by  their  figures  1  Even  when 
imagination  has  stretched  itself  to  the  utmost 
(551) 
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in  order  to  fancy  a  resemblance,  it  is  obliged 
to  represent  such  creatures  in  the  most  un- 
natural positions ;  and  after  all,  it  is  found 
impossible  to  bend  and  twist  their  wings,  arid 
legs,  and  tails,  and  claws,  in  such  a  manner 
as  to  take  hi  all  the  stars  in  the  group,  some 
pretty  conspicuous  ones,  being  still  left  un- 
formed in  the  intermediate  spaces.  Besides, 
the  discovery  of  new  stars  by  the  telescope 
has  now  completely  deranged  the  figures  of 
the  ancient  constellations ;  so  that  however 
much  the  legs,  arms,  and  feet  of  the  figures 
may  be  twisted,  they  cannot  be  made  to  coin- 
cide with  hundreds  of  stars  which  are  known 
to  exist.  The  only  constellations  which  may 
be  said  to  bear  a  very  rude  resemblance  to 
the  natural  figures  are  Orion  and  Ursa  Major ; 
but  even  in  these  the  resemblance  is  very  dis- 
tant Hence  what  is  commonly  called  a  bear 
is  also  conceived  to  resemble  a  plough  and  a 
wagon,  and  is,  by  the  vulgar,  distinguished 
by  these  names.  Hence,  also,  different  na- 
tions represent  the  same  constellation  by  dif- 
ferent figures  : — thus,  instead  of  our  hierogly- 
phic delineations,  the  Hindoos  have  bespat- 
tered the  firmament  with  bedsteads,  dogs'  tails, 
ear-rings,  couches,  elephants'  teeth,  cats' 
claws,  red  saffron,  children's  pencils,  lions'  tails, 
festoons,  wheels,  razors,  pieces  of  coral,  pearls, 
and  other  whimsical  objects  equally  appro- 
priate.* 

In  a  judicious  comparison  of  the  figures  of 
the  different  clusters  of  stars  with  any  other 
object,  for  the  purpose  of  a  name  or  reference, 
the  figure  of  the  particular  cluster  ought  first 
to  be  accurately  considered,  and  then  an  ob- 
ject, having  as  near  a  relation  to  it  as  possible, 
should  be  fixed  upon  as  its  representation. 
But  an  order  exactly  the  reverse  of  this 
seems  to  have  been  adopted  by  the  ancients 
in  their  arrangement  and  nomenclature  of  the 
constellations.  They  first  fixed  upon  the 
heroes,  animals,  and  mythological  figures 
which  they  intended  to  place  in  the  celestial 
vault ;  and  then  attempted,  if  possible,  to  bend 
the  clusters  of  stars  to  correspond  with  them 
— a  most  absurd,  unscientific  and  unnatural 
procedure.  And  shall  all  succeeding  astrono- 
mers in  every  nation  tacitly  give  their  appro- 
bation of  such  rude  and  injudicious  arrange- 
ments, as  if  they  were  unqualified  for  forming 
a  more  scientific  and  definite  outline  of  the 
sublime  spaces  of  the  firmament ! 

2.  The  figures  now  in  use  tend  to  convey 
a  mean  idea  of  the  objects  they  are  intended 
to  represent.  When  the  stars  were  considered 
as  merely  a  number  of  tapers  or  studs  fixed 
in  the  vault  of  heaven,  solely  for  the  purpose 
of  shedding  a  few  glimering  rays  on  the  earth 


*  See  "Asiatic  Researches,"  Vol.  ii.  Art  16— 
Antiquity  of  the  Indian  Zodiac. 
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and  adorning  the  canopy  of  our  habitation,  it 
might  not  appear  quite  so  incongruous  to  re- 
present their  different  groups  by  "  corruptible 
men,  and  birds,  and  four-footed  beasts,  and 
creeping  things."  But  now  that  the  astrono- 
mer views  the  stars  as  so  many  suns  and  sys- 
tems of  worlds,  dispersed  through  the  immen- 
sity of  space,  the  association  of  such  august 
objects  with  representations  so  silly  and 
whimsical  as  the  mythological  figures  delineat- 
ed on  our  globes,  produces  not  only  a  ludi- 
crous effect  by  the  greatness  of  the  contrast, 
but,  for  the  same  reason,  tends  to  lessen  the 
idea  of  sublimity  which  naturally  strikes  the 
mind  on  the  contemplation  of  such  a  stupen- 
dous scene.  Every  one  knows  how  much 
things  great  and  noble  are  debased  by  being 
placed  in  intimate  connexion  with  little  and 
ignoble  objects,  and  must  feel  the  force  of 
this  association  in  the  following  lines  of 
Hudibras : 

"  And  now  had  Phcehus  in  the  lap 
Of.Thetis  taken  out  his  nap  ; 
And  like  a  lobster  boil'd,  the  morn, 
From  black  to  red  began  to  turn." 

Again — 

"Cardan  believed  great  states  depend 
Upon  the  tip  of  the  Bear's  tail's  end  ; 
That  as  she  vvhisk'd  it  towards  the  sun, 
Slrew'd  mighty  empires  up  and  down  " 

Again — 

Who  made  the  Balance,  and  whence  came 

The  Bull,  the  Lion,  and  the  Ram  ? 

Did  not  we  here  the  Jlrgo  rig  1 

Wake  Berenice's  Periwig? 

Whose  livery  does  the  Coachman  wear  1 

Or  who  made  Cassiopeia's  chair? 

And  therefore  as  they  came  from  hence, 

With  us  may  hold  intelligence." 

Such  an  effect  the  celestial  hieroglyphics 
have  a  tendency  to  produce,  when  placed  in 
association  with  the  august  objects  of  the 
sky. 

3.  They  tend  to  lead  us  back  to  the  dark 
and  rude  ages  of  the  world,  and  to  familiarize 
our  minds  to  those  crude,  chimerical,  and  ab- 
surd conceptions  which  ought  now  to  descend 
into  oblivion.  The  signs  of  the  zodiac  and 
most  of  the  other  constellations  were  invented 
by  the  Egyptians  or  Chaldeans  to  perpetuate 
the  memory  of  some  of  their  rude  and  bar- 
barous heroes,  to  assist  them  in  their  absurd 
and  idolatrous  worship,  or  to  serve  the  foolish 
and  impious  pretentions  of  astrology.  In  neither 
of  these  respects  can  the  celestial  hieroglyphics 
be  interesting  or  instructive  to  the  modern 
student  of  astronomical  science  ;  but  they  are, 
in  almost  every  point  of  view,  associated  with 
opinions,  practices,  and  representations,  which 
deserve  the  most  marked  reprobation:  they 
also  distract  the  attention  by  turning  it  aside 
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from  the  direct  objects  of  the  science  to  the 
investigation  of  their  fabulous  history.  How 
ridiculous  the  story  of  Calisto  and  her  son 
Arces,  whom  the  rage  of  Juno  turned  into 
bears,  which  now  circulate  about  the  north 
pole  ! — the  story  of  Medusa,  whose  golden 
hair  Minerva  turned  into  snakes,  and  of  the 
winged  horse  which  sprung  from  the  blood 
which  gushed  out  in  striking  off  Medusa's 
head  ! — the  story  of  Orion,  who  was  produced 
from  the  hide  of  an  ox  moistened  with  wine  ! — 
the  story  of  the  Dragon  which  guarded  the 
golden  apples  in  the  garden  of  the  Hesperides, 
and  was  taken  up  to  heaven  and  made  a  con- 
stellation on  account  of  his  faithful  services  ! — 
the  story  of  Andromeda,  of  the  Swan,  of  Per- 
seus, and  a  hundred  others  of  a  similar  de- 
scription ! 

Such  is  the  heaven  of  the  pagans — a  com- 
mon receptacle  of  all  ranks  of  creatures,  real 
and  imaginary,  without  distinction  or  order  ; 
a  wild  miscellany  of  every  thing  that  is  false, 
grotesque,  and  chimerical.  Such  fantastical 
groups,  which  occupy  the  "  houses  of  the  Zo- 
diac," and  other  compartments  of  the  sky, 
may  comport  with  the  degrading  arts  of  the 
astrologer,  but  they  are  not  only  incompetent  to 
the  purposes,  but  completely  repugnant  to  the 
noble  elevation  of  modern  astronomical  science. 
How  incongruous,  then,  is  it  that  such  repre- 
sentations, the  wilest  hallucinations  of  the  hu- 
man mind,  should  be  blazoned  in  such  brilliant 
colours  upon  our  globes,  and  that  a  consi- 
derable portion  of  our  astronomical  treatises 
should  be  occupied  in  detailing  their  mytho- 
logical history?  Because  a  few  shepherds 
in  the  plains  of  Babylon,  or  on  the  banks  of  the 
Nile,  arranged  and  delineated  the  heavens  ac- 
cording to  the  first  crude  conceptions  which 
arose  in  their  minds,  are  these  chimerical  re- 
presentations to  guide  the  astronomers  of  every 
nation,  and  throughout  all  succeeding  genera- 
tions 1  It  becomes  the  astronomers  of  the 
present  day  to  consider,  whether  they  intend 
to  transmit  to  the  enlightened  generations  of 
the  twentieth  or  thirtieth  centuries  the  sublime 
discoveries  of  modern  times,  which  have  trans- 
formed the  heavens  into  an  immense  assem- 
blage of  suns  and  worlds, — incorporated  and 
disfigured  with  hydras,  gorgons,  flying-horses, 
three-headed  dogs,  and  other  "  dire  chimeras  ;" 
or  whether  they  might  not  be  as  well  qualified 
as  the  shepherds  of  Chaldea  to  reduce  the 
starry  groups,  in  the  concave  of  the  firmament, 
to  a  more  natural,  simple,  and  scientific 
arrangement. 

4.  The  constellations,  as  presently  depicted 
on  our  globes  and  planispheres,  convey  an 
unnatural  and  complex  representation  of  the 
heavens,  which  tends  to  confuse  the  imagina- 
tion of  the  juvenile  student.  On  some  celes- 
tial globes  which  I  have  inspected,  the  natural 
70 


and  hieroglyphic  figures  are  so  prominently 
engraved,  and  the  colours  with  which  they 
are  bespattered  so  deep  and  vivid,  that  the 
stars,  appeared  not  only  as  a  secondary  ob- 
ject, but  were  almost  invisible,  except  on  a 
very  minute  inspection.  The  animals  were 
so  nicely  drawn,  and  exhibited  such  a  glare 
of  variegated  colours,  that  the  sphere  appeared 
more  like  a  young  miss's  plaything  than  a  de- 
lineation of  the  starry  heavens.  It  seemed 
as  if  the  engraver  had  been  afraid  lest  his 
pretty  little  dogs,  and  serpents,  and  scorpions, 
and  flying-horses,  and  crabs,  and  lizards,  should 
have  been  disfigured  by  the  radiated  groups 
of  stars  which  spotted  the  pretty  creatures ; 
and  therefore  he  threw  them  into  the  shade, 
in  order  that  the  artificial  globe,  which  a  late 
philosopher  calls  "  a  philosophic  toy,"  might 
prove  nothing  more  to  the  fair  one,  who  oc- 
casionly  twirled  it  round  its  axis,  than  a 
beautifully-coloured  ball  to  fill  up  a  niche  in 
her  parlour  or  bed-room.  The  same  thing 
appears  in  many  of  our  planispheres  of  the 
heavens,  on  the  first  opening  of  which  one 
would  imagine  he  was  about  to  inspect  the 
figures  connected  with  the  natural  history  of 
animals,  or  the  fantastical  representations  il- 
lustrative of  the  system  of  pagan  mythology. 
Whatever  may  be  said  of  the  utility  of  such 
delineations,  it  is  evident  they  present  a  very 
awkward  and  unnatural  representation  of 
the  beautiful  and  variegated  scenery  of  a  star- 
ry sky  ;  and  hence  it  is  that  a  young  person 
who  wishes  to  acquire  a  general  knowledge 
of  the  positions  of  the  principal  stars  finds  it 
extremely  difficult  to  recognise  them  by  our 
present  maps  and  planispheres,  on  account  of 
their  being  so  much  interwoven  with  extra- 
neous objects,  and,  on  this  account,  presenting 
appearances  so  very  different  from  what  they 
do  in  the  heavens. 

For  these  and  many  other  reasons,  it  ap- 
pears expedient  that  some  change  or  modifi- 
cation should  be  adopted  in  the  arrangement 
and  delineation  of  the  celestial  orbs.  ,  Were 
any  scheme  of  this  kind  attempted,  it  would 
be  proper  to  proceed  on  the  following  princi- 
ple, among  others — namely,  to  give  names  to 
the  starry  groups  from  objects  which  bear 
the  nearest  resemblance  to  the  actual  figures 
which  appear  in  the  heavens.  I  shall  not 
presume,  at  present,  to  determine  what  are 
the  particular  objects  which  might  be  selected 
for  representing  the  constellations ;  as  it  would 
require  a  combination  of  astronomers  to  enter 
particularly  into  the  discussion.  It  is  evident, 
however,  that  a  number  of  clusters  might  be 
reduced  to  mathematical  figures  and  diagrams ; 
and  in  so  far  as  these  were  found  to  resemble 
the  starry  groups,  they  would  form  a  natural 
representation.  For  there  actually  appear  in 
the  heaven — triangles,  squares,  parallelograms, 
3  A  (553) 
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pentagons,  crosses,  trapeziums,  perpendicular 
and  parallel  lines,  and  various  combinations  of 
geometrical  schemes,  some  of  which  might  be 
selected  for  the  purpose  proposed.  It  would  be 
expedient  that  as  many  as  possible  of  the  old 
constellations  should  be  preserved  entire ;  such 
as  Orion,  Ursa  Major,  and  others ;  and  that 
those  which  behoved  to  be  somewhat  deranged 
should  be  so  divided  as  that  two  or  more  of 
the  new-formed  constellations  should  exactly 
correspond  to  one  of  the  old,  and  vice  versa. 

To  any  proposal  of  this  kind,  however,  I 
am  aware  that  many  objections  would  be 
raised,  particularly  that  it  would  introduce  con- 
fusion into  the  science  of  astronomy,  espe- 
cially when  references  are  made  to  ancient 
catalogues  and  observations.  It  is  well  known 
however  that  a  similar  difficulty  has  been 
overcome  in  reference  to  the  science  of  chemis- 
try. The  new  nomenclature,  which  was  in- 
tended to  express  the  nature  of  the  substance 
by  the  name  which  is  attached  to  it,  though 
at  first  scouted  by  many  eminent  chemists 
and  philosophers,  is  now  universally  adopted, 
and  has  introduced  both  simplicity  and  pre- 
cision into  the  science.  The  same  may  be 
«aid  of  the  departments  of  geology,  botany, 
zoology,  mineralogy,  and  meteorology.  The 
principle  now  proposed  in  reference  to  the  con- 
stellations is  materially  the  same  as  that  which 
led  to  the  adoption  of  a  new  chemical  nomencla- 
ture ;  and,  with  regard  to  the  inconveniences 
attending  a  new  set  of  terms,  it  may  be  ob- 
served, in  the  words  of  M.  Bergman,  that 
"  those  who  are  already  possessed  of  know- 
ledge cannot  be  deprived  of  it  by  new  terms ; 
and  those  who  have  their  knowledge  to  ac- 
quire will  be  enabled,  by  an  improvement  in 
the  language  of  the  science,  to  acquire  it 
sooner." 

The  opposition,  however,  which  is  gene- 
rally made  to  every  innovation,  whether  in 
science  or  religion,  the  high  respect  in  which 
every  thing  is  held  which  has  the  sanction  of 
antiquity,  the  difficulty  of  forming  such  an  ar- 
rangement as  would  combine  simplicity  with 
accuracy,  and  meet  the  approbation  of  astro- 
nomers, will  probably  postpone  the  attempt  to 
some  distant  period.  I  would  therefore  pro- 
pose, in  the  mean  time,  as  matters  now  stand, 
one  or  other  of  the  following  plans  for  adop- 
tion : — 1.  That  the  stars  be  depicted  on  celes- 
tial globes  and  planispheres  in  their  true  posi- 
tions, and  apparent  magnitudes,  without  being 
connected  with  any  hieroglyphic  delineations; 
the  different  constellations  still  retaining  their 
former  names.  By  this  plan,  the  different 
clusters,  not  being  encumbered  and  buried,  as 
it  were,  in  a  medley  of  grotesque  and  extra- 
neous representations,  would  appear  in  their 
natural  simplicity,  without  distortion  and  con- 
fusion, so  that  the  globe,  being  rectified  to  any 
(554) 


particular  position  of  the  heavens,  would  ap- 
pear a  natural  as  well  as  accurate  represen- 
tation of  the  corresponding  orbs  of  the  firma- 
ment. To  distinguish  the  boundaries  of  the 
constellations,  a  dotted  line  might  be  drawn 
around  them,  and  each  of  them  receive  a  very 
slight  tint  of  colouring,  so  that  their  shape 
and  limits  may  be  distinguished  at  a  glance. 
Or,  2.  Instead  of  engraving  the  stars  on  a 
white  ground,  as  is  always  done  on  the  globes, 
let  them  be  engraved  on  a  black  or  a  dark-blue 
ground,  so  that  the  several  stars  may  appear 
as  so  many  white  specks,  varying  in  size  ac- 
cording to  their  apparent  magnitudes,  with  a 
white  border  (which  might  be  coloured  if 
deemed  expedient)  around  each  constellation, 
to  mark  its  boundaries.  On  this  plan  the 
principal  stars  in  the  constellation  Orion, 
with  its  boundary,  would  appear  nearly  as 
represented  in  the  following  cut. 


This  mode  of  delineation  would  exhibit  the 
most  natural  representation  which  can  be 
made,  on  a  convex  surface,  of  the  appearance 
of  the  starry  sky.  I  am  fully  persuaded  that 
globes,  with  either  of  these  modes  of  delinea 
tion,  particularly  the  last,  would  be  prized  by 
a  numerous  class  of  individuals ;  as  I  have 
seldom  conversed  with  any  person  on  this  sub- 
ject who  would  not  have  preferred  such  a 
simple  and  natural  delineation  to  those  which 
are  bespattered  with  the  mythological  figures. 
Should  it,  however,  be  deemed  necessary,  in 
cases  of  particular  and  minute  reference,  to 
have  globes  and  planispheres  on  the  common 
plan,  a  number  of  delineations  of  both  kinds 
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might  be  engraved  to  suit  the  taste  of  diffe- 
rent individuals;  and  those  to  whom  money 
is  no  great  object  would  furnish  themselves 
with  one  of  each  description,  so  that  the  one 
globe  would  prove  a  mutual  assistance  to  the 
other.* 

That  the  opinions  I  have  now  expressed  on 
this  subject  are  not  altogether  singular  will 
appear  from  the  following  extract  from  Sir  J. 
llerschel's  "  Astronomy."  "  Of  course  we 
do  not  here  speak  of  those  uncouth  figures 
and  outlines  of  men  and  monsters  which  are 
usually  scribbled  over  celestial  globes  and  maps, 
in  a  rude  and  barbarous  way,  to  enable  us  to 
talk  of  groups  of  stars,  or  districts  in  the 
heavens,  by  names  which,  though  absurd  or 
puerile  in  their  origin,  it  would  be  difficult  to 
dislodge  them.  In  so  far  as  they  have  really 
any  slight  resemblance  to  the  figures  called  up 
in  imagination  by  a  view  of  the  more  splendid 


'  constellations,'  they  have  a  certain  conve- 
nience ;  but  as  they  are  otherwise  entirely  arbi- 
trary, and  correspond  to  no  natural  subdivi- 
sions or  groupings  of  the  stars,  astronomers 
treat  them  lightly,  or  altogether  disregard 
them,  except  for  briefly  naming  particular 
stars,  as  a  Leonis,  j3  Scorpio,  &c.,  by  letters 
of  the  Greek  alphabet  attached  to  them." 
And  again, — "  This  disregard  is  neither  super- 
cilious nor  causeless.  The  constellations 
seem  to  have  been  almost  purposely  named 
and  delineated  to  causo  as  much  confusion 
and  inconvenience  as  possible.  Innumerable 
snakes  twine  through  long  and  contorted  areas 
of  the  heavens,  where  no  memory  can  follow 
them ;  bears,  lions,  and  fishes,  large  and  small, 
northern  and  southern,  confuse  all  nomencla- 
ture, &c.  A  better  system  of  constellations 
might  have  been  a  material  help  as  an  artifi- 
cial memory  ."j- 


CHAPTER  IV. 

On  the  Distances  of  the  Stars. 


To  measure  the  length  and  breadth  of  an 
extensive  kingdom,  and  to  compute  its  dimen- 
sions, or  to  determine  the  distances  between 
two  large  islands  or  continents,  was  formerly 
reckoned  an  achievement  of  considerable 
magnitude  ;  but  to  measure  the  whole  earth, 
to  compute  its  area,  and  to  determine  its  ex- 
act figure  and  magnitude,  were  considered  as 
the  most  astonishing  enterprises  ever  attempt- 
ed by  man,  and  almost  beyond  the  reach  of 
the  powers  with  which  he  is  endowed.  Con- 
fined to  a  small  spot  in  the  world  in  which 
he  dwells,  having  no  scale  of  measurement, 
in  the  first  instance,  but  his  own  dimensions, 
or  the  length  of  a  rod  or  chain  formed  from 
these  dimensions,  how  can  he  measure  spaces 
hundreds  of  times  greater  than  the  extent  of 
his  whole  visible  horizon  ]  how  can  he  com- 
pute the  distance  and  dimensions  of  places 
which  he  has  never  visited,  and  some  of  which 
he  never  can  visit,  and  embrace  the  whole 
amplitude  of  a  world  which  has  never  been 
thoroughly  explored  ?  The  height  of  his  body 

*  The  above  remarks  are  abridged  from  two 
papers  on  this  subject,  which  the  author  commu- 
nicated twenty  years  ago  to  the  London  "Month- 
ly Magazine"  for  October,  1818,  and  January, 
1819,  Vol.  46,  pp.  201,  and  500. 

f  Since  the  above  was  written  in  April,  1838,  I 
am  happy  to  learn  that  the  "British  Association 
for  the  advancement  of  Science"  has  had  its  at- 
tention directed  to  this  subject.  At  the  meeting 
at  New  Castle  in  August,  1838,  it  was  resolved, 
"  That  it  is  desirable  that  a  revision  of  the  nomen- 
clature of  the  stars  should  be  made,  with  a  view 
to  ascertain,  whether  or  not  a  more  correct  distri- 
bution of  them  among  the  present  constellations, 
or  such  other  constellations  as  it  may  be  consi- 
dered desirable  to  adopt,  may  be  formed."  At 


is  but  a  fathom,  and  the  length  of  his  chain 
but  a  score  of  fathoms,  and  such  measures 
dwindle  into  mere  points  when  compared  with 
the  dimensions  of  the  earth.  Hence  it  hap- 
pened that  many  ages  elapsed  before  the  figure 
and  dimensions  of  the  world  in  which  we 
dwell  were  nearly  ascertained.  The  powers 
of  the  human  mind,  however,  when  called 
into  action  and  properly  exercised,  are  not 
only  capable  of  such  enterprises,  but  adequate 
to  the  performance  of  still  more  elevated 
achievements.  When  the  mind  of  man  is 
determined  on  the  pursuit  of  knowledge,  and 
bent  upon  improvement,  difficulties,  however 
great,  only  serve  as  incitements  to  action  and 
perseverance,  and  to  stimulate  his  energies  to 
their  highest  pitch  of  exertion.  He  multiplies 
small  measures  till  he  arrive  at  greater;  he 
combines  units  into  tens,  tens  into  hundreds, 
hundreds  into  thousands,  and  thousands  into 
millions.  He  combines  lines  into  angles, 
angles  into  triangles;  compares  triangles', 
squares,  and  circles  together ;  ascertains  their 

the  meeting  at  Birminjjham,  August,  1839.  the 
committee  appointed  to  report  on  this  subject 
stated,  "That  some  progress  has  been  made  in 
reforming  the  nomenclature  of  the  northern  con- 
stellations ;  and  that  the  stars  in  the  southern 
have  been  commenced  laying  down  on  a  plani- 
sphere, according  to  their  observed  actual  magni- 
tudes, for  the  purpose  of  grouping  them  in  a  more 
convenient  and  advantageous  manner."  It  is 
hoped,  "rerefore,  that  we  shall  soon  be  presented 
with  an  arrangement  and  nomenclature  of  the 
starry  groups,  accordant  with  the  sublime  con- 
ceptions and  discoveries  of  modern  astronomy, 
and  which  shall  present,  on  our  globes  and  plani- 
spheres, a  more  perspicuous  and  natural  repre- 
sentation of  the  heavens. 

(555) 


32  SIDEREAL  HEAVENS. 

peculiar  properties  and  relations ;  and,  from  planets  is  determined  by  means  of  the  hori- 
the  conclusions  he  deduces,  constructs  instru-  zontal  parallax,  or  the  angle  under  which 
ments  and  ascertains  principles  which  enable  the  earth's  semi-diameter  is  seen  at  any  of 
him  not  only  to  measure  the  dimensions  of  these  bodies.*  But  such  a  mode  is  altogether 
this  lower  world,  but  the  magnitudes  and  dis-  inapplicable  to  the  fixed  stars,  whose  distance 
tances  of  the  globes  which  roll  around  him  in  from  the  earth  is  so  great  that  the  horizontal 
the  heavens.  parallax  is  quite  imperceptible,  Astronomers 

There  is  no  saying  at  what  point  the  hu-  have  therefore  attempted  to  find  a  parallax  by 
man  faculties  will  stop  when  once  they  are  using  the  whole  diameter  of  the  earth's  an- 
aroused  to  active  operation,  and  stimulated  nual  orbit  as  a  base  line, — namely,  one  hun- 
to  exert  all  their  energies.  We  have  not  dred  and  ninety  millions  of  miles, — and  en- 
only  ascertained  the  bulk  of  the  terraqueous  deavouring  to  ascertain  whether  any  of  the 
globe,  its  spheroidal  figure,  its  diurnal  and  fixed  stars  appear  to  shift  their  position  when 
annual  motions,  and  the  relation  in  which  it  viewed  from  the  opposite  extremities  of  this 
stands  to  other  bodies  in  the  universe,  but  line.  The  nature  and  mode  of  this  investi- 
we  have  determined  the  dimensions  of  the  gation  will  appear  from  the  following  expla- 
solar  system,  and  the  distances  and  magni-  nations : 

tudes  of  most  of  the  bodies  it  contains,  so  The  axis  of  the  earth  extended,  being 
that  we  can  now  speak  with  as  much  cer-  carried  parallel  to  ftself  during  its  annual 
tainty  of  the  distance  of  the  sun,  or  of  Jupiter  revolution  round  the  sun,  describes  a  circle  in 
and  Saturn,  as  we  can  do  of  the*  distance  of  the  sphere  of  the  fixed  stars  equal  to  the  orbit 
London  from  Paris,  or  of  the  distances  of  any  of  the  earth.  Thus,  (fig.  5.)  let  A  B  CD 
two  places  on  the  surface  of  the  earth.  This  be  the  orbit  of  the  earth,  S  the  sun,  the  dot- 
is  an  achievement  which  at  first  view  might  ted  lines  the  axis  of  the  earth  extended ;  this 
have  appeared  beyond  the  power  of  human  axis,  when  the  earth  is  at  A,  points  at  a  in 
genius  to  accomplish ;  but  by  the  unwearied  the  sphere  of  the  heavens  ;  when  the  earth  is 
observations  of  modern  astronomers,  and  the  at  B,  it  points  at  b  ;  when  at  C,  it  points  at 
application  of  mathematical  principles  to  such  c ;  and  when  at  D,  it  points  at  d ;  so  that  in 
observations,  they  have  been  enabled  to  trace  the  course  of  a  year  it  describes  the  circle  a  b 
the  exact  movements  of  the  machinery  which  c  d  in  the  sphere  of  the  heavens,  equal  to  the 
is  in  operation  around  us,  and  to  determine  circle  A  B  C  D.  But  although  the  orbit  of 
with  precision  the  relative  distance  and  posi-  the  earth,  and  consequently  the  circle  abed, 
tion  of  every  planet  within  the  system  of  the  be  immensely  large,  no  less  than  many  mil- 
sun.  There  are  limits,  however,  beyond  lions  of  miles  in  diameter,  yet  it  is  but  a  point 
which  it  is  difficult  for  the  human  faculties  to  in  comparison  of  the  boundless  sphere  of  the 
penetrate.  The  planetary  system  comprises  heavens.  The  angle  under  which  it  appears 
an  area  so  vast  that  imagination  is  almost  lost  to  an  inhabitant  of  the  earth  is  insensible  by 
in  the  conception.  A  circle  drawn  around  any  instruments  or  observations  that  have 
its  circumference  would  measure  more  than  hitherto  been  made,  and  therefore  the  celes- 
eleven  thousand  millions  of  miles ;  and  a  body  tial  poles  appear  in  the  same  points  of  the 
moving  at  the  rate  of  thirty  miles  an  hour  heavens  during  the  whole  of  the  earth's  an- 
would  require  above  forty-two  thousand  years  nual  course.  The  star  H  is  nearer  the  point 
to  complete  the  circuit ;  still  these  vast  di-  a  than  it  is  to  the  point  c  by  the  whole  length 
mensions  are  within  the  limits  of  measurable  of  the  line  a  c,  yet  if  this  line  a  c,  great  as  it 
distance.  But  when  we  attempt  to  pass  be-  is  when  viewed  from  the  earth,  should  occupy 
yond  the  boundaries  of  this  system  into  the  no  sensible  space  in  the  sphere  of  the  heavens, 
illimitable  spaces  which  lie  beyond,  all  our  the  star  will  appear  at  the  same  distance  from 
usual  modes  of  computation  begin  to  fail,  and  the  pole  throughout  every  portion  of  the  an- 
the  mind  is  overpowered  and  bewildered  nual  revolution,  and  consequently  will  have 
amidst  boundless  space,  and  the  multiplicity  no  parallax, — which  is  found  to  be  the  fact, 
of  orbs  which  fill  the  regions  of  immensity.  If  the  annual  parallax  of  a  fixed  star  were 
We  can  tell  that  some  of  the  nearest  of  these  sensible,  the  star  would  appear  to  change  its 
orbs  are  not  within  a  certain  distance,  but  place  so  as  to  describe  a  small  ellipsis  in  the 
how  far  they  may  lie  beyond  it  the  most  ex-  sphere  of  the  heavens  in  the  course  of  a  year, 
pert  astronomer  has  never  yet  been  able  to  or  an  annual  revolution  of  the  earth.  Thus, 
compute.  let  G  E  F  I  (fig.  6)  be  the  orbit  of  the  earth, 

The  principal  mode  by  which  the  distance  and  K  the  star  to  be  observed, — if  we  ima- 
of  the  fixed  stars  has  been  attempted  to  be  gine  a  straight  line  to  be  drawn  from  the 
determined  is  by  endeavouring  to  ascertain  earth  at  G  through  the  star  to  a  point  in  the 
whether  any  of  them  have  an  annual  paral-  heavens,  as  at  i,  that  visual  line  G  i  being 
lax.  I  have  already  explained  the  mode  by  carried  along  with  the  earth  in  its  annual 
which  the  distances  of  the  sun,  moon,  and  *  "Celestial  Scenery,"  pp.  141. 142. 
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motion,  will  describe  the  ellipse  h  n  i;  in 
other  words,  the  motion  of  the  earth  round 
its  orbit  G  E  F  /will  make  the  star  appear 


Fig.  5. 


Fig.  6. 


to  go  round  the  ellipse  h  n  i.  If  the  star  K 
were  in  the  pole  of  the  ecliptic,  the  ellipse  it 
described  would  have  the  same  eccentricity 
as  the  orbit  of  the  earth,  and  consequently 
would  diffe$Very  little  from  a  circle ;  if  it  were 
at  any  distance  from  the  pole  of  the  ecliptic,* 
the  greater  that  distance,  the  more  oblong 
would  be  the  ellipse.  If  the  star  were  in  the 
plane  of  the  ecliptic,  the  ellipse  would  become 
a  straight  line,  as  i  h,  in  which  the  star  would 
appear  to  move  one-half  of  the  year  accordi  g 
to  the  order  of  the  signs,  and  contrary  t^  the 
order  of  the  signs  during  the  other  !*alf, — 
somewhat  similar  to  the  appearance  which 
the  moons  of  Jupiter  present  when  moving 
between  the  opposite  points  of  their  orbits. 
If  therefore  the  stars  were  at  a  moderate  dis- 
tance from  the  earth,  so  that  the  diameter  of 
the  earth's  orbit,  G  F,  bore  a  sensible  pro- 
portion to  that  distance,  the  star  would  be 
found  at  one  time  of  the  year,  suppose  the 
month  of  December,  at  the  point  i,  and  at 
the  opposite  season,  in  the  month  of  June,  at 
the  point  h  ;  and  if  the  angle  i  K  h,  which  is 
equal  to  the  angle  G  K  F  could  be  found, 

*  The  pole  of  the  ellipse  is  that  point  in  the  hea- 
vens which  is  farthest  distant  from  the  plane  of 
the  earth's  orbit,  or  90°  from  every  part  of  it,  as 
the  north  pole  of  the  earth  is  the  point  distant  90°- 
from  the  equator.  The  pole  of  any  circle  is  a  point 
on  the  surface  of  the  sphere  90°  distant  from  every 
part  of  that  circle  of  wkich  it  is  the  pole. 


it  would  constitute  what  is  termed  the  annua 
parallax,-  and  having  obtained  this  parallax, 
and  knowing  the  extent  of  the  base  line  G  F, 
or  the  diameter  of  the  earth's  orbit,  the  dis- 
tance of  the  stars  whose  parallax  was  ascer- 
tained could  then  be  determined  by  an  easy 
process  in  trigonometry  ;  for  as  radius :  is  to 
the  sine  of  the  angle  i  K  h  =  GKF:  :  so  is 
the  diameter  of  the  orbit  of  the  earth,  190,- 
000,000  of  miles :  to  a  fourth  number,  which 
would  express  the  distance  of  the  particular 
stars  from  our  globe. 

But  this  angle,  in  respect  to  any  of  the  stars, 
has  never  yet  been  ascertained ;  although  as- 
tronomers for  more  than  a  century  past  have 
used  the  most  accurate  instruments  which 
ingenuity  could  contrive,  and  the  most  un- 
wearied observations  in  order  to  determine  it. 

Galileo  appears  to  have  been  the  first  who 
thought  of  trying  whether  the  annual  paral- 
lax of  the  stars  were  discoverable.  Taking 
for  granted  that  the  stars  are  placed  at  diffe- 
rent distances  from  the  earth,  and  that  those 
stars  which  are  nearest  will  appear  the  largest, 
he  suggested  that,  by  observing  with  a  tele- 
scope two  stars  very  near  each  other,  one  of 
the  greatest  and  the  other  of  the  least  magni- 
tude, their  apparent  distance  from  each  otfyer 
might  perhaps  be  found  to  vary  as  they  were 
viewed  from  different  parts  of  the  earth's  or- 
bit at  different  times  of  the  year;  but  no 
change  of  position  whatever  was  at  that  period 
perceived. 

If  any  change  of  this  kind  were  perceptible, 
it  behoved  to  be  a  change  either  in  the  longi- 
tude or  latitude  of  the  stars  fixed  upon  as  the 
subject  for  observation.  These  are  found,  not 
directly,  but  by  first  determining  their  declina- 
tion and  right  ascension.  The  declination 
of  a  star  is  found  by  taking  its  meridian  alti- 
tude, and  subtracting  the  height  of  the  equa- 
tor; the  right  ascension  is  found  by  the  time 
of  its  coming  to  the  meridian.-f-  We  have 
thus  two  methods  pointed  out  of  attempting 
to  determine  the  annual  parallax  of  the  stars : 
one,  by  observing  if  any  change  can  be  dis- 
covered in  the  meridian  altitudes  of  the  same 
star  at  different  times  of  the  year ;  the  other, 
by  examining  whether  the  intervals  of  time 
between  any  two  stars  coming  to  the  meridian 

•f  The  latitude  of  a  star  is  its  distance  from  the 
ecliptic,  either  north  or  south,  counted  towards  the 
pole  of  the  ecliptic.  Its  longitude  i*  *ts  distance 
from  the  first  point  of  Aries,  reckoned  eastward 
on  the  ecliptic.  The  declination  of  a  star  is 
its  distance  from  the  equinoctial  north  or  south, 
and  the  greatest  declination  it  can  have  is  90". 
Its  right  ascension  is  its  distance  from  the  first 
point  of  Aries,  reckoned  on  the  equinoctial  east- 
ward round  the  sphere  of  the  heavens,  or  that 
degree  of  the  equinoctial  which  comes  to  the 
meridian  with  the  star.  By  the  right  ascension 
and  declination  the  situation  of  stars  in  the 
heavens  is  determined,  as  that  of  places  on  the 
earth  by  longitude  and  latitude. 
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are  equal  throughout  the  year.  If  there  be 
any  sensible  change  of  declination  in  any  of 
the  stars,  it  must  be  greatest  in  those  which 
are  near  the  poles  of  the  ecliptic;  but  the 
change  of  right  ascension  must  be  greatest  in 
stars  in  the  solstitial  colure,  and  nearest  the 
pole  of  the  equinoctial. 

The  following  is  the  plan  by  which  the  dis- 
covery of  the  annual  parallax,  by  the  change 
of  the  declination  of  the  stars,  may  be  at- 
tempted. Let  a  telescope  be  placed  perpen- 
dicular to  the  horizon,  and  through  this  instru- 
ment, when  accurately  adjusted,  observe  some 
star  in  or  near  the  solstitial  colure,*  which 
passes  through  the  zenith,  or  very  near  it.  If 
the  parallax  of  the  star  be  sensible,  there  will 
appear  a  difference  in  its  altitudes  at  different 
periods  of  the  year,  and  its  altitudes  at  the  two 
solsticesf  will  differ  most  from  each  other. 
In  the  month  of  June  a  star  that  passes 
through  the  zenith  of  any  place,  in  north  lati- 
tude, will  in  December  pass  south  of  the  ze- 
nith, and  a  star  that  in  December  passes 
through  the  zenith  will  in  June  pass  to  the 
north  of  it,  if  there  be  any  sensible  parallax. 

The  celebrated  Dr.  Robert  Hook  was  among 
the  first  who  suggested  this  method  of  attempt- 
ing to  find  the  parallax  of  the  stars.  In  the 
year  1669  he  endeavoured  to  put  it  in  prac- 
tice at  Gresham  College,  with  a  telescope 
thirty-six  feet  in  length.  His  observation  was 
made  on  the  6th  of  July,  on  the  bright  star 
in  the  head  of  Draco  marked  Gamma.  On 
that  day  it  passed  2'  12"  north  of  the  zenith. 
On  July  9th  it  passed  at  the  same  distance  as 
before.  On  the  6th  of  August  the  star  passed 
north  of  the  zenith  2'  6",  and  on  the  21st  of 
October  it  passed  I'  48"  north  of  the  zenith. 
But  at  that  period  astronomical  instruments 
were  not  constructed  with  such  accuracy  as  to 
enable  the  observer  to  determine  with  preci- 
sion the  quantity  of  so  small  angles ;  and  even 
Dr.  Hook  himself  could  place  no  great  reli- 
ance on  such  observations.  In  the  year  1689, 
Flamstead,  the  astronomer  royal,  commenced 
similar  observations  with  an  instrument  adapted 
to  a  refracting  telescope  seven  feet  long,  and, 
after  numerous  observations,  he  supposed  that 
he  found  the  pole  star  nearer  the  pole  in  De- 
cember than  in  the  months  of  April,  May, 
July,  August,  or  September;  and  that  its  ap- 
parent distance  from  the  pole  was  greater  in 

*  The  colures  are  two  great  circles  passing 
through  the  poles  of  the  wond ;  one  of  them 
passes  through  the  equinoctial  points  Aries  and 
Libra,  which  is  called  the  equinoctial  colure  ;  tio 
other  through  the  solstitial  points  Cancer  and 
Capricorn,  called  the  solstitial  colure.  They  are 
drawn  on  all  celestial  globes  and  planispheres. 

t'J'he  solstitial  points,  or  solstices,  are  where 
the  ecliptic  touches  the  first  points  of  Cancer  and 
Capricorn.  The  summer  solstice  is  on  the  21st  of 
June ;  the  winter  solstice  is  on  the  21st  of  De- 
cember. 
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April  than  in  September,  and  greater  in  July 
and  May  than  in  April ;  and  from  the  whole 
of  his  observations  he  deduced  that  its  appa- 
rent distance  from  the  pole  in  June  must  be 
forty-six  seconds  different  from  that  in  De- 
cember. But  even  Flamstead  himself  speaks 
of  these  observations  with  a  great  deal  of 
diffidence,  owing  to  his  doubts  about  the  regu- 
lar divisions  of  his  instruments. 

From  these  observations  of  Hook  and  Flam- 
stead,  supposing  them  to  be  nearly  correct, 
Mr.  Whiston  computed  that  the  greatest  an- 
nual parallax  of  a  star  in  the  pole  of  the  eclip- 
tic is  forty-seven  seconds ;  and  hence  he  cal- 
culated the  distance  of  such  stars  to  be  about 
9000  semidiameters  of  the  earth's  orbit,  then 
estimated  at  eighty  millions  of  miles,  or  about 
700,000,000,000,  that  is  seven  hundred  thou- 
sand millions  of  miles, — a  distance  so  great 
that  it  would  require  a  cannon  ball,  moving 
500  miles  an  hour,  more  than  160,000  years 
to  move  across  this  immense  interval.  But 
we  have  reason  to  believe  that  the  distance 
of  the  nearest  stars  from  our  globe  is  at  least 
forty  times  the  distance  now  stated ;  for  mo- 
dern astronomers  would  long  since  have  de- 
termined the  annual  parallax  had  it  been 
nearly  so  great  as  Hook  and  Flamstead  sup- 
posed ;  nay,  had  it  amounted  to  2"  instead  of 
of  47"  this  grand  problem,  as  it  respects  the 
nearest  stars,  would  have  been  resolved. 

The  human  mind,  when  ardently  engaged 
in  the  pursuit  of  any  object,  is  seldom  deterred 
by  difficulties  ;  and  astronomers  in  particular, 
notwithstanding  the  intricacies  and  difficulties 
connected  with  many  of  the  obj^fts  of  their 
investigation,  have  persevered  in  their  obser- 
vations and  researches,  and  have  not  unfre- 
quently  arrived  at  the  most  important  and  un- 
expected results.  In  the  year  1725,  Mr. 
Molyneux,  doubtful  of  the  accuracy  of  the 
observations  of  Hook  and  Flamstead,  began 
a  series  of  observations,  to  ascertain,  if  possi- 
ble, the  true  annual  parallax.  Assisted  by 
Dr.  Bradley,  he  placed  a  telescope  of  twenty- 
four  feet  long  perpendicularly  at  his  house  al 
Kew,  and  began  to  observe  the  same  bright  star 
in  Draco  as  Hook  had  done.  From  the  3d  of 
December  that  year  it  was  found  that  the  star 
did  not  sensibly  change  its  distance  from  the 
zenith  for  several  days.  On  December  17th 
it  passed  a  little  more  southerly,  and  continued 
gradually  to  pass  more  and  more  southerly  at 
every  transit  over  the  meridian  till  the  begin- 
ning of  March,  when  it  was  found  to  pass 
twenty  seconds  more  southerly  than  at  the 
time  of  the  first  observation.  About  the  middle 
of  April  it  appeared  to  be  returning  towards 
the  north,  and  at  the  beginning  of  June  it 
passed  the  meridian  at  the  same  distance  from 
the  zenith  as  in  December,  when  it  was  first 
observed.  From  that  time  it  appeared  more 
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and  more  northerly  at  every  transit  till  Sep- 
tember following,  being  then  twenty  seconds 
more  northerly  than  in  June,  and  no  less  than 
thirty-nine  seconds  more  northerly  than  in 
March.  From  September  the  star  returned 
towards  the  south  till  it  arrived,  in  Dece'mber, 
at  the  same  situation  in  which  it  was  found  a 
twelvemonth  before. 

The  result  of  these  observations,  so  diffe- 
rent from  what  was  expected,  was  a  matter 
of  great  surprise  to  the  observers ;  for  it  ap- 
peared that  the  star  was  thirty -nine  seconds 
more  northerly  in  September  than  in  March, 
just  the  contrary  to  what  it  ought  to  appear 
by  the  annual  parallax  of  the  stars.  This 
.may  be  illustrated  by  the  following  figure  : 


Let  A  B  C  D  represent  the  orbit  of  the 
earth,  and  A  and  C  the  place  of  the  earth  at 
two  opposite  periods  of  the  year ;  then  a  fixed 
object  at  E  will  be  seen  from  the  earth  at  A, 
in  the  line  A  E,  which  will  point  out  its  ap- 
parent place  at  G  in  the  concave  expanse  of 
the  sky.  But  at  the  opposite  period  of  the 
year  it  will  be  seen  from  the  earth  at  C  in  the 
line  C  E,  which  will  project  its  place  in  the 
heavens  at  F ;  so  that  while  the  earth  has 
passed  from  A  to  C  the  object  will  appear  to 
have  moved  from  G  to  F,  through  the  space 
G  F,  provided  there  be  any  sensible  parallax. 
Now,  in  the  case  of  the  observations  stated 
above,  the  observers  who  in  September  saw 
the  star  at  F,  did  in  March  following  observe 
it  at  K,  in  the  right  line  A  K,  parallel  to  C  F, 
and  not  at  G,  where  it  ought  to  have  appeared 


by  the  parallactic  motion;  so  that,  instead 
of  finding  a  parallax,  they  found  a  result  di- 
rectly opposite  to  what  they  expected,  which 
exceedingly  perplexed  the  observers,  and  one 
of  them,  Mr.  Molyneux,  died  before  the  true 
cause  of  it  was  discovered. 

•  Some  time  afterwards  Dr.  Bradley  repeated 
the  same  observations  with  an  instrument  of 
great  accuracy,  to  which  was  appended  a 
telescope  twelve  and  a  half  feet  long.  With 
this  instrument,  which  was  so  nicely  adjusted 
that  he  could  depend  upon  it  even  to  half  a 
second,  he  continued  his  observations  for  more 
than  two  years,  not  only  on  the  bright  star  in 
Draco,  above  alluded  to,  but  on  many  other 
stars,  and  always  observed  the  same  appear- 
ances and  arrived  at  the  same  results.  At 
last,  after  many  reflections  and  conjectures  on 
the  subject,  he  arrived  at  the  following  con- 
clusion— namely,  that  the  phenomenon  he 
had  observed  was  owing  to  "  the  progressive 
motion  of  light,  and  the  sensible  proportion 
which  its  velocity  bears  to  the  velocity  of  the 
annual  motion  of  the  earth."  In  other  words, 
that  the  motion  of  light,  combined  with  the 
progressive  motion  of  the  earth  in  its  orbit, 
causes  the  stars  to  be  seen  in  a  different 
position  from  what  they  would  be  if  the  eye 
were  at  rest.  This  position,  after  it  was  ex- 
plained and  demonstrated,  was  considered  as 
one  of  the  most  brilliant  discoveries  which 
had  been  brought  to  light  during  the  last 
century.  It  agrees  with  the  velocity  of  light 
which  had  been  deduced  from  the  eclipses  of 
Jupiter's  satellites,  and  it  amounts  to  a  sensi- 
ble demonstration  of  the  annual  motion  of 
the  earth.  The  observations  which  led  to 
this  discovery  likewise  prove  the  immense 
distance  of  the  stars  from  the  earth  ;  for  Dr. 
Bradley  assures  us,  from  the  accuracy  with 
which  they  were  conducted,  that  if  the  annual 
parallax  had  amounted  to  so  much  as  one  second 
he  should  have  discovered  it. 

If,  then,  the  greatest  annual  parallax  of 
the  nearest  stars  does  not  amount  to  one 
second,  their  distance  must  be  immense. 
Supposing  the  parallax  to  be  exactly  one 
second,  the  distance  of  a  star  having  this  par- 
allax will  be  found  by  the  following  trigono- 
metrical proportion : — As  the  sine  of  I"  :  is 
to  radius : :  so  is  the  semi-diameter  of  the 
earth's  orbit :  to  a  fourth  number,  which  ex- 
presses the  distance  of  the  star.  Now,  a 
parallax  of  one  second  Determines  the  object 
to  be  212,000  times  further  from  the  earth 
than  is  the  sun.  The  distance  of  the  sun  is 
95,000,000  of  miles,  which,  multiplied  by 
212,000,  produces  20,140,000,000,000,  or 
more  than  twenty  billions  of  miles.  This 
distance  is  absolutely  certain  :  it  follows,  as  a 
matter  of  course,  if  the  annual  parallax  were 
determined  to  be  one  second.  It  is  the  very 
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least  distance  at  which  any  of  the  fixed  stars 
can  be  situated  from  our  globe  ;  but  as  the 
parallax  does  not  amount  to  this  quantity, 
their  distance  must  be  much  further  than  what 
is  here  stated,  perhaps  not  less  than  double  or 
treble  that  distance.  We  may  acquire  some 
faint  idea  of  the  immense  distance  stated  above 
by  considering  that  a  cannon  ball,  flying  with 
uniform  velocity  500  miles  every  hour,  would 
require  four  millions,  and  Jive  hundred  and 
ninety-jive  thousand  years  before  it  could 
reach  an  object  at  the  distance  we  have  stated. 
Such  arc  the  ample  and  inconceivable  dimen- 
sions of  the  spaces  of  the  universe. 

Several  other  methods  have  been  resorted 
to  by  astronomers  in  order,  if  possible,  to  de- 
termine the  distance  of  the  stars,  but  most  of 
them  are  founded  upon  assumptions  which 
have  not  yet  been  proved.  The  celebrated 
Huygens,  as  recorded  in  his  "  Cosmotheoros," 
despairing  of  being  able  to  find  an  annual 
parallax,  resorted  to  the  following  method : — 
supposing  that  the  star  Sirius,  one  of  the 
brightest  fixed  stars  in  the  heavens,  to  be 
equal  in  lustre  and  magnitude  to  the  sun,  he 
endeavoured  to  diminish  the  apparent  diameter 
of  the  sun  to  the  eye,  so  that  it  should  appear 
no  larger  or  brighter  than  Sirius  appears  to  a 
common  observer.  For  this  purpose  he  closed 
one  end  of  a  twelve  feet  tube  with  a  very 
thin  plate,  in  the  middle  of  which  he  made  so 
small  a  hole  that  a  very  minute  glass  globule 
.being  put  into  it,  so  very  small  did  the 
sun  appear  to  the  eye  placed  at  the  other  end 
of  the  tube,  that  the  light  transmitted  to  the 
eye  seemed  not  more  splendid  than  that  which 
we  behold  transmitted  from  Sirius  with  the 
naked  eye.  Having  calculated,  on  the  princi- 
ples of  optics,  the  quantity  of  diminution  of 
the  sun's  apparent  diameter,  he  found  it  to  be 
only  the  ^^th  part;  or,  the  light  and 
diameter  of  the  sun  appeared  27,664  times 
smaller  than  what  we  daily  see.  Hence  he 
concluded  that  were  the  sun  at  27,664  times 
his  present  distance  from  us,  he  would  appear 
as  small  as  Sirius  ;  and  consequently,  if  Sirius 
be  of  the  same  magnitude  as  the  sun,  the 
distance  of  that  star  must  be  27,664  times 
greater  than  the  distance  of  the  sun  from  the 
earth,  or  2,628,080,000,000, — that  is,  two 
billions,  six  hundred  and  twenty-eight  thou- 
sand and  eighty  millions  of  miles.  This 
method  of  determining  the  distance  of  the 
stars  depends  upon  two  assumptions  : — 1st, 
that  the  sun  and  Sirius  are  equal  in  magni- 
tude ;  and  2d,  that  the  eye  judged  correctly 
of  the  equality  of  the  small  intercepted  portion 
of  the  sun  to  Sirius ;  both  of  which  must  be 
Considered  as  uncertain.  But  it  corroborates 
the  general  position  of  the  very  great  distance 
of  the  stars. 

On  a  principle  somewhat  similiar,  but  by 
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experiments  conducted  with  far  greater  ac- 
curacy, Dr.  Wollaston  endeavoured  to  deter 
mine  the  same  problem  in  relation  to  the  stars. 
"  This  gentleman,"  Sir.  J.  Herschel  remarks, 
"  by  direct  photometrical  experiments,  open, 
as  it  would  seem,  to  no  objections,  has  as- 
certained the  light  of  Sirius,  as  received  by 
us,  to  be  to  that  of  the  sun  as  1  to  20,000,- 
000,000.  The  sun,  therefore,  in  order  that 
it  should  appear  to  us  no  brighter  than  Sirius, 
would  require  to  be  removed  141,400  times  its 
actual  distance.  We  have  seen,  however 
that  the  distance  of  Sirius  cannot  be  so  small 
as  24)0,000  times  that  of  the  sun.  Hence  it 
follows  that,  upon  the  lowest  possible  compu- 
tation, the  light  really  thrown  out  by  Sirius 
cannot  be  so  little  as  double  that  emitted  by 
the  sun ;  or  that  Sirius  must,  in  point  of  in- 
trinsic splendour,  be  equal  to  two  suns,  and 
is,  in  all  probability,  vastly  greater." 

The  late  Sir  William  Herschel  proposed 
another  method  of  determining  the  annual 
parallax  by  means  of  double  stars,  which  he 
supposed  would  be  free  from  the  errors  of 
other  methods,  and  of  such  a  nature  that  the 
parallax,  even  if  it  should  not  exceed  the  tenth 
part  of  a  second,  may  still  become  visible. 
The  following  figure  and  description  will  con- 
vey a  general  idea  of  this  method  : 

Let  A   and    B 

Fig.  8.  (fig.  8)  represent 

the  earth  at  two 
opposite  points  in 
its  orbit,  and  C 
and  D  two  stars 
of  different  magni- 
tudes. Then,  if 
when  the  earth  is 
at  B,  the  two  stars 
appear  to  us  near 
each  other,  as  at 
C  and  E,  it  was 
thought  that  when 
the  earth  arrived 
at  A  the  two  stars 
might  appear  fur- 
ther apart,  as  at  C 
and  D  ;  in  other 
words,  that  the  angles  at  which  they  would 
appear  to  us  in  the  two  cases  would  be  different, 
the  angle  D  A  C  being  larger  than  the  angle 
D  B  C,  in  which  case  the  angle  of  parallax 
might  be  computed.  But  it  does  not  appear 
that  any  difference  in  the  angles  referred  to 
has  yet  been  found,  or  that  any  definite  con- 
clusions respecting  parallax  have  hitherto 
been  deduced  from  this  method,  excepting  the 
general  position  that  the  stars  are  at  too  great 
a  distance  to  be  subjected  to  our  calculations, 
or  that  our  angular  instruments  are  still  in 
too  imperfect  a  state  to  detect  so  small  an 
angle  as  that  of  the  annual  parallax. 
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While  writing  the  above,  (December,  1838,) 
I  perceived  an  announcement  in  certain  lite- 
rary journals,  that  Professor  Bessel,  of 
Konigsberg,  had  addressed  a  letter  to  Sir  John 
Herschel,  which  was  immediately  communi- 
cated to  the  Royal  Astronomical  Society, 
containing  an  account  of  the  discovery  of  the 
annual  parallax  and  the  observations  on  which 
it  was  founded.  In  the  introduction  to  this 
communication  Professor  Bessel  says—"  After 
so  many  unsuccessful  attempts  to  determine 
the  parallax  of  a  fixed  star,  I  thought  it  worth 
while  to  try  what  might  be  accomplished  by 
means  of  the  accuracy  which  my  great  Fraun- 
hofer  heliometer  gives  to  the  observations.  I 
undertook  to  make  this  investigation  upon  the 
star  61  Cygni,  which,  by  reason  of  its  great 
proper  motion,  is  perhaps  the  best  of  all, 
which  affords  the  advantage  of  being  a  double 
star,  and  on  that  account  may  be  observed 
with  greater  accuracy,  a- id  which  is  so  near 
the  pole  that,  with  the  exception  of  a  small 
part  of  the  year,  it  can  always  be  observed  at 
night  at  a  sufficient  distance  from  the  hori- 
zon." The  professor  began  his  observations 
in  September,  1834,  but  various  circumstances 
prevented  them  from  being  regularly  conti- 
nued at  that  period.  They  were  resumed  in 
1837  with  certain  hopes  of  success.  He  se- 
lected among  the  small  stars  which  surround- 
ed the  double  star  61  Cygni  two  stars  be- 
tween the  ninth  and  tenth  magnitudes,  of 
which  one  (a)  is  nearly  perpendicular  to  the 
line  of  direction  of  the  double  star,  the  other 
(6)  nearly  in  this  direction.  He  measured 
with  the  heliometer  the  distances  of  these 
stars  from  the  point  which  bisects  the  distance 
between  the  two  stars  61  Cygni,  and  gene- 
rally repeated  the  observations  sixteen  times 
every  night,  and  when  the  atmosphere  was 
unusually  steady  he  made  more  numerous 
repetitions.  The  places  of  both  stars,  referred 
to  the  middle  point  of  the  double  star,  he  cal- 
culated, for  the  beginning  of  1838,  to  be — • 

Distance.  Angle  of  Position. 

a     461'/.617         201°     29'     24" 
b     706".279         109°     22'     10" 

In  these  observations,  he  concentrated  his 
attention  as  far  as  he  could  on  the  distance 
of  the  small  stars  from  the  double  star,  as 
being  the  most  important  point  to  be  ascer- 
tained. His  communication  contains  tables 
of  all  his  measures  of  distance,  freed  from  the 
effects  of  refraction  and  aberration,  and  re- 
duced to  the  beginning  of  1838. 

It  would  be  uninteresting  to  the  general 
reader  to  enter  into  all  the  details  of  obser- 
vations, corrections,  and  calculations  which 
Professor  Bessel's  communication  contains, 
as  they  can  only  be  understood  by  practical 
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astronomers.  I  shall  therefore  only  state  his 
general  conclusion,  which  seems  to  be  legiti- 
mately deduced  from  his  observations  and 
reasonings,  and  may  be  considered  at  least  as 
a  very  near  approximation  to  the  point,  if  not 
perfectly  correct.  The  result  then  is,  that 
the  annual  parallax  of  the  star  61  Cygni  is 
0".3136;  that  is,  somewhat  less  than  ant- 
third  of  a  second.  It  follows  that  the  dis- 
tance of  this  star  from  the  sun  is  657,700 
times  the  mean  distance  of  the  earth  from  the 
sun ;  and  as  the  distance  of  the  sun  from  the 
earth  is  95,000.000  of  miles,  this  number 
multiplied  by  the  former  produces  62,481, 
500,000,000,  or  sixty-two  BILLIONS,  four 
hundred  and  eighty-one  thousand  Jive  hun- 
dred MILLIONS  of  miles,  which  is  the  distance 
of  the  star  61  Cygni  from  the  sun,  and  which 
of  course  is  nearly  about  the  same  distance 
from  the  earth ;  the  earth  being  in  one  part 
of  its  course  ninety-five  millions  of  miles 
nearer  the  star  than  this  distance,  and  in  the 
opposite  part  of  it  ninety-five  millions  of  miles 
beyond  it.  This,  I  have  no  doubt,  will  be 
considered  as  one  of  the  most  interesting  and 
splendid  discoveries  which  have  been  made 
in  astronomy  for  a  century  past.  It  lays  a 
foundation  for  precise  and  definite  conceptions 
of  the  distances  of  some  of  the  starry  orbs, 
of  the  amplitude  of  the  celestial  regions,  and 
of  the  magnitude  and  grandeur  of  those 
countless  orbs  which  diversify  the  spaces  of 
immensity.  It  likewise  proves  to  a  demon- 
stration the  annual  motion  of  the  earth  round 
the  sun,  and  all  the  principles  and  phenomena 
with  which  it  is  connected,  as  well  as  corro- 
borates the  general  views  of  former  astrono- 
mers respecting  the  immense  distance  of  the 
fixed  stars. 

Professor  Bessel  concludes  his  communica- 
tion in  these  words : — "  As  the  annual  proper 
motion  of  a  Cygni  amounts  to  5".  123  of  a 
great  circle,  the  relative  motion  of  this  star 
and  the  sun  must  be  considerably  more  than 
sixteen  semi-diameters  of  the  earth's  orbit, 
[that  is,  one  thousand,  five  hundred  and 
twenty  millions  of  miles,]  and  the  star  must 
have  a  constant  aberration  of  more  than  52". 
When  we  shall  have  succeeded  in  determin- 
ing the  elements  of  the  motion  of  both  the 
stars  forming  the  double  star,  round  their 
common  centre  of  gravity,  we  shall  be  able 
to  determine  the  sum  of  their  masses.  I  have 
attentively  considered  the  preceding  observa- 
tions of  their  relative  positions,  but  I  consider 
them  as  yet  very  inadequate  to  afford  the 
elements  of  the  orbit.  I  consider  them  as 
sufficient  only  to  show  that  the  annual  angu- 
lar motion  is  somewhere  about  two-thirds  of 
a  degree,  and  that  the  distance  at  the  begin- 
ning of  this  century  had  a  minimum  of  about 
15".  We  are  enabled  hence  to  conclude 
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that  the  time  of  a  revolution  is  more  than 
540  years,  and  that  the  semi-major  axis  of 
the  orbit  is  seen  under  an  angle  of  more  than 
15".  If,  however,  we  proceed  from  these 
numbers,  which  are  merely  limits,  we  find 
the  sum  of  the  masses  of  both  stars  less  than 
half  the  sun's  mass.  But  this  point,  which 
is  deserving  of  attention,  cannot  be  established 
till  the  observations  shall  be  sufficient  to  de- 
termine the  elements  accurately.  When 
long-continued  observation  of  the  places  which 
the  double  star  occupies  amongst  the  small 
stars  which  surround  it  shall  have  led  to  the 
knowledge  of  its  centre  of  gravity,  we  shall 
be  enabled  to  determine  the  two  masses  sepa- 
rately ;  but  we  cannot  anticipate  the  time  of 
these  further  researches.  I  have  here  troubled 
you  with  many  particulars ;  but  I  trust  it  is 
not  necessary  to  offer  any  excuse  for  this, 
since  a  correct  opinion  as  to  whether  the  in- 
vestigation of  the  parallax  of  61  Cygni  has 
already  led  to  an  approximate  result,  or  must 
still  be  carried  further  before  this  can  be 
affirmed  of  them,  can  only  be  formed  from  a 
knowledge,  of  these  particulars.  Had  I  merely 
communicated  to  you  the  result,  I  could  not 
have  expected  that  you  would  attribute  to  it 
that  certainty  which,  according  to  my  own 
judgment,  it  possessed." 

The  distance  inferred  from  the  parallax  as- 
certained by  Bessel  is  more  than  three  times 
greater  than  what  was  formerly  considered 
the  least  distance  of  any  of  the  fixed  stars. 
In  order  to  acquire  some  rude  conceptions  of 
this  distance,  it  may  not  be  inexpedient  to 
illustrate  it  by  the  times  which  certain  moving 
bodies  would  require  to  move  along  such  a 
space.  Light  is  the  swiftest  moving  body 
with  which  we  are  acquainted ;  it  flies  from 
the  sun  to  the  earth,  a  distance  of  ninety-five 
millions  of  miles,  in  about  eight  minutes,  or 
at  the  rate  of  192,000  miles  every  moment  of 
time;  yet  light,  incomprehensively  swift  as 
its  motion  is,  would  require  ten  years  and 
114  days  to  fly  across  this  mighty  interval ; 
so  that  if  the  star  61  Cygni  were  supposed 
to  be  only  just  now  launched  into  existence, 
it  would  be  more  than  ten  years  before  its 
light  could  reach  the  distant  globe  on  which 
we  dwell,  so  as  to  appeal-  like  a  small  star 
twinkling  in  our  sky.  Suppose  a  cannon 
ball  to  move  500  miles  every  hour  without 
intermission,  it  would  require  fourteen  mil- 
lions, two  hundred  and  fifty-five  thousand, 
four  hundred  and  eighteen  years  before  it 
could  move  across  the  same  interval.  But  to 
come  to  motions  with  which  we  are  more 
familiar  :  suppose  a  steam  carriage  to  set  out 
from  the  earth  with  a  velocity  of  twenty 
miles  an  hour,  or  480  miles  a  day ;  at  this 
-rate  of  motion,  continued  without  intermis- 
sion, it  would  require  356,385,466,  or  three 
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hundred  and  fifty-six  millions,  three  hundred 
and  eighty-five  thousand,  four  hundred  and 
sixty-six  years  before  it  could  pass  from  our 
globe  to  the  star  alluded  to  above — a  numbei 
of  years  sixty-one  thousand  times  greater 
than  the  whole  period  which  has  elapsod 
since  the  Mosaic  creation. 

Such  distances  are  amazing,  and  almost 
terrifying  to  the  human  imagination.  The 
mind  is  bewildered,  confounded,  and  almost 
overwhelmed,  when  attempting  to  form  a 
conception  of  such  portions  of  immensity,  and 
feels  its  own  littleness,  the  limited  nature  of 
its  powers,  and  its  utter  incapacity  for  grasp- 
ing the  amplitudes  of  creation ;  but  although 
it  were  possible  for  us  to  wing  our  flight  to 
such  a  distant  orb  as  that  to  which  we  have 
referred,  we  should  still  find  ourselves  stand- 
ing only  on  the  extreme  verge  of  the  starry 
firmament,  where  ten  thousands  of  other  orbs, 
a  thousand  times  more  distant,  would  meet 
our  view.  We  have  reason  to  believe  that  a 
space  nearly  equal  to  that  which  we  are  now 
considering  intervenes  between  most  of  the 
stars  which  diversify  our  nocturnal  sky.  The 
stars  appear  of  different  magnitudes ;  but  we 
have  the  strongest  reason  to  conclude  that  in 
the  majority  of  instances  this  is  owing,  not  to 
the  difference  of  their  real  magnitudes,  but  to 
the  different  distances  at  which  they  are  placed 
from  our  globe.  If,  then,  the  distance  of  a 
star  of  the  first  or  second  magnitude,  or  those 
which  are  nearest  us,  be  so  immensely  great, 
what  must  be  the  distance  of  stars  of  the  six- 
teenth or  twentieth  magnitudes,  which  can 
be  distinguished  only  by  the  most  powerful 
telescopes  ]  Some  of  these  must  be  several 
thousands  of  times  more  distant  than  the  star 
6 1  Cygni,  whose  distance  now  appears  to  be 
determined.  And  what  shall  we  think  of  the 
distance  of  those  which  lie  beyond  the  reach 
of  the  most  powerful  telescopes  that  have  yet 
been  constructed,  stretching  beyond  the 
utmost  limits  of  mortal  vision,  within  the  un- 
explored regions  of  immensity  ?  Here  even 
the  most  vigorous  imagination  drops  its  wing, 
and  feels  itself  utterly  unable  to  penetrate  this 
mysterious  and  boundless  unknown. 

The  vastness  of  the  spaces  and  greatness 
of  the  distances  to  which  we  have  adverted 
ought  not,  however,  to  prevent  any  one  from 
acquiescing  in  the  statements  we  have  now 
made ;  for  space  is  boundless, — absolutely  in- 
finite. A  seraph  might  wing  its  flight  with 
the  swiftness  of  light  for  millions  of  years 
through  the  regions  of  immensity,  and  never 
arrive  at  a  boundary  where  it  might  be  said, 
"  Hitherto  maycst  thou  approach,  but  no  far- 
ther ;"  and  we  have  reason  to  believe,  from 
what  we  already  know  of  the  Creator  and  his 
works,  that  during  the  whole  course  of  such 
an  excursion,  new  objects  and  new  scenes  of 
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glory  and  magnificence  would  be  continually 
rising  to  his  view.  To  suppose  otherwise 
would  be  to  set  boundaries  to  space,  and  to 
prescribe  limits  to  the  infinite  perfections  of 
the  Divinity.  That  incomprehensible  Being 
who  formed  the  universe  fills  immensity  with 
his  presence ;  his  power  and  wisdom,  and  all 
his  other  perfections,  are  infinite  ;  and  there- 
fore we  should  expect  that  the  plans  on  which 
he  has  constructed  the  systems  of  the  uni- 
verse should  be  like  himself,  vast,  boundless, 
and  ingonceivabl"  by  mortals.  Were  we  to 
find  the  plans  of  the  universe  circumscribed 
like  those  which  were  represented  by  the  an- 
cient astronomers, — who  imagined  the  firma- 
ment a  solid  sphere  with  a  number  of  tapers 
whirled  round  the  earth, — we  should  be  apt 
to  think  that  the  Creator  of  the  world  was  a 
limited  being  ;  but  when  we  contemplate  the 
vast  amplitude  of  planetary  systems,  and  the 
immense  spaces  by  which  they  are  separated 
from  each  other,  we  behold  plans  and  opera- 
tions which  are  in  perfect  unison  with  the 
immensity  of  his  nature,  with  his  boundless 
power,  his  uncontrollable  agency,  and  his  uni- 
versal presence.  Wherever  we  turn  our  eyes 
throughout  the  scene  of  nature,  and  fix  our 
attention  on  its  plans  and  movements,  we 
uniformly  find  the  Creator  acting  like  Him- 
self; and  in  no  case  is  this  more  strikingly 
displayed  than  in  the  grandeur  and  magnifi- 
cence of  the  orbs  of  heaven,  and  the  immense 
spac.es  with  which  they  are  surrounded. 

This  is  likewise  the  representation  which 
the  Scriptures  give  us  of  the  immensity  and 
incomprehensible  nature  of  the  Deity.  "  Great 
is  Jehovah  and  of  great  power ;  his  under- 
standing is  infinite ;  his  greatness  is  unsearch- 
able." He  is  not  only  "high  above  all  na- 
tions," but  "  his  glory  is  above  the  heavens." 
"  He  dwelleth  on  high,  and  humbleth  himself 
to  behold  the  things"  not  only  that  are  "  on 
the  earth,"  but  even  "  the  things  that  are  in 
the  heavens."  Vast  as  the  celestial  spaces 
are,  "  he  meted  out  heaven  with  the  span," 
and  "stretched  forth  the  heavens  alone." 
"  Among  the  gods  there  is  none  like  unto  thee, 
neither  are  there  any  works  like  unto  thy 
works."  "  Canst  thou  by  searching  find  out 
God  I  Canst  thou  find  out  the  Almighty  to 
perfection  1  Who  can  utter  the  mighty  ope- 
rations of  Jehovah  ?  ^  Who  can  show  forth  all 
his  praise  1  Lo,  th'ese  are  but  parts  of  his 
ways,  but  the  thunder  of  his  power,  or  the  full 
extent  of  his  omnipotence,  who  can  compre- 
hend]" In  relation  to  a  Being  who  is  thus 
described,  we  can  expect  nothing  but  what  is 
wonderful  and  incomprehensible  by  finite 
minds.  The  declarations  of  inspired  men 
bear  testimony  to  the  discoveries  of  astronomy 
as  in  perfect  unison  with  the  attributes  of  the 


Divinity,  so  that  science  and  revelation  com- 
pletely harmonize  in  the  views  they  unfold  of 
the  plans  and  arrangements  of  the  Deity,  and 
of  the  immense  spaces  which  intervene  among 
the  systems  of  the  universe. 

Whether  man  will  ever  be  permitted  to 
traverse  any  of  the  vast  spaces  of  the  universe, 
to  which  we  have  now  adverted,  is  a  question 
which  is  at  present  beyond  our  province  to 
resolve.  In  our  present  state  of  corporeal  or- 
ganization it  is  impossible  to  wing  our  flight 
even  to  the  nearest  celestial  orb  in  that  sys- 
tem of  which  we  form  a  part,  much  less  to  the 
distant  starry  regions.  How  pure  spirits,  dis- 
connected with  material  vehicles,  may  trans- 
port themselves  from  one  region  of  creation  to 
another,  it  is  impossible  for  us,  in  the  present 
state,  to  form  a  conception.  But  it  is  possible 
to  conceive  of  a  system  of  organization  far 
more  refined  than  the  present,  and  susceptible 
of  a  power  of  motion  far  surpassing  what  we 
have  an  opportunity  of  witnessing  in  this  ter- 
restrial sphere — a  locomotive  power  which 
might  enable  an  intelligent  agent  to  keep 
pace  with  the  rapid  motions  of  the  celestial 
orbs.  We  have  only  to  suppose  organical 
vehicles  constructed  with  matter  far  more 
subtile  and  refined  than  hydrogen  gas,  or  the 
ethereal  fluid,  and  approximating  to  the  tena- 
city of  light  itself.  As  we  find  animalculse 
many  thousands  of  times  less  than  the  least 
visible  point,  their  bodies  must  be  constructed 
of  materials  extremely  subtile  and  refined; 
and  hence  we  may  infer  that  the  same  Allwise 
Intelligence  who  formed  such  minute  and  re- 
fined structures  can  with  equal  ease  construct 
a  material  organization  for  the  residence  of  a 
rational  soul  out  of  the  finest  materials  which 
creation  can  supply,  and  endow  it  with  a  ca- 
pacity of  rapid  motion  superior  to  that  of 
some  of  the  celestial  globes  which  roll  around 
us.  It  is  not  improbable  that  angelic  beings 
are  connected  with  such  a  system  of  material 
organization,  which  enables  them  to  move 
with  rapidity  from  one  part  of  creation  to 
another;  and  it  is  possible  that  man,  in  a  future 
world,  may  be  invested  with  such  vehicles 
and  such  powers  of  rapid'  motion.  At  the 
same  time,  even  with  such  locomotive  powers, 
only  a  small  portion  of  the  universe  could  be 
supposed  to  be  visited  or  explored,  even  after 
a  lapse  of  ages.  It  is  highly  probable  that,  at 
this  moment,  there  is  not  a  single  subordinate 
intelligence,  even  of  the  highest  order  of 
created  beings,  who  is  acquainted  with  every 
region  of  universal  nature  and  the  objects  it 
contains,  and  that  the  greater  part  of  the  vast 
universe,  with  its  scenery,  movements,  and 
inhabitants,  is  known  only  by  Hint  who 
formed  it  by  his  power  and  fills  it  with  his 
presence. 
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CHAPTER  V. 

On  the  Magnitude  of  the  Stars. 


Ix  our  attempts  to  ascertain  the  magni- 
tudes of  any  of  the  heavenly  bodies,  we  must 
first  endeavour  to  determine  the  distances  at 
which  they  are  placed  4rom  our  abode ;  and 
in  the  next  place  we  must  measure,  as  accu- 
rately as  possible,  the  apparent  diameters  of 
the  bodies  whose  magnitudes  we  wish  to  de- 
termine.    The  extreme  difficulty  of  determin- 
ing these  two  points,  in  certain  instances,  on 
account  of  the  smallness  of  the  angles  which 
require  to  be  measured,  has  hitherto  prevented 
us  from  ascertaining  with  precision  the  real' 
magnitudes  of  the  bodies  connected  with  the 
sidereal  heavens.     We  formerly  were  led  to 
conclude  on  good  grounds,  that  their  distances 
were  almost  immeasurably  great,  and  conse- 
quently that,  as  they  emit  a  certain  degree  of 
splendour  to  our  eye,  even  from  such  remote 
distances,  their  bulk  must  be  immensely  great. 
But  no  precise  conceptions  could  be  formed 
as  to  this  point  so  long  as  the  annual  parallax 
of  some  of  the  stars  remained  undetermined. 
The  annual  parallax  of  the  star  61  Cygni 
being  now  in  all  probability  ascertained,   (as 
stated  in  the  preceding  chapter,)  we  are  in 
possession  of  certain  data  which  may  lead  to 
the  determination  of  the  real  magnitude  of 
that  body.  But  a  difficulty  still  remains.  The 
stars  are  found  to  have  no  sensible  diameters. 
When   viewed    through    telescopes   of   the 
greatest  power,  they  present  no  visible  disks, 
or  well-defined  surfaces  to  the   eye,  as  the 
planets  do,  when  viewed  through  such  instru- 
ments, but  appear  only  as  so  many  shining 
and  undefined  points.  When  they  are  viewed 
through   a  telescope  of  moderate  size,  their 
diameters  appear  less  than  when  examined 
by  the  naked  eye,  but  considerably  more  bril- 
liant.    When  we  view  them  with  a  telescope 
of  greater  power,  the  apparent  diameters  will 
be  somewhat  increased,  but  not  according  to 
any  regular   proportion,  as  happens  in    the 
case  ef  the  planets;    and  even  when  seen 
with  the  same  power,  through  different  tele- 
scopes, their  apparent  magnitudes  are  not  pre- 
cisely the  same.     Sir  William  Herschel,  who 
viewed  these 'bodies  under  almost  every  aspect, 
uniformly  found  that  their  diameter  was  less 
in  proportion  as  the  higher  powers  were  ap- 
plied ;  and  the  smallest  proportional  diameter 
he  ever  obtained  was  when  he  employed  the 
extraordinary  power  of  6450  times.      From 
such  observations  it  appears  that  the  apparent 
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diameters  of  the  fixed  stars  do  not  arise  from 
any  sensible  disk,  but  from  other  causes  with 
which  we  are  not  acquainted.  Dr.  Hallcy 
remarks  that  "  the  diameters  of  Spica  Virgi- 
nis  and  Aldebaran  (two  stars  of  the  first  mag- 
nitude) are  so  small,  that  when  they  happen 
to  immerge  behind  the  dark  edge  of  the  moon, 
they  are  so  far  from  losing  their  light  gradu- 
ally, as  they  must  do  if  they  were  of  any  sensi- 
ble magnitude,  that  they  vanish  at  once  with 
all  their  lustre,  and  emerge  likewise  in  a  mo- 
ment, not  small  at  first,  but  at  once  appear 
with  their  full  light,  even  although  the  emer- 
sion happen  when  very  near  the  cusp,  where, 
if  they  were  four  seconds  in  diameter,  they 
would  be  many  seconds  of  time  in  getting  en- 
tirely separated  from  the  limb.  But  the  con- 
trary appears  to  all  those  who  have  observed 
the  occultations  of  those  bright  stars."  Every 
one  who  has  been  in  the  habit  of  viewing  the 
starry  firmament  with  good  telescopes  will  at 
once  admit  that,  although  that  instrument 
brings  to  view  numerous  stars  which  the 
unassisted  sight  cannot  perceive,  yet  they  ap- 
pear only  as  luminous  points  with  no  well- 
defined  sensible  diameters,  although  their 
light  is  much  more  brilliant  than  to  the  naked 
eye. 

Hence  the  difficulty  of  determining,  with 
precision,  the  real  magnitudes  of  any  of  the 
fixed  stars.  From  their  immense  distance  we 
are  perfectly  certain  that  they  are  bodies  of 
immense  size,  otherwise  they  would  be  alto- 
gether invisible  from  our  terrestrial  sphere,  or 
from  any  part  of  the  solar  system.  But  we 
have  hitherto  obtained  no  sufficient  data  for 
estimating  their  exact  size,  as  we  have  done 
in  relation  to  the  globes  which  compose  the 
planetary  system.  Since,  then,  the  apparent 
diameters  of  the  stars,  even  those  of  the  first 
magnitude,  are  so  small  as  not  to  amount  to  a 
single  second,  we  cannot  hope,  in  the  mean 
time,  to  determine  their  measure  with  any 
degree  of  certainty.  We  may  assign  them  a 
measure  which  we  certainly  know  they  do  not 
exceed,  but  we  cannot  be  sure  that  that  mea- 
sure is  not  too  great  All  luminous  objects 
appear  larger  than  those  of  the  same  dimen- 
sions which  are  opaque.  The  planet  Mercury, 
when  in  its  greatest  brightness,  appears  larger 
than  when  it  is  seen  to  pass,  like  a  dark  spot, 
across  the  disk  of  the  sun,  although  it  is 
nearest  the  earth  in  this  last  position.  The 
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apparent  diameters  of  the  fixed  stars  are  much    that   of  the  sun,  or   33,440,000  miles,  sup- 
smaller  than  they  have  generally  been  sup-    posing  its  parallax  to  be  one  second.     Were 
posed  by  those  who  have  attempted  to  mea-    this  its  true  estimate  its  solid  contents  would  be 
sure  them.     Yet  small  as  they  are,  their  real    19,579,357,857,382,400,000,OQO,f  or,  above 
magnitude  must  be  very  great,  since  they  are    nineteen  thousand  five  hundred  and  seventy- 
visible  to  our  sight  at  the  immense  distance  at    nine  trillions  of  miles;  which  is,  fifty-four 
which  they  are  placed.     In  proportion  to  the    thousand  eight   hundred   and  seventy-two 
greatness  of  their  distance,  and  the  smallness    times  larger  than  the  solid  contents  of  the 
of  their  apparent  diameters,  will  be  their  real    sun.     The  magnitude  of  such  a  globe  is  alto- 
magnitudes.      If  we   suppose   the  apparent    gether  overpowering  to  the  human  imagina- 
diameters  of  any  of  the  stars  observed  by  Dr.    tion,  and  completely  baffles  every  effort  to 
Bradley  to  be  equal  to  the  400,000th  part  of    approximate  to  a  distinct  conception   of  an 
the  sun's  apparent  diameter,  or  y^th  of  a    object  of  such  amazing  amplitude  and  splen- 
second — which  is  a  probable  supposition  for  a    dour.  We  have  formerly  shown}  that  the  sun 
star  of  the  second  magnitude, — it  will  follow    is  a  body  of  so  vast  dimensions  that  the  hu- 
that  such  a  star  is  equal  to  the  sun  in  magni-    man  mind,  in  its  present  state,  can  form  no 
tude.     For,  if  the  sun  were  removed  to  the    adequate  conceptions  of  it ;  that  it  is  more 
distance  at  which  such  a  star  is  situated,  he    than  500  times  greater  than  all   the  planets, 
would  appear  no  larger  than  those  twinkling    satellites,  and  comets  of  our  system ;  that  it  is 
points,  nay,  would   perhaps  disappear  alto-    equal  to  thirteen  hundred  thousand  globes  as 
gether  from  our  view.     From  all  the  observa-    large  as  the  earth ;  that  its  surface  contains 
tions  and  reasonings  that  have  been  entered    an  amplitude  fifty-three  millions  seven  hun- 
into  on  this  subject,  we  have  no  proofs  that    dred  and  seventy-thousand  times  larger  than 
any  of  the  stars  are  less  than  the  sun,  but  it    the  view  from  Mount  Etna,  which  comprises 
is   more  probable  that  many  of  them  equal    an  extent  of  45,000  miles ;  and  that,  were  a 
and  even  far  surpass  that  luminary  in  their    landscape  on  the  sun  of  this  extent  to  be 
real  dimensions  and  splendour.     Having  ob-    contemplated  every  two  hours,  it  would  require 
tained  the  parallax  of  6 1  Cygnif  if  we  could    twenty-four  thousand  five  hundred  years  be- 
find  the  exact  apparent  diameter  of  that  star,    fore  the  whole  surface  of  this  luminary  could 
its  real  bulk  could  be  calculated  with  as  much    be   in  this  manner  surveyed.     What,  then, 
ease  and  certainty  as  the  hulk  of  the  sun,  or    shall  we  think  of  the  probable  existence  of  a 
moon,  or   any  of  the   planets.     But  as   this    luminous    globe    fifty-four    thousand    times 
important  element  in  the  calculation  is  still  a    greater  than  the  expansive  globe  of  the  sun ! 
desideratum,  we  must  resort  to  other  methods        However  amazing  the  magnitude  of  such  a 
by  which  we  may  arrive  at  the  nearest  ap-    body  may  appear,  we  ought  not  on  this  ac- 
proximation  to  the  truth.  count  to  consider  the  existence  of  such  an  orb 

I  have  already  alluded  to  the  photometrical  as  either  improbable  or  incredible.  Prior  to 
experiments  of  Dr.  Wollaston,  in  relation  to  the  first  discoveries  of  modern  astronomy  two 
the  comparative  quantity  of  light  emitted  to  or  three  centuries  ago,  no  one  could  have  be- 
our  eye  from  the  star  Sirius  and  from  the  sun.  lieved  that  the  sun  is  a  body  of  such  an  im- 
In  reference  to  these  experiments,  Sir  John  mense  size  as  he  is  now  found  to  be,  or  that 
Herschel,  in  a  marginal  note,  remarks : —  the  planetary  system  occupies  so  extensive 
"  Dr.  Wollaston  assuming,  as  we  think  he  is  a  range  as  astronomers  have  now  determined 
perfectly  justified  in  doing,  a  much  lower  it.  And  we  are  not  to  conceive  that  even  the 
limit  of  possible  parallax  in  Sirius  than  we  immense  amplitude  of  the  sun  is  the  highest 
have  adopted  in  the  text,  has  concluded  the  scale  of  magnitude  which  the  Creator  has 
intrinsic  light  of  Sirius  to  be  nearly  tliat  of  prescribed  to  himself  in  his  arrangements  of 
FounTEEsr  suxs."  Sir  William  Herschel  the  universe.  From  the  knowledge  we  ha^o 
informs  us  that,  with  a  magnifying  power  of  already  acquired  of  the  vastness  of  the  scale 
6450,  and  by  means  of  his  new  micrometer,  on  which  creation  is  constructed,  w<:  bave 
he  found  the  apparent  diameter  of  Vega  or  a  reason  to  believe  that  bodies  exist  in  it  £r 
Lyrse  to  be  Ow  355 :  this  will  give  the  real  surpassing,  in  magnitude  and  grandeur,  any 
diameter  of  the  star  about  thirty-eight  times  of  the  globes  to  which  we  have  alluded.  There 

are  certain  lucid  specks  in  the  heavens  which 
can  only  be  perceived  by  the  most  powerful 


*This  star  belongs  to  the  constellation  Cyg- 
nus,  or  the  Swan.  Its  right  ascension  for  Janua- 
ry 1, 1839,  was  20h  59M1",  and  its  declination  37°  telescopes,  which  we  are  quite  certain,  trom 

latitude, 

fin  some  editions  'of  the  "Improvements  of 
Society,"   this    number    is  inricc'irately   stated, 
the  cube   of  the  dianetor   having   been    by  mis- 
take subsituted  fo.-  the  solid  oontenld  of  the  body, 
but  the  ppnerr.I  .-estiitof  th€  comparative  magni- 
tudes of  tne  iwo  bodiea  is  the  same. 
J  "  Celesua;  Scenery,"  chao  iii.  sect.  10 
3  B  (565) 


1839,  was  20h59Ml 

57'  42"  north.  In  places  of  52"  of  N 
this  star  pusses  the  meridian  within  two  or  three 
minutes  of  the  zenith.  It  is  a  star  of  about  the 
flfth  magnitude.  It  is  28  degrees  nearly  due  east 
from  the  bright  star  Vega,  or  a  Lyrae,  in  the  con- 
stellation of  the  Harp,  and  nearly  nine  degrees 
eouth  by  east  of  Deneb,  or  a  Cygni,  the  principal 
•tar  in  the  Swan. 
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their  immense  distance,  must  comprise  a  mass 
of  matter  thousands  of  times  larger  than  our 
sun, — either  a  distinct  mass  of  materials  or  a 
congeries  of  shining  globes  so  near  each  other 
that  the  separate  bodies  cannot  be  distinguish- 
ed. As  the  distance  between  the  great  globes 
of  the  universe  is  incomprehensible  by  limited 
intellects,  so  the  magnitude  of  some  of  these 
bodies  may  be  so  great  as  to  surpass  every 
estimate  and  every  conception  we  may  have 
hitherto  formed  on  this  subject.  Such  views 
of  the  magnitudes  of  creation  are  quite  in  ac- 
cordance with  the  ideas  we  ought  to  enter- 
tain of  a  Being  who  is  eternal,  omnipresent, 
omnipotent,  and  incomprehensible. 

But,  without  going  beyond  the  strict  de- 
ductions of  science,  we  may  fairly  conclude 
that  there  are  few  stars  in  the  concave  of  our 
sky  that  do  not  equal,  and  even  surpass,  our 
sun  in  size  and  in  splendour ;  and  if  so,  what 
a  glorious  and  overwhelming  scene  does 
creation  present  to  an  intelligent  and  contem- 
plative mind  !  Here  we  are  presented  with  a 
scene  on  which  the  highest  order  of  created 
beings  may  expatiate  for  myriads  of  ages,  and 
objects,  ever  wonderful  and  ever  new,  may  still 
present  themselves  to  the  astonished  mind 
throughout  the  whole  length  of  its  immortality ; 
so  that  the  most  expansive  intellects  shall  never 
want  subjects  of  sublime  investigation  during 
all  the  revolutions  of  an  interminable  existence. 

We  are  not  to  imagine  that  all  the  stars, 
even  those  which  appear  with  the  same  bril- 
liancy, are  of  the  same  size.  We  have  rea- 
son to  believe  that  a  variety,  in  this  respect, 
exists  among  those  distant  orbs,  as  well  as 
among  the  bodies  which  compose  the  plane- 
tary system,  and  in  other  departments  of 
nature.  Various  considerations  tend  to  show 
that  "  one  star  differeth  from  another  star  in 
glory,"  not  only  as  they  appear  to  the  naked 
eye,  but  in  reality,  as  to  their  intrinsic  magni- 
tude and  splendour.  Some  of  the  telescopic 
stars  appear  of  very  different  colours,  one  ex- 
hibiting rays  of  an  orange  or  ruddy  hue, 
another  blue,  another  yellow,  and  another 
•green,  indicating  a  difference  in  their  consti- 
tution and  in  the  nature  of  the  light  they  emit. 
Among  the  double  stars,  the  one  which  is 
found  revolving  round  the  other  is  evidently 
the  smaller  body,  as  its  light  is  not  distinguish- 
able without  a  high  magnifying  power,  and 
yet  its  distance  from  the  earth  must  be  nearly 
the  same  as  that  of  the  larger  star  around 
which  it  revolves.  Recent  observations  tend 
to  prove  that  some  of  the  smaller  stars  have 
not  only  a  greater  annual  parallax  than  those 
which  are  most  brilliant,  but  an  absolute  mo- 
tion in  space  much  greater  than  those  of  the 
brightest  class,  which  indicates  that  there  is 
a  difference  in  the  real  size  of  those  bodies, 
and  that  some  of  the  stars  which  appear 
(566) 


smallest  to  err  eye  may  o^  nb  -irgeai  in  real 
dimensions;  but  the  sm?i!3Sv  of  them  are,  un- 
doubtedly, bodies  of  such  magritudes  as  sur- 
pass our  distinct  comprehension. 

Some  readers,  frorc  their  ignorance  of  the 
mathematical  principles  of  astronomy,  and 
from  being  incapable  of  appreciating  the  ob 
servations  to  which  we  have  referred,  i.rc  ap« 
to  view  with  a  certain  degree  of  sceptic-urn  the 
conclusions  which  astronomers  have  deduced 
respecting  the  distances  and  magnitudes  of 
the  stars.  Perhaps  the  following  considera- 
tion, level  to  the  capacity  of  every  man  of 
common  sense,  may  have  a  tendency  to  con- 
vince even  the  most  sceptical  that  the  stars 
are  situated  at  an  almost  incalculable  distance 
from  the  earth. 

Suppose  a  telescope  to  magnify  400  times, 
that  is,  makes  a  distinct  object  appear  four 
hundred  times  nearer,  and  four  hundred  times 
larger  in  diameter,  than  to  the  naked  eye. 
With  an  instrument  of  this  description  I  have 
been  enabled  to  read  a  person's  name,  the 
letters  of  which  were  not  above  half  an  inch 
in  length  or  breadth,  at  the  distance  of  more 
than  two  miles.  When  this  telescope  is  di- 
rected to  the  moon,  it  enables  us  to  perceive 
the  shadows  of  its  mountains,  and  other 
minute  portions  of  its  scenery,  and  even  to 
distinguish  rocks  and  cavities  less  than  a  mile 
in  diameter.  When  directed  to  the  planet 
Venus,  it  exhibits  it  as  a  large  splendid  body, 
with  either  a  gibbous,  a  half-moon,  or  a  cres- 
cent phase.  When  directed  to  Jupiter  and 
Saturn,  it  makes  these  orbs  appear  several 
times  larger  than  the  moon  does  to  the  naked 
eye,  and  enables  us  to  perceive  the  dark  belts 
which  run  across  the  one,  and  the  rings  which 
surround  the  other.  Now,  if  this  same  in- 
strument be  directed  to  the  fixed  stars,  it  shows 
them  only  as  so  many  luminous  points,  with- 
out any  well-defined  diameters.  It  brings  to 
view  hundreds  and  thousands  of  stars  which 
the  naked  eye  cannot  discern ;  but  although 
they  appear  somewhat  more  brilliant,  they  ap- 
pear, on  the  whole,  no  larger  in  diameter  than 
the  stars  in  general  do  to  the  unassisted  sight. 
This  circumstance  I  consider  as  a  palpable 
and  sensible  evidence  of  the  immense  distance 
of  the  fixed  stars;  for  bodies  at  the  distance 
of  nine  hundred,  and  even  of  eighteen  hun- 
dred millions  of  miles,  appear  magnified  in 
proportion  to  the  power  of  the  instrument ; 
and  why  should  not  the  fixed  stars  appear 
magnified  in  the  same  proportion,  and  pre- 
sent to  the  eye  large  disks  like  the  planets, 
were  it  not  on  account  of  their  incalculable 
distance  1  Were  they  only  at  a  moderate  dis- 
tance from  the  planetary  system — suppose 
ten  times  the  distance  of  Saturn,  or  nine 
thousand  millions  of  miles, — this  would  un- 
doubtedly be  the  case ;  but  observation  proves 
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the  contrary.  When  we  view  a  planet — for 
example  Saturn,  which  is  distant  nine  hun- 
dred millions  of  miles. — through  a  telescope 
magnifying  400  times,  we  contemplate  it  as 
if  we  had  been  carried  to  a  point  only  the 
four  hundredth  part  of  its  distance ;  that  is, 
we  view  it  as  if  we  were  brought  within  little 
more  than  two  millions  of  miles  of  its  surface. 
In  other  words,  we  see  it  of  the  same  magni- 
tude, and  nearly  with  the  same  distinctness, 
as  if  he  had  surmounted  the  law  of  gravita- 
tion, and  been  transported  more  than  897 
millions  of  miles  from  our  present  abode  in 
the  direction  of  that  orb. 

When  such  an  instrument  is  directed  to 
the  fixed  stars,  it  does  not  lose  its  power  as  a 
telescope  ;  this  is  proved  by  its  presenting  the 
nebulas,  which  are  invisible  to  the  naked  eye, 
as  large,  well-defined  spaces  in  the  firmament. 
It  carries  us  within  the  four  hundredth  part 
of  their  actual  distance,  and  enables  us  to 
contemplate  them  just  as  we  would  do  if  we 
were  400  times  nearer  them  than  we  are. 
Let  us  suppose,  as  formerly,  the  distance  of 
the  nearest  stars  to  be  20,000,000,000,000,  or 
twenty  billions,  of  miles,  we  contemplate  such 
stars  by  this  instrument  as  if  we  were  carried 
to  a  station  nineteen  billions  nine  hundred 
and  fifty  millions  of  miles  from  the  place  we 
now  occupy,  where  we  should  still  be  fifty 
thousand  millions  of  miles*  distant  from  these 


bodies.  Supposing  the  sun  were  removed  to 
a  point  fifty  thousand  millions  of  miles  from 
the  place  he  now  occupies — which  is  526 
times  his  present  distance, — he  would  appear 
526  times  less  in  diameter  than  at  present, 
or  under  an  angle  of  little  more  than  3£  se- 
conds, which  is  less  than  the  apparent  dia- 
meter of  Uranus,  a  body  which  is  generally 
invisible  to  the  naked  eye ;  so  that  if  a  star 
be  distant  twenty  billions  of  miles,  and  equal 
to  the  sun  in  magnitude,  it  should  appear  no 
more  than  a  point  when  viewed  with  a  tele- 
scope magnifying  400  tunes.  Supposing,  then, 
that  we  were  transported  through  the  im- 
mense space  of  19,950,000,000,000  miles,  we 
behoved  to  be  carried  forward  several  thou- 
sands of  millions  of  miles  further  before  those 
distant  orbs  would  appear  to  expand  hi  to  large 
disks  like  the  moon,  or  like  Jupiter  and  Sa- 
turn, when  viewed  through  telescopes. 

The  above  considerations  prove  to  a  de- 
monstration that  the  nearest  stars  are  removed 
from  us  at  immense  and  inconceivable  dis- 
tances; and  if  their  distance  be  so  great, 
their  magnitudes  must  likewise  be  astonish- 
ing, otherwise  they  would  be  altogether  in- 
visible either  to  the  naked  eye  or  by  the  tele- 
scope ;  for  a  distant  visible  object  must  always 
be  considered  as  having  a  magnitude  propor- 
tional to  its  distance  and  its  apparent  dia- 
meter. 


CHAPTER  VI. 

On  New  Stars. 


To  almost  every  eye  but  that  of  the 
astronomer,  the  starry  firmament  presents  the 
same  general  aspect.  To  a  common  observer, 
the  nocturnal  heavens  exhibit  the  appearance 
of  a  vast  concave  bespangled  with  countless 
numbers  of  shining  points,  of  various  degrees 
of  brilliancy,  and  distributed  over  the  sky  ap- 
parently without  any  order  or  arrangement. — 
Whether  the  clusters  of  stars  which  are  seen 
in  summer  and  in  winter  are  the  same, — 
whether  the  stars  which  are  seen  in  one 
region  of  the  heavens  at  six  o'clock  in  the 
evening  are  identically  the  same  which  are 
seen  in  the  same  quarter  at  midnight,  or  at 
three  in  the  morning, — whether  there  be  any 
stars  which  were  seen  by  our  forefathers 
which  are  no  longer  visible, — whether  any 
stars  unknown  to  former  generations  can  now 
be  traced  in  the  firmament, — or  whether  any 

*  The  following  is  the  calculation  expressed  in 
figures : 
400)  20,000,000,000,000,  dist.  of  the  star. 

50,000,000,000,  dist.  as  viewed  by  the  tele- 
scope. 


19,950,000,000,000, 


dist.  from  the  earth  at 
which  we  view  it. 


of  those  orbs  which  are  visible  at  one  time 
are  invisible  at  another, — to  such  inquiries 
there  is  not  one  out  of  a  thousand  of  those 
who  have  occasionally  gazed  at  the  starry 
heavens  that  could  give  a  satisfactory  reply. 
It  is  the  industrious  astronomer  alone,  who, 
with  unwearied  observations  spends  sleepless 
nights  in  surveying  the  various  regions  of  the 
celestial  vault,  that  can  tell  with  certainty 
whether  or  not  any  changes  occasionally  take 
place  in  reference  to  any  of  the  starry  orbs. 

The  first  account  we  have  of  any  changes 
having  been  perceived  among  the  stars  is  that 
recorded  by  Hipparchus,  of  Rhodes,  a  cele- 
brated astronomer  who  flourished  about  120 
years  before  the  Christian  era.  About  this 
period,  this  "Curate  observer  of  the  heavens 
perceived,  in  a  certain  part  of  the  firmament, 
a  star  wh»  v  he  had  never  observed  before, 
and  of  which  ne  could  find  no  record  in  the 
observations  of  his  predecessors.  Struck  with 
this  new  and  unexpected  phenomenon,  he 
began  to  doubt  whether  changes  might  not 
happen  among  the  celestial  orbs  as  well  as  in 
the  scene  of  nature  here  below.  In  order  that 
(56T 
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such  changes  when  they  happen  might  be 
known  to  future  generations,  he  began  to 
form  a  catalogue  of  all  the  stars  visible  in  that 
part  of  the  world  where  he  resided,  noting 
down  the  place  and  apparent  magnitude  of 
each  star,  till  he  at  length  completed  a  list 
of  all  the  visible  stars  in  the  heavens ;  which 
was  the  first  catalogue  of  those  luminaries  of 
which  we  have  any  account  in  history.  It  is 
much  to  be  regretted  that  we  have  no  specific 
account  of  the  particular  part  of  the  heavens 
where  this  new  star  appeared,  as  it  might 
have  led  us  to  determine  whether  it  be  still 
visible,  or  whether  it  be  subject  to  periodical 
changes,  or  have  altogether  disappeared. 

In  the  year  130  after  the  Christian  era, 
another  new  star  is  said  to  have  made  its  ap- 
pearance. In  the  year  389,  a  new  star  ap- 
peared near  a  Aquilae,  or  Altair,  in  the  con- 
stellation of  the  Eagle.  Its  appearance  was 
sudden ;  it  continued  three  weeks,  emitting  a 
splendour  equal  to  that  of  Verms,  and  after- 
wards entirely  disappeared.  In  the  ninth 
century,  a  new  star  appeared  in  the  fifteenth 
degree  of  Scorpio,  which  is  said  to  have  emit- 
ted as  much  light  as  is  reflected  from  one 
quarter  of  the  moon.  In  945,  a  new  star  ap- 
peared between  the  constellations  of  Cepheus 
and  Cassiopeia;  and  another,  in  1264,  near 
the  constellation  Cassiopeia;  but  of  these 
stars  the  accounts  are  so  vague  and  imperfect 
that  we  can  form  no  distinct  conceptions  of 
the  phenomena  they  exhibited. 

The  most  striking  and  wonderful  pheno- 
menon of  this  kind  of  which  we  have  an  au- 
thentic and  distinct  description  occurred  in 
the  beginning  of  November,  1572,  when  a 
new  star  appeared  in  Cassiopeia,  forming 
nearly  a  rhombus  with  the  three  largest  stars, 
*,  &  y,  of  that  constellation.  Its  appearance 
was  sudden  arid  brilliant.  Its  phenomena 
were  so  striking  that  the  sight  of  it  determined 
the  celebrated  Tycho  Brahe  to  become  an 
astronomer.  He  did  not  see  it  at  half  an  hour 
past  five,  when  he  was  returning  from  his 
house  to  his  laboratory ;  but  returning  about 
ten,  he  came  to  a  crowd  of  country  people 
who  were  staring  at  something  behind  him. 
Looking  round,  he  saw  this  wonderful  object. 
It  was  so  bright  that  his  staff  had  a  shadow ; 
it  was  of  a  dazzling  white,  with  a  little  of  a 
bluish  tinge.  It  had  no  tail  or  hair  around  it 
similar  to  comets,  but  shone  with  the  same 
kind  of  lustre  as  the  other  fixp'l  stars.  Its 
brilliancy  was  so  great  as  to  surpass  that  of 
Lyra  and  Sirius.  It  appeared  .en  larger 
than  Jupiter,  which  was  then  at  its  nearest 
approach  to  the  earth,  and  by  some  was  esti- 
mated to  be  superior  to  the  planet  Venus  in 
its  greatest  lustre.  It  was  even  seen  by  those 
who  had  good  eyes  at  noonday;  a  circum- 
stance which  never  happens  in  the  case  of 
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any  of  the  other  stars,  or  even  of  the  planets, 
except  Venus,  which  has  sometimes  been  seen 
in  daylight  in  certain  pecu'iar  positions. 
During  night,  it  was  frequently  seen  through 
thin  clouds  which  entirely  intercepted  the 
light  of  the  other  stars.  In  this  state  it  con- 
tinued to  shine  with  undiminished  brilliancy 
during  the  remaining  part  of  November,  or 
more  than  three  weeks.  It  did  not,  how- 
ever, continue  much  longer  with  this  degree 
of  brightness,  but  gradually  diminished  in  its 
lustre.  In  the  month  of  December,  it  ap- 
peared to  be  only  equal  to  Jupiter;  in  Janu- 
ary, 1573,  it  appeared  a  little  less  than  that 
planet,  but  still  somewhat  larger  than  stars 
of  the  first  magnitude,  to  which  it  appeared 
about  equal  during  the  months  of  February 
and  March;  thus  gradually  diminishing  in 
brightness,  in  April  and  May,  it  was  like  a 
star  of  the  second  magnitude ;  in  the  months 
of  June,  July,  and  August,  it  was  equal  only 
to  the  largest  stars  in  Cassiopeia,  which  are 
mostly  of  the  third  magnitude;  in  September, 
October,  and  November,  it  was  no  larger  than 
a  star  of  the  fourth  magnitude  ;  in  December, 
it  was  about  equal  to  the  star  called  Gamma, 
which  was  nearest  to  it ;  towards  the  end  of 

1573,  and  during   the   month    of  January, 

1574,  it  was  but  little  superior  to  stars  of  the 
fifth    magnitude ;    in    February,   it   was    no 
larger  than  a  star  of  the  sixth  magnitude; 
and  in  the  month  of  March  it  entirely  disap- 
peared, having  continued  visible  from  the  be- 
ginning of  November,  1572,  to  March,  1574, 
a  period  of  about  sixteen  months.     It  was 
remarked  that  as  it  diminished  in  size  it  was 
likewise  subject  to  certain  changes  in  colour 
and  brightness.     When  it  appeared  largest, 
its  light  was  white  and  brilliant ;  after  which 
it  appeared  a  little  yellowish  ,•   and  in  the  be- 
ginning of  spring,  1573,  it  approached  some- 
thing to  the   colour  of  Mars,  being  reddish 
like  the  star  Aldebaran,  or  the  Bull's  Eye, 
and  a  little  less  bright  than  the  star  in   the 
right  shoulder  of  Orion.     In  the  month  of 
May  that  year,  it  was  of  a  pale  livid  white, 
like  Saturn;   which  colour,   as  likewise  its 
sparkling  appearance,  continued  to  the  last, 
only  growing  more  dim  and  faint  as  it  aj>- 
proachcd  the  period  of  its  disappearance. 

Such  were  the  appearances  and  changes 
of  this  wonderful  star.  These  phenomena 
were  particularly  observed  by  several  astrono- 
mers of  that  period,  especially  by  Tycho 
Brahe,  who  wrote  a  treatise  on  the  subject, 
in  which  he  determined  its  longitude  and 
latitude,  and  demonstrated  that  it  was  situated 
in  the  region  of  the  fixed  stars,  at  a  much 
greater  distance  from  the  earth  than  the  sun, 
moon,  or  any  of  the  planets,  as  it  had  no 
sensible  parallax,  and  remained  in  the  same 
point  of  the  heavens  during  the  whole  period 
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of  its  appearance.  This  star  was  likewise 
diliggntly  observed  by  Cornelius  Gamma,  who 
says  that  on  the  night  of  the  8th  November, 
1572,  he  viewed  with  some  attention  that  part 
of  the  heavens,  in  a  very  serene  sky,  but  saw 
nothing  uncommon  ;  but  that  the  next  night, 
November  9th,  it  appeared  with  a  splendour 
surp^-'ing  all  the  fixed  stars,  and  scarcely 
less  bright  than  Venus.  The  longitude  of 
this  star,  as  determined  by  Tycho,  was  9° 
17',  and  53°  45'  of  north  latitude. 

The  point  in  the  heavens  where  this  star 
appeared  may  be  ascertained  from  the  follow- 
ing figure,  which  exhibits  a  representation  of 
the  principal  stars  in  Cassiopeia.  The  general 
position  of  this  constellation  may  be  found 
from  the  map  of  the  circumpolar,  stars,  Plate 
III.  It  is  almost  directly  opposite  Ursa  Major, 
or  the  Great  Bear.  A  line  drawn  from  the 
Bear  through  the  pole-star  meets  Cassiopeia 
at  nearly  an  equal  distance  on  the  other  side 
of  that  star.  When  the  Bear  is  at  its  lowest 
position  below  the  pole,  Cassiopeia  is  near 
the  zenith,  and  vice  versa.  In  the  annexed 
representation  (fig.  9)  the  large  star  towards 
the  left  points  out  the  place  which  was  occu- 
pied by  the  new  star,  which,  with  the  three 
stars  a,  j3,  y,  forms  a  kind  of  rhombus,  or 
irregular  square.  The  one  on  the  left  above 
the  new  star  is  ]3,  and  is  also  known  by  the 

Fig.  9. 


name  of  Caph.  The  one  to  the  right  of 
Caph  and  a  little  higher  is  a,  distinguished 
likewise  by  the  name  Schedir.  Below  Schedir, 
and  a  little  to  the  right,  is  the  star  y,  or 
Gamma.  About  six  degrees  north-west  of 
Caph,  the  telescope  reveals  to  us  a  pretty 
large  nebula  of  small  stars,  apparently  com- 
pressed into  one  mass,  with  a  number  of  loose 
stars  surrounding  it. 

In  the  year   1604,  about  the  end  of  Sep- 
tember, another  new  star  appeared  near  the 
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heel  of  the  right  foot  of  Serpentarius.  At 
that  time,  near  the  same  part  of  the  heavens, 
the  planets  Mars,  Jupiter,  and  Saturn,  were 
very  near  each  other,  a  phenomenon  which 
so  engaged  the  attention  of  astronomers  that 
no  uncommon  appearance  in  that  quarter  of 
the  heavens  could  long  have  escaped  detection. 
On  the  17th  of  September,  Kepler,  who  wrote 
a  treatise  on  this  star,  carefully  observed  the 
three  planets ;  on  the  23d,  he  again  viewed 
Mars  and  Jupiter,  then  approaching  to  their 
conjunction;  and  one  of  his  scholars  made 
the  same  observation  on  the  27th.  On  the 
28th,  and  on  the  29th,  which  was  the  day 
when  Mars  and  Jupiter  were  in  conjunction, 
they  were  observed  by  Msestlinus  and  others  ; 
but  none  of  them  as  yet  saw  any  thing  of  the 
new  star.  On  the  30th,  the  sudden  breaking  of 
the  clouds  afforded  one  of  Kepler's  friends  an 
opportunity  of  having  a  very  short  view  of  it  ; 
for  in  looking  for  Mars  and  Jupiter,  he  saw 
a  bright  star  near  them,  which  he  had  not 
seen  before,  but  it  was  soon  obscured  by  clouds. 
On  the  2d,  3d,  4th,  and  6th  of  October,  it 
was  seen  by  several  persons  in  different  places. 
On  account  of  cloudy  weather  at  Prague, 
where  Kepler  resided,  he  did  not  see  it  till  the 
8th  of  that  month.  All  the  observers  agreed 
in  this, — that  it  was  exactly  round,  without 
any  beard  or  tail ;  that  it  was  exactly  like  one 
of  the  fixed  stars ;  and  that  in  the  vividness 
of  its  lustre,  and  the  quickness  of  its  spark- 
ling, it  exceeded  any  thing  they  had  ever  seen 
before.  As  to  its  colour,  it  was  remarked  that 
it  was  every  moment  changing  into  the  colours 
of  the  rainbow,  as  yellow,  orange,  purple,  and 
red  ;  but  was  generally  white  when  at  a  little 
height  above  the  vapours  near  the  horizon. 
At  its  first  appearance,  it  seemed  larger  than 
any  of  the  fixed  stars,  and  even  surpassed 
Jupiter,  which  planet  was  near  it  during  the 
whole  of  October,  and  by  its  steady  light  was 
easily  distinguishable  from  this  vehemently 
sparkling  star.  It  continued  of  the  same  size 
and  brilliancy  during  the  whole  of  October. 
About  the  end  of  this  month  the  sun  was  ap- 
proaching that  part  of  the  heavens  in  which 
the  star  appeared,  yet  on  the  30th  it  was  so 
much  brighter  than  Jupiter  that  Kepler  could 
see  it  distinctly  when  Jupiter  was  impercepti- 
ble, on  account  of  the  light  of  the  sun,  though 
he  was  further  from  the  sun's  beams  than  the 
star.  On  the  6th  and  8th  of  November  it 
was  seen  by  Kepler  and  others  ;  and  at  Turin, 
on  the  13th,  which  appears  to  have  been  the 
last  time  it  was  perceived  before  being  over- 
powered by  the  solar  rays.  After  emerging 
from  the  sun's  rays,  on  the  west,  it  was  seen 
in  the  morning  on  the  24th  December,  and 
though  it  sparkled  exceedingly,  yet  it  was 
considerably  diminished  in  magnitude,  appear- 
ing however,  larger  than  the  bright  star  An- 
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tares.  From  the  middle  of  January  1 605,  till 
the  middle  of  March,  it  gradually  diminished 
in  brightness.  In  the  beginning  of  April,  it 
appeared  like  a  star  of  the  third  magnitude, 
and  continued  nearly  of  the  same  size  during 
the  months  of  May,  June,  and  July,  and  con- 
tinued to  sparkle  more  strongly  than  any  other 
fixed  star.  On  September  28th,  a  year  after 
its  first  appearance,  it  was  more  brilliant  than 
the  star  in  the  leg  of  Serpentarius,  which  is 
reckoned  of  the  third  magnitude.  As  it  was 
at  this  time  again  approaching  to  the  vicinity 
of  the  sun,  it  does  not  appear  to  have  been 
seen  after  this  period.  In  December,  1605. 
and  January,  1606,  cloudy  weather  prevented 
observations  after  it  had  emerged  from  the 
solar  rays.  Kepler  concludes  that  it  must  have 
disappeared  some  time  between  October, 
1605,  and  the  following  February,  but  on  what 
day  is  uncertain.  Like  the  former  star  which 
appeared  in  Cassiopeia,  it  had  no  parallax, 
and  remained  in  the  same  point  of  the 
heavens. 

None  of  the  new  stars  whose  phenomena 
we  have  described  above  have  ever  reappear- 
ed, the  places  which  they  occupied  still  re- 
maining a  blank.  It  is  much  to  be  regretted 
that  the  telescope  was  not  invented  at  the 
periods  when  these  stars  appeared,  as  it  might 
have  been  ascertained  by  that  instrument 
whether  they  had  any  sensible  diameters.  At 
any  rate,  their  gradual  decrease  of  magnitude 
and  lustre  might  have  been  traced  by  a  good 
telescope  for  a  long  period,  perhaps  for  years, 
after  they  disappeared  to  the  naked  eye,  which 
must  have  led  us  to  draw  some  conclusions 
respecting  the  cause  which  produced  so  ex- 
traordinary phenomena.  Were  such  a  re- 
markable phenomenon  to  happen  in  our  times, 
when  telescopes,  micrometers,  and  other  as- 
tronomical instruments  have  received  so  many 
exquisite  improvements,  so  as  to  enable  us  to 
penetrate  deep  into  the  profundity  of  space, 
and  to  measure  the  smallest  angles,  a  variety 
of  additional  facts  and  circumstances  would 
doubtless  be  discovered  in  relation  to  pheno- 
mena and  events  so  striking  and  sublime.* 

The  subject  of  new  stars,  such  as  those  now 
described,  which  blazed  forth  with  so  extra- 
ordinary a  brilliancy  and  so  soon  disappeared, 
naturally  gives  rise  to  solemn  and  interesting 
reflections.  There  is  a  mystery  that  hangs 

*  Besides  the  above,  the  following  instances  of 
new  stars  maybe  noted  :— In  the  year  1670,  a  new 
star  was  discovered  by  llevelius  and  Anthelm,  near 
lh«  head  of  the  Swan,  which,  after  becoming  in- 
visible, reappeared,  and  after  undergoing  several 
singular  fluctuations  of  light  during  two  years, 
gradually  vanished  from  the  sight,  and  has  never 
since  been  seen.  Another  new  star  is  said  to 
have  been  seen  the  same  year  at  Paris,  about  the 
back  of  the  Swan,  which,  after  the  space  of  four- 
teen days,  vanished  away. — Whiston'a  Astrono- 
mical Lectures,  p.  45. 
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over  such  sublime  phenomena  which  pro- 
duces in  the  mind  an  anxious  desire  to  behold 
the  veil  removed,  and  to  investigate  the  reasons 
and  causes  of  such  stupendous  events.  "It 
is  impossible,"  says  Mrs.  Sommerville,  when 
alluding  to  the  star  of  1572,  "  to  imagine  any 
thing  more  tremendous  than  a  conflagration 
that  would  be  visible  at  such  a  distance." 
Whether  there  was  any  thing  in  the  existing 
state  of  the  body  alluded  to  similar  to  what 
we  call  a  conflagration  may  be  justly  doubted ; 
but  there  was  a  splendour  and  luminosity  con- 
centrated in  that  point  of  the  heavens  whore 
the  star  appeared  which  would  more  than 
equal  the  blaze  of  twelve  hundred  thousand 
worlds  such  as  ours,  were  they  all  collected 
into  one  mass,  and  all  at  once  wrapt  in  flames. 
Nay,  it  is  not  improbable  that,  were  a  globe 
as  large  as  would  fill  the  whole  circumference 
of  the  earth's  annual  orbit  to  be  lighted  up 
with  a  splendour  similar  to  that  of  the  sun, 
it  would  scarcely  surpass  in  brilliancy  anc 
splendour  the  star  to  which  we  refer;  fo 
during  the  whole  period  of  its  continuing 
visible,  it  never  appeared  in  the  least  to  shift 
its  position,  though  it  was  carefully  watched 
by  the  astronomers  of  that  age  ;  and,  conse- 
quently, the  whole  diameter  of  the  earth's 
orbit,  while  the  earth  passed  from  one  extre- 
mity of  it  to  another,  appeared  only  as  a  point 
at  the  vast  distance  at  which  the  star  was 
situated.  These  may  appear  bold  positions, 
but  they  are  in  some  measure  warranted  by 
the  facts  of  the  case,  and  they  are  perfectly 
consistent  with  what  we  know  of  many  of 
the  other  astonishing  operations  of  that 
Almighty  Being  who  is  "  wonderful  in  coun- 
sel and  excellent  in  working,"  and  "  whose 
ways,"  in  providence  and  creation  "  are  past 
finding  out." 

It  is  natural  to  inquire  what  may  have  been 
the  cause  of  phenomena  so  extraordinary  and 
sublime ;  but  our  limited  views  of  creation 
and  of  the  plans  and  purposes  of  its  Omnipo- 
tent Contriver  and  Governor  prevent  us  from 
arriving  at  any  satisfactory  conclusions.  La 
Place  says,  in  reference  to  this  subject — "  As 
to  those  stars  which  suddenly  shine  forth  with 
a  very  vivid  light,  and  then  vanish,  it  may  be 
supposed,  with  probability,  that  great  confla- 
grations, occasioned  by  extraordinary  causes, 
take  place  on  their  surfaces ;  and  this  suppo- 
sition is  confirmed  by  their  change  of  colour, 
analogous  to  that  which  is  presented  to  us  on 
the  earth  by  bodies  which  are  consumed  by 
fire."*  But  such  an  opinion,  however  great 
the  astronomer  who  proposed  it,  appears  quite 
unsatisfactory.  We  err  egregiously  when 
we  attempt  to  compare  the  puny  operations 
and  conflagrations  which  happen  on  our  globe 
with  a  scene  so  far  transcending  every  thing 
*  System  of  the  World,  vol.  i.  p.  101. 
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we  behold  in  this  terrestrial  sphere.  The 
greatest  conflagration  that  was  ever  witnessed 
on  earth  cannot  bear  the  smallest  proportion 
or  similitude  to  an  object  which  must  have 
occupied  a  space  more  than  ten  hundred  thou- 
sand times  the  solid  contents  of  our  globe ; 
nor  is  it  likely  that  the  agents  or  elementary 
principles  which  produced  the  respective  phe- 
nomena were  at  all  similar. 

The  late  Professor  Vince,  one  of  the  most 
learned  astronomers  of  his  age,  has  the  fol- 
lowing remark : — "  The  disappearance  of  some 
stars  may  be  the  destruction  of  that  system 
at  the  time  appointed  by  the  Deity  for  the 
probation  of  its  inhabitants,  and  the  appear- 
ance of  new  stars  may  be  the  formation  of 
new  systems  for  new  races  of  beings  then 
called  into  existence  to  adore  the  works  of 
their  Creator."*  The  late  Dr.  Mason  Good 
seemed  to  indulge  in  a  similar  opinion. 
"  Worlds,  and  systems  of  worlds,"  says  he, 
"  are  not  only  perpetually  creating,  but  also 
perpetually  disappearing.  It  is  an  extraordi- 
nary fact  that,  within  the  period  of  the  last 
century,  not  less  than  thirteen  stars,  in  differ- 
ent constellations,  seem  to  have  totally  pe- 
rished, and  ten  new  ones  to  have  been  cre- 
ated. In  many  instances  it  is  unquestionable 
that  the  stars  themselves,  the  supposed  habi- 
tation of  other  kinds  or  orders  of  intelligent 
beings,  together  with  the  different  planets  by 
which  it  is  probable  they  were  surrounded, 
have  utterly  vanished,  and  the  spots  which 
they  occupied  in  the  heavens  have  become 
blanks.  What  has  befallen  other  systems 
will  assuredly  befall  our  own.  Of  the  time 
and  the  manner  we  know  nothing ;  but  the 
fact  is  incontrovertible — it  is  foretold  by  reve- 
lation— it  is  inscribed  in  the  heavens — it  is 
felt  through  the  earth.  Such  is  the  awful 
and  daily  text ;  what,  then,  ought  to  be  the 
comment?"  Similar  to  these  were  the  sen- 
timents of  the  late  professor  Robinson,  of 
Edinburgh :— «  What  has  become  of  that 
dazzling  star,  surpassing  Venus  in  brightness, 
which  shone  out  all  at  once  in  November, 
1572  1" — "Such  appearances  in  the  heavens 
make  it  evident  that,  notwithstanding  the 
wise  provision  made  for  maintaining  that 
order  and  utility  which  we  behold  in  our 
system,  the  day  may  come  <  when  the  heavens 
shall  pass  away  like  a  scroll  that  is  folded  up, 
when  the  stars  in  heaven  shall  fall,  and  the 
sun  shall  cease  to  give  his  light.'  The  sus- 
taining hand  of  God  is  still  necessary,  and 
the  present  order  and  harmony  which  he  has 
enabled  us  to  understand  and  admire  is  wholly 
dependent  on  his  will,  and  its  duration  is  one 
of  the  unsearchable  measures  of  his  provi- 
dence." 

Such  are  the  pious  sentiments  of  the  above- 
*  Vinee's  "Complete  System  of  Astronomy." 


named  respectable  philosophers  in  reference 
to  the  subject  under  consideration ;  but  it  may 
be  questioned  whether  they  are  altogether  ju- 
dicious, or  correspondent  to  the  perfections  of 
the  Creator  and  the  arrangements  he  has 
made  in  the  universe.  They  seem  to  take 
for  granted  that  those  stars  which  have  blazed 
for  awhile,  and  then  disappeared,  have  been 
destroved  or  annihilated.  We  are  indeed  in- 
formed that,  in  regard  to  our  globe,  a  period 
is  approaching  when  "the  elements  shall 
melt  with  fervent  heat,  and  the  earth  and  the 
works  that  are  therein  shall  be  burnt  up." 
But  such  a  conflagration  cannot  be  justly 
compared  to  the  splendours  of  those  wonder- 
ful stars  described  above.  At  whatever  period 
in  the  lapse  of  duration  such  an  event  may 
take  place,  it  will  be  so  far  from  being  visible 
at  the  nearest  star,  that  it  would  not  be  seen 
by  such  eyes  as  ours  at  the  boundaries  of  our 
system.  Besides,  we  are  assured,  in  that 
revelation  which  announces  it,  that  that  aw- 
ful event  shall  take  place  as  one  of  the  conse- 
quences of  the  sin  and  depravity  of  man; 
and  therefore  we  have  no  reason  to  believe 
that  it  will  extend  to  the  sun  or  any  of  the 
surrounding  planets  of  our  system ;  nor  have 
we  any  reason  to  conclude  that  the  conflagra- 
tion of  our  globe  will  issue  in  its  entire  de- 
struction, or  that  the  elementary  principles  of 
which  it  is  composed  will  be  annihilated.  It 
is  more  probable,  nay,  almost  certain,  that 
this  tremendous  event  will  only  tend  to  purify 
our  globe  from  the  physical  evils  which  now 
exist,  and  to  transform  it  into  a  new  and  hap- 
pier world  for  the  residence  of  renovated  and 
pure  intelligences.  In  regard  to  annihilation, 
we  have  no  proof  that  any  particle  of  matter 
which  was  ever  created  has  yet  been  annihi- 
lated.* Incessant  changes  and  transforma- 
tions are  going  forward  both  in  the  scene  of 
sublunary  nature  and  throughout  the  celestial 
regions ;  but  changes  in  material  objects  do 
not  necessarily  imply  the  destruction  of  the 
matter  of  which  they  are  composed,  but 
simply  a  new  arrangement  or  mode  of  opera- 
tion. We  have  no  reason  to  believe  that  any 
portions  of  matter  which  now  exist  through- 
out the  universe  will  ever  be  reduced  to  anni- 
hilation. On  the  other  hand,  we  have  palpa- 
ble evidence,  from  several  phenomena  in  the 
heavens,  that  the  work  of  creation  is  still 
going  forward,  and  that  the  Creator  is  gradu- 
ally ushering  into  existence  new  suns,  and 
systems,  and  worlds  ;  and  in  all  probablity  his 
creating  energy  will  be  continually  exerting 
itself  throughout  all  the  succeeding  ages  of 
eternity. 

Again,   if  that   grand    and   terrific   event 
which  is  to  put  a  final  period  to  the  present 

*  See  "  Philosophy  of  a  Future  State,"  chap,  i- 
sect.  10;  and  "Christian  Philosopher." 
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terrestrial  system  is  to  be  viewed  as  a  conse- 
quence of  the  introduction  of  moral  evil  and 
the  depravity  of  man,  then  we  are  led  to  con- 
clude that  those  intelligences  which  were 
connected  with  the  systems  which  are  sup- 
posed to  have  been  destroyed  must  have  been 
involved  in  the  guilt  of  moral  degeneracy,  or, 
in  other  words,  in  rebellion  against  their  Cre- 
ator ;  otherwise,  why  were  they  subjected  to 
such  an  awful  catastrophe,  and  doomed  to  be 
blotted  out  of  existence  ?  We  have  no  ground 
for  entertaining  any  such  supposition.  Rea- 
soning from  the  benevolence  of  the  Deity,  it 
is  more  probable  to  conclude  that  the  inhabi- 
tants of  our  world  are  almost  the  only  intelli- 
gences throughout  the  universe  who  have 
swerved  from  the  path  of  original  rectitude, 
and  violated  the  moral  laws  of  their  Maker. 
Nor  is  it  likely  that  the  whole  inhabitants  of 
any  system,  consisting,  perhaps,  of  thirty  or 
even  of  a  hundred  worlds — would  be  found 
uniting  in  rebellion  against  the  moral  govern- 
ment of  their  Benefactor,  so  as  to  warrant  the 
entire  destruction  of  the  system  with  which 
they  were  connected.  Besides,  were  the 
views  of  the  philosophers  to  which  I  allude  to 
be  adopted,  then  we  must  admit  that  the  sys- 
tems which  in  their  opinion  were  destroyed 
or  annihilated  must  have  been  continued  in 
existence  only  for  a  year  or  two ;  for  no  lumi- 
nous bodies  occupied  the  places  of  the  new 
stars  before  they  burst  on  a  sudden  to  the 
view,  and  no  twinkling  orbs  have  been  seen 
in  these  points  of  the  heavens  since  they  dis- 
appeared ;  but  it  is  surely  not  at  all  probable 
that  the  Almighty  would  launch  into  exist- 
ence systems  of  such  amazing  magnitude  and 
splendour,  and  suffer  them  to  rush  into  de- 
struction within  a  period  of  so  very  limited 
duration. 

For  the  reasons  now  stated,  and  others 
which  might  have  been  brought  forward,  I 
cannot  acquiesce  in  the  views  of  the  respect- 
able philosophers  to  which  I  have  adverted; 
but  it  is  easier  to  set  aside  an  untenable  hypo- 
thesis than  to  attempt  an  explanation  of  the 
real  causes  of  so  sublime  and  wonderful  phe- 
nomena. In  investigating  the  distant  won- 
ders of  the  universe  and  the  arrangements  of 
the  Divine  government,  it  becomes  us  to  ex- 
press our  sentiments  with  modesty  and  cau- 
tion. Whatever  may  have  been  the  causes 
which  produced  the  sudden  splendour  and  the 
rapid  disappearance  of  the  new  stars,  I  enter- 
tain not  tbe  least  doubt  that  those  bodies  are 
•till  in  existence,  and  subserving  important 
purposes  in  the  economy  of  God's  universal 
government  Almost  any  hypothesis  is  to  be 
preferred  to  that  which  supposes  their  de- 
struction or  annihilation.  What  should  hin- 
der us  from  concluding  that  the  extraordinary 
phenomena  of  the  star  of  1572  was  owing  to 
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a  luminous  orb  of  immense  magnitude,  ac- 
companied with  a  retinue  of  worlds,  moving 
with  inconceivable  velocity  in  an  immense 
elliptical  orbit,  the  longer  side  of  which  was 
nearly  in  a  direction  to  our  eye ;  that  its 
most  brilliant  appearance  was  when  it  was 
nearerst  our  system,  as  at  A,  (fig.  10,)  sup- 


posing E  the  relative  position  of  the  earth,  01 
of  -our  system ;  and  that,  as  it  gradually  de- 
clined in  its  brightness,  it  was  passing  along 
the  curve  from  A  towards  B  and  C,  till  its 
rapid  flight  at  length  carried  it  beyond  the 
limits  of  human  vision  1  Had  telescopes  been 
in  use  at  that  period,  there  is  little  doubt  it 
would  have  been  seen,  though  still  diminish- 
ing, for  a  much  longer  period  than  that  in 
which  it  was  visible  to  the  unassisted  eye ; 
in  which  case  it  would  have  fully  corroborated 
the  opinion  now  stated.  In  confirmation  of 
this  explanation  of  the  phenomena  it  has  been 
supposed,  with  a  high  degree  of  probability, 
that  it  is  the  same  star  which  appeared  in  the 
year  945  and  in  1264,  which,  of  course,  would 
have  a  period  of  revolution  of  about  319  years, 
which  period  might  vary  two  or  three  years 
in  the  course  of  its  revolutions,  from  causes 
with  which  we  are  unacquainted,  as  we  find 
sometimes  happens  in  the  case  of  comets. 
This  opinion  is  rendered  the  more  probable 
from  the  consideration  that  the  stars  of  945 
and  1264  appeared  in  the  constellation  of 
Cassiopeia,  where  likewise  the  star  of  1572 
was  observed ;  and  if  these  be  identical,  then 
it  is  probable  that  it  will  again  make  its  ap- 
pearance about  the  year  1891  or  1892;  and 
if  so,  astronomers  will  then  have  a  better  op- 
portunity of  marking  its  aspects  and  motions, 
and  determining  its  size  and  its  period  of  re- 
volution. 

If  this  explanation  appear  the  most  proba- 
ble, it  presents  to  the  mind  a  most  magnifi- 
cent and  overwhelming  idea,  without  suppos- 
ing any  thing  so  tremendous  and  terrific  as  a 
sudden  conflagration.  It  presents  before  us  a 
luminous  globe  of  astonishing  magnitude — 
perhaps  not  less  than  a  hundred  times  the 
size  of  our  sun — winging  its  course  over  a 
circuit  perhaps  a  thousand  times  more  expan- 
sive than  the  orbit  of  Uranus,  and  carrying 
along  with  it  a  hundred  worlds  in  its  swift 
career.  The  motion  of  such  a  body  nmst 
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have  been  rapid  in  the  extreme,  when  we  con- 
sider the  rapid  diminution  of  its  apparent 
magnitude.  In  the  month  of  November  it 
first  appeared;  in  December  its  brightness 
was  sensibly  diminished ;  in  the  month  of 
April  following  it  had  diminished  to  the  size 
of  a  star  of  the  second  magnitude ;  in  July, 
to  one  of  the  third  magnitude ;  in  October,  to 
one  of  the  fourth ;  in  the  following  January, 
to  one  ^f  the  fifth ;  in  February,  to  one  of 
the  sixth  magnitude ;  and  in  March  it  disap- 
peared. 

Now,  according  to  Sir  W.  Herschel's  ex- 
periments, the  light  of  a  star  of  the  first  magni- 
tude being  supposed  100,  the  light  of  one  of  the 
second  magnitude  is  25,  one  of  the  third  mag- 
nitude, 12,  &c.  (see  p.  25.)  If,  then,  we  sup- 
pose these  classes  of  stars  to  be  nearly  of  equal 
magnitudes,  and  that  their  distance  is  in  an 
inverse  proportion  to  the  diminution  of  their 
light,  it  will  follow  that  a  star  of  the  second 
magnitude  is  four  times  the  distance  of  a  star 
of  the  first;  a  star  of  the  third  magnitude, 
four  times  the  distance  of  the  second,  or  eight 
times  the  distance  of  the  first  magnitude,  &c, 
Supposing,  then,  the  star  of  1572  to  have 
been  twenty  billions  of  miles  from  the  earth  at 
its  nearest  approach  to  our  system :  from  De- 
cember, 1572,  to  April,  1573,  when  it  was 
diminished  to  the  apparent  size  of  a  star  of 
the  second  magnitude,  it  must  have  moved 
four  times  that  distance,  or  eighty  billions  of 
miles  during  these  four  months,  which  is  at 
the  rate  of  six  hundred  thousand  millions  of 
miles  a  day,  and  four  hundred  and  sixty-two 
millions  a  minute,  a  velocity  of  which  we  can 
have  no  adequate  conception. 


If  the  above  explanation  be  unsatisfactory, 
I  know  not  to  what  hypothesis  to  resort  for  a 
solution  of  this  mysterious  and  wonderful 
phenomenon.  Whatever  view  we  may  be 
disposed  to  take  of  such  striking  events,  we 
are  lost  in  admiration  and  wonder.  We  be- 
hold a  display  of  magnitude,  of  motion,  and 
of  magnificence,  which  overpowers  the  human 
faculties,  which  shows  us  the  littleness  of  man 
and  the  limited  nature  of  his  powers,  and 
which  ought  to  inspire  us  with  reverence  of 
that  Almighty  Being  who  sits  on  the  throne 
of  the  universe,  directing  all  its  movements 
for  the  accomplishment  of  his  wise  and  right- 
eous designs,  and  for  the  diffusion  of  universal 
happiness  throughout  all  the  ranks  of  intelli- 
gent existence.  However  astonishing  the  con- 
clusions we  are  led  to  deduce  from  the  phe- 
nomena under  consideration,  the  facts  to  which 
we  have  adverted  are  not  beyond  the  energies 
of  Him  whose  perfections  are  strictly  infinite. 
Nay,  from  such  a  Being,  who  is  self-existent 
and  omniscient,  who  fills  the  immensity  of 
space  with  his  presence,  and  whose  power  is» 
boundless  in  its  operation,  we  should  naturally 
expect  that  displays  of  creating  and  sustain- 
ing energy  would  be  exhibited,  altogether  over- 
whelming and  incomprehensible  by  mortals. 
"  Canst  thou  by  searching  find  out  God  1 
Canst  thou  find  out  the  almighty  perfection  1 
In  the  heights  of  heaven  he  doth  great  things 
ptnt  finding  out,  yea,  and  winders  without 
number.  By  his  spirit  he  ha* .  garnished  the 
heavens.  The  pillars  of  heaven  tremble  and 
are  astonished  at  his  -jproo'l  Lo,  these  are 
but  parts  of  his  ways ;  but  the  thunder  of  his 
power  who  can  understand1?" 


CHAPTER  VII. 


On  Variable  Stars. 


WHEX  the  starry  firmament  is  attentively 
surveyed,  and  the  aspects  of  the  numerous 
orbs  it  contains  particularly  marked,  it  is  found 
that  several  of  these  bodies  are  subject  to  pe- 
riodical changes  in  the  brilliancy  of  their  light 
and  their  apparent  diameters,  indicating  in 
some  instances  motions  and  revolutions  of 
considerable  extent.  The  following  sketches 
contain  descriptions  of  the  more  remarkable 
phenomena  connected  with  this  class  of  the 
heavenly  bodies,  generally  known  by  the  name 
of  variable,  or  periodical  stars  : 

The  first  star  of  this  kind  which  seems  to 
have  been  particularly  noticed  is  one  in  the 
neck  of  the  Whale,  whose  right  ascension  is 
2h  8'  33",  and  south  declination,  3°  57'  25". 
It  was  first  observed  on  August  13th,  1596, 
by  David  Fabricius,  when  it  appeared  like  a 


star  of  the  third  magnitude,  but  disappeared 
after  the  month  of  October  in  the  same  year. 
It  was  again  observed  by  Holwarda  in  the 
year  1637;  and  after  having  disappeared  dur- 
ing a  period  of  nine  months,  it  again  became 
visible ;  since  which  time  it  has  been  found 
every  year  pretty  regular  in  its  period,  except 
from  October,  1672,  to  December,  1676,  during 
which  time  Hevelius  could  not  perceive  it, 
though  it  was  a  particular  object  of  his  atten- 
tion. Bullialdus,  a  Frenchman,  having  com- 
pared together  the  observations  that  had  been 
made  on  it  from  1638  to  1666,  determined  the 
periodical  time  between  its  appearing  in  its 
greatest  brightness  and  returning  to  it  again 
to  be  333  days.  He  found  also  that  about  120 
days  elapse  between  the  time  that  it  is  first 
seen  of  the  sixth  magnitude  and  its  disappear- 
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ing ;  that  it  continues  in  its  greatest  lustre  for 
about  fifteen  days;  that  after  its  first  reap- 
pearance of  the  sixth  magnitude  it  increases 
in  size  much  faster  till  it  come  to  be  of  the 
fourth  magnitude,  than  it  does  from  that  pe- 
riod to  its  being  of  the  third ;  and  that  from 
its  being  of  the  third  it  increases  to  the  second 
magnitude  by  still  slower  degrees.  Modern 
astronomers  give  the  following  description  : — 
"  It  remains  in  its  greatest  brightness  about  a 
fortnight,  being  then  nearly  equal  to  a  star  of 
the  second  magnitude ;  it  decreases  during 
three  months,  till  it  becomes  completely  invisi- 
ble, in  which  state  it  remains  about  five 
months,  when  it  again  becomes  visible,  and 
continues  increasing  during  the  remaining 
three  months  of  its  period ;  but  it  does  not 
always  return  to  the  same  degree  of  bright- 
ness, nor  increase  and  diminish  by  the  same 
gradations."  It  appears  about  twelve  times 
in  eleven  years.  Cassini  determined  its  pe- 
riod to  be  334  days ;  but  Sir  W.  Herschel 
makes  it  331  days,  10  hours,  19  minutes.  It 
appears,  then,  that  this  star  passes  through  all 
the  gradations  of  light  and  magnitude  from  a 
star  of  the  second  to  a  star  of  the  sixth  mag- 
nitude and  under ;  but  after  it  has  disappeared 
to  the  naked  eye  it  may  be  traced  to  its  lowest 
magnitude  by  a  telescope  of  moderate  power. 
It  is  sometimes  distinguished  by  the  name  of 
Stella  Mira,  or  the  wonderful  star,  and  Omi- 
cron  Ceti. 

In  1704,  Maraldi  observed  a  variable  star 
in  the  constellation  Hydra.  This  star  had 
been  described  by  Montanari  in  1670,  but  was 
not  visible  in  April,  1702.  Maraldi  saw  it 
for  the  first  time  in  the  beginning  of  March, 
1704,  in  the  same  place  where  it  had  been 
seen  thirty-four  years  before.  It  appeared  of 
the  fourth  magnitude,  and  continued  nearly  in 
the  same  state  till  the  beginning  of  April.  It 
then  gradually  diminished  till  the  end  of  May, 
when  it  could  no  longer  be  seen  by  the  naked 
eye,  but  was  visible  through  the  telescope  for 
a  month  longer.  It  could  not  be  seen  again 
till  the  end  of  November,  1705,  when  that 
part  of  the  heavens  began  to  emerge  from  the 
sun's  rays.  It  was  then  very  faint,  and  grew 
less  and  less  till  the  end  of  February,  1706, 
and  could  then  be  scarcely  perceived  even 
with  a  telescope.  It  did  not  reappear  till  the 
18th  of  April,  1708,  when  it  was  larger  than 
a  star  of  the  sixth  magnitude,  and  increasing 
in  lustre.  It  was  seen  by  the  same  observer 
afterwards,  in  the  years  1709  and  1712.  From 
the  observations  of  Maraldi,  Mr.  Pigot  con- 
cludes that  its  period  was  then  494  days ;  but 
from  observations  made  by  himself,  he  thinks 
that  now  it  is  only  487  days ;  so  that  from 
the  time  of  Maraldi  it  has  shortened  seven 
Jays.  The  following  are  the  more  prominent 
particulars  relating  to  this  star: — 1.  When 
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at  its  full  brightness  it  is  of  the  fourth  magni- 
tude, and  does  not  perceptibly  change  for  the 
space  of  fourteen  days.  2.  It  is  about  six 
months  in  increasing  from  the  tenth  magni- 
tude and  returning  to  the  same ;  so  that  it 
may  be  considered  as  invisible  during  that 
time.  3.  It  is  considerably  more  quick,  per- 
haps one-half  more  so,  in  its  increase  than 
in  its  decrease.  4.  Though,  when  at  its  full, 
it  may  always  be  styled  a  star  of  the  fourth 
magnitude,  it  does  not  constantly  attain  the 
same  degree  of  brightness,  but  the  differences 
are  very  small.  5.  Its  right  ascension  for 
1 786  is  31"  18'  4"  ;  and  its  south  declination, 
22°  9'  38".  It  is  marked  No.  30  in  Heve- 
lius'  Catalogue  of  the  Stars ;  from  which 
data,  its  place  may  easily  be  found  on  a  plani- 
sphere, or  on  the  celestial  globe. 

In  the  year  1600,  G.  Jansonius  discovered  a 
variable  star  in  the  breast  of  the  Swan,  which 
was  afterwards  observed  by  different  astrono- 
mers, and  supposed  to  have  a  period  of  about 
ten  years.  The  results  of  Mr.  Pigot's  calcu- 
lations from  the  observations  of  former  astro- 
nomers are — 1.  That  it  continues  in  full  lus- 
tre for  five  years.  2.  It  decreases  rapidly  for 
two  years.  3.  It  is  invisible  to  the  naked 
eye  for  four  years.  4.  It  increases  slowly 
during  seven  years.  5.  All  these  changes  are 
completed  in  eighteen  years.  6.  It  was  at  its 
minimum  at  the  end  of  the  year  1663.  7.  It 
does  not  always  increase  to  the  same  degree 
of  brightness,  being  sometimes  of  the  third, 
and  at  others  only  of  the  sixth  magnitude. 
"  I  am  entirely  ignorant,"  says  Mr.  Pigot, 
"  whether  it  is  subject  to  the  same  changes  in 
this  century,  having  not  met  with  any  series 
of  observations  upon  it ;  but  if  the  above  con- 
jectures are  right,  it  will  be  at  its  minimum  in 
a  very  few  years.  Since  November,  1 78 1 ,  to 
the  year  1786,  I  have  constantly  seen  it  of 
the  sixth  magnitude,  though  I  suspect  that  in 
1785-6,  it  had  rather  decreased."  This  star 
is  near  Gamma  in  the  Swan's  breast :  it  varies 
from  the  third  to  the  sixth,  seventh,  &c.  mag- 
nitudes. Its  right  ascension  is  20h  9'  54" ; 
north  declination,  37°  22'  37". 

One  of  the  most  remarkable  of  these 
changeable  stars  is  that  called  Algol,  in  the 
head  of  Medusa,  in  the  constellation  Perseus. 
It  had  long  since  been  known  to  appear  of 
different  magnitudes  at  different  times ;  but 
its  period  was  first  ascertained  by  John  Good- 
ricke,  Esq.,  of  York,  who  began  to  observe 
it  in  the  beginning  of  the  year  1783.  It 
changes  continually  from  the  first  or  second 
to  the  fourth  magnitude ;  and  the  time  which 
elapses  from  one  greatest  diminution  to  the 
other  was  found  in  1783  to  be,  at  a  mean,  2 
days,  20  hours,  49  minutes.  The  change  is 
thus — during  four  hours  it  gradually  dimi- 
nishes in  lustre ;  during  the  succeeding  four 
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hours  it  recovers  its  first  magnitude  by  a  like 
gradual  increase ;  and  during  the  remaining 
part  of  the  period,  namely,  2  days,  12  hours, 
42  minutes,  it  invariably  preserves  its  greatest 
lustre ;  after  the  expiration  of  which  its  dimi- 
nution again  commences.  According  to  Mr. 
Pigot,  who  has  made  many  observations  on 
such  stars,  and  paid  particular  attention  to 
the  subject,  the  degree  of  brightness  of  this 
star  when  at  its  minimum  is  variable  at 
different  periods;  and  he  is  of  the  same  opi- 
nion in  regard  to  its  brightness  when  at  its 
full;  but  whether  these  differences  return 
regularly  or  not  has  not  been  determined. 
The  right  ascension  of  Algol,  or  (3  Persei,  for 
1 786,  is  2h  54'  19" ;  and  its  north  declination, 
40°  6'  58".  It  is  situated  12°  east  of  Almaach, 
in  the  foot  of  Andromeda,  and  may  be  known 
by  means  of  three  stars  of  the  fourth  magni- 
tude lying  a  few  degrees  south-west  of  it, 
and  forming  a  small  triangle.  It  comes  to 
the  meridian  on  the  21st  December,  about 
nine  o'clock  in  the  evening ;  but  as  it  con- 
tinues above  the  horizon  at  least  twenty  hours 
out  of  the  twenty-four,  it  may  be  seen  every 
evening  from  August  to  May. 

Another  variable  star  is  to  be  found  in  the 
neck  of  the  Swan.  The  period  of  this  star 
has  been  settled  by  Maraldi  and  Cassini  at 
<*.0o  c^y: .  but  irom  a  mean  of  the  observa- 
tions of  Mr.  Pigot,  it  appears  to  be  only  392, 
or  at  most  396 jy  days.  The  particulars  re- 
lating to  it  are, — 1.  When  at  its  full  bright- 
ness, it  undergoes  no  perceptible  change  for  a 
fortnight.  2.  It  is  about  three  and  a  half 
:  .onths  in  increasing  from  the  eleventh  mag- 
r  itude  to  its  full  brightness,  and  the  same  in 
decreasing ;  for  which  reason  it  may  be  con- 
sidered as  invisible  during  six  months.  3.  It 
does  not  always  attain  the  same  degree  of 
lustre,  being  sometimes  of  the  5th  and  seme- 
times  of  the  seventh  magnitude.  The  right 
ascension  of  this  star  is  19U  42'  21";  and  its 
m  rth  declination,  32°  22'  58".  It  is  situated 
in  the  neck,  and  nearly  equi-distant  from  Beta 
and  Gamma,  and  south  by  west  from  Deneb, 
at  the  distance  of  about  twelve  degrees,  and 
j  •  marked  Chi. 

The  star  Eta  Antinoi  is  another  star  of 
this  description,  whose  variation  and  period 
were  discovered  by  Mr.  Pigot  in  1785.  From 
his  corrected  observations,  he  concludes  that  it 
continues  at  its  greatest  brightness  forty  hours 
•without  decreasing ;  it  is  sixty-six  hours  after 
;t  begins  to  decrease  before  it  comes  to  its  full 
diminution ;  after  which  it  continues  station- 
ary for  thirty  hours  more;  and  then  in- 
creases for  thirty-six  hours.  In  every  period 
it  seems  to  acquire  i  fi  U  brightress,  ard  V 
be  equally  decreased.  Its  period  thcrefo-e  '  i 
seven  days,  four  hours ;  and  its  greatest  and 
ieast  variation  is  from  the  third  to  the  .If  h 


magnitude.  Its  right  ascension  is  19h  41' 
34";  and  its  north  declination  0°  28'  14". 
It  is  about  eight  degrees  south  from  Altair, 
the  principal  star  in  the  constellation  Aquila. 
The  above  descriptions  may  suffice  as  speci- 
mens of  the  phenomena  of  variable  stars. 
There  are  about  seven  or  eight  other  stars 
which  have  been  observed  to  be  certainly  va- 
riable, among  which  are  the  following : — A 
star  in  the  Northern  Crown,  whose  right  as- 
cension is  15h  40'  11";  north  declination, 
28°  49'  30" ;  and  period,  10£  months.  A  star 
in  Hercules,  whose  right  ascension  is  17h  4' 
54";  north  declination,  14°  38';  and  period 
of  variation  60£  days.  A  star  in  Sobeiski's 
Shield,  whose  right  ascension  is  18h  36'  38"; 
south  declination,  5°  56' ;  and  period  62  days. 
The  star  ZJetaLyrae — right  ascension,  18"  42' 
1 1"  ;  north  declination,  33°  7'  46" ;  greatest 
and  least  variation,  3,  4,  5  ;  supposed  period, 
6  days,  9  hours.  The  star  Delta  Cephei, 
whose  period  is  5  days,  8£  hours ;  right  as- 
cension, 22h  21' ;  and  north  declination,  57° 
50'.  With  several  others. 

Besides  these,  whose  variations  and  periods 
have  been  determined,  there  are  about  thirty- 
seven  other  stars,  which  are,  with  good  reason, 
suspected  to  be  variable,  but  whose  periods  of 
change  have  not  yet  been  ascertained,  on  ac- 
count of  the  want  of  a  sufficient  number  of 
observers,  who  might  devote  their  attention 
more  particularly  to  this  department  of  astro- 
nomical observation.  For  example,  the  star 
Pollux,  or  Beta  Gemini,  is  suspected  to  change 
from  the  first  to  the  third  magnitude. 

When  contemplating  such  changes  among 
bodies  so  immensely  distant,  and  of  so  vast 
magnitude,  we  are  naturally  led  to  inquire 
into  the  causes  which  produce  those  pheno- 
mena. Our  ignorance,  however,  of  the  pre- 
cise nature  and  constitution  of  those  remote 
bodies,  and  of  the  scenes  and  circumstances 
in  which  they  may  be  placed,  prevent  us  from 
forming  any  definite  or  satisfactory  conclu- 
sions. The  following  are  some  of  the  opi- 
nions which  have  been  thrown  out  on  this 
subject.  It  has  been  supposed  that  portions 
of  the  surfaces  of  these  stars  are  covered  with 
large  black  spots,  which,  during  the  diurnal 
rotation  of  the  star,  present  themselves  under 
various  angles,  and  thus  produce  a  gradual 
variation  in  its  brilliancy.  Sir  W.  Herschel 
says  "  Such  a  motion  may  be  as  evidently 
proved  as  the  diurnal  motion  of  the  earth. 
Dark  spots,  or  large  portions  of  the  surface 
less  luminous  than  the  rest,  turned  alternately 
in  certain  directions,  either  towards  or  from 
us,  will  account  for  all  the  phenomena  of  pe- 
riodical changes  in  the  lustre  of  the  stars  so 
L<ttkfact;>rily,  '.hat  we  certainly  need  not  look 
for  any  otner  cause."  Sir  Isaac  Newton 
thought  thft  the  si  .d  Jen  blaze  of  some  stars 
(575) 


52 


SIDEREAL  HEAVENS 


may  have  been  occasioned  by  "  the  falling  of 
a  comet  into  them,  by  which  means  they 
would  be  enabled  t  cast  ?  prodigious  light 
for  a  little  ti.  e,  after  which  they  would  gra- 
dually return  to  their  former  state."  But  we 
know  too  little  about  the  nature  of  comets  to 
be  able  to  determine  what  effect  they  would 
produce  in  such  a  case,  nor  are  we  certain 
that  such  bodies  are  connected  with  other  sys- 
tems. If  the  fixed  stars  be  nearly  of  the  same 
nature  as  the  sun,  it  is  highly  improbable  that 
any  such  effect  would  be  produced  even 
although  a  comet  were  to  fall  into  its  lumi- 
nous atmosphere,  as  that  atmosphere  appears 
to  Y  ave  nothing  in  it  that  would  take  fire  by 
the  rpproach  of  any  extraneous  body,  or  that 
would  "  blaze"  like  combustible  substances  on 
the  earth.  The  blaze,  if  such  an  effect  were 
to  take  place,  would  scarcely  be  distinguisha- 
ble from  our  globe,  and  much  less  from  a  dis- 
tant system.  Maupertiuo,  in  a  "  Dissertation 
on  the  Figures  of  the  Celes  ial  Bodies,"  is  of 
opinion  that  some  stars,  by  th^ir  prodigious 
quick  1-otr.tion  on  their  axes,  may  not  only 
assume  the  figures  of  oblate  spheroids,  but 
that,  by  the  great  centrifugal  force  arising  from 
such  rotations,  they  may  become  of  the  figures 
of  millstones,  or  •  e  reduced  to  flat  circular 
in--  nts,  so  thin  as  to  o'>  quite  invisible  when 
their  edges  are  turned  towards  us,  as  Saturn's 
ring  is  in  such  positions.  And  when  any 
eccentric  planets  or  comets  go  round  any  fixed 
star,  in  orbits  much  inclined  to  its  equator, 
the  attraction  of  the  planets  or  comets  in  their 
perihe.'ions  must  alter  the  inclination  of  the 
axis  ot  that  star ;  on  which  account  it  will 
appear  more  or  less  large  and  luminous,  as  its 
broadside  is  turned  more  or  less  towards  us. 
This  opinion,  at  best,  I  consider  as  having  a 
very  small  degree  of  probability,  and  almost 
quite  untenable.  Mr.  Dunn,  in  a  paper  in 
vol.  52  of  the  "  Philosophical  Transactions," 
supposes  that  the  interposition  of  some  gross 
atmosphere  may  solve  the  phenomena  under 
consideration.  "  The  appearance  of  new 
stars,"  says  he,  "  and  the  disappearance  of 
others,  possibly  may  be  occasioned  by  the  in- 
terposition of  such  an  ethereal  medium  within 
their  respective  orbs  as  either  admits  light  to 
pass  freely  or  wholly  absorbs  it  at  certain 
times,  whilst  light  is  constantly  pursuing  its 
journey  through  the  vast  regions  of  space." 

Whatever  opinions  we  may  adopt  on  this 
subject,  it  is  evident  that  the  regular  succes- 
sion of  the  variations  of  periodical  stars  pre- 
clude the  idea  of  their  being  destroyed.  It  is 
likewise  evident  that  motion  of  some  kind  or 
other,  either  in  the  stars  themselves  or  in 
some  bodies  either  directly  or  remotely  con- 
nected with  them,  must  be  one  of  the  causes 
of  the  phenomena  in  question  ;  and  it  is  not 
improbable  that  different  causes  in  different 
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instances  may  operate  in  prodacin^  the  effectr. 
1"  does  not  -«ppear  to  me  probable  that  the 
cause  which  produces  the  rariation  in  the  case 
of  Delta  Cephei,  whose  period  is  only  5  days, 
83  hours,  is  the  same  whicn  produces  all  the 
variety  of  change  which  happens  in  tb.e  si^r 
Gamma  in  the  Swan's  breast,  whose  periodi- 
cal changes  are  completed  only  in  eighteen 
years.  It  is  notunlik3ly  that  a  rotation  round 
an  axis,  which  has  the  effect  of  presenting 
different  sides  of  the  star  of  more  or  icss  de- 
grees of  obscurity  or  brightness  to  the  eye  of 
a  spectator,  will  account  for  the  phenomena 
of  such  stars  as  Eta  Antinoi  and  Delta  Ce- 
phei ;  but  it  does  not  appear  probable  that  a 
motion  of  rotation  is  so  slow  in  any  of  these 
bodies  as  to  occupy  a  period  of  eighteen  years, 
as  in  the  case  of  the  star  in  the  breast  of  the 
Swan. 

I  am  disposed  to  consider  it  as  highly  pro- 
bable that  the  interposition  of  the  opaque 
bodies  of  large  planets  revolving  around 
such  stars  may,  in  some  cases,  account  for  the 
phenomena.  It  is  true  that  the  planets  con- 
nected with  the  solar  system  are  so  small  in 
comparison  of  the  sun  that  their  interposition 
between  that  orb  and  a  spectator  at  an  im- 
mense distance  would  produce  no  sensible 
effect.  But  we  have  no  reason  to  conclude 
that  in  all  other  systems  the  planets  are  form- 
ed in  the  same  proportion  to  their  central  orbs 
as  ours ;  but,  from  the  variety  we  perceive  in 
every  part  of  nature  both  in  heaven  and  earth, 
we  have  reason  to  conclude  that  every  system 
of  the  universe  is  in  some  respect  different 
from  another.  There  is  no  improbability  in 
admitting  that  the  planets  which  revolve 
round  some  of  the  stars  may  be  so  large  as  to 
bear  a  considerable  proportion  (perhaps  one- 
half  or  one-third)  to  the  diameters  of  the  orbs 
around  which  they  revolve  ;  in  which  case,  if 
the  plane  of  their  orbit  lie  nearly  in  the  line 
of  our  vision,  they  would  in  certain  parts  of 
their  revolutions  interpose  between  our  eye 
and  the  stars,  so  as  to  hide  for  a  time  a  por- 
tion of  their  surfaces  from  our  view,  while  ir. 
that  part  of  their  orbits  which  is  next  the  earth 
Such  a  supposition  is  by  no  means  inconsis- 
tent with  the  operation  of  the  law  of  universal 
gravitation  ;  for  although  such  planets  bore  a 
considerable  portion  of  the  size  of  their  cen- 
tral luminaries,  yet  we  have  only  to  suppose 
that  their  destiny  is  very  small.  They  may 
be  globes  whose  central  parts  are  devoid  of 
solid  matter,  consisting  only  of  a  solid  exter- 
nal shell  for  the  support  of  inhabitants,  as  is 
probably  the  case  with  the  planet  Saturn, 
whose  density  is  only  equal  to  that  of  cork. 

A  planet  about  the  size  we  have  now  sup- 
posed revolving  around  a  star  would,  in  a 
great  measure,  account  for  the  phenomena 
presented  by  Algol.  This  star  accomplishes 
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the  period  of  its  variations  in  2  days  and  nearly 
21  hours.  During  3^  or  4  hours  it  gradually 
diminishes  in  lustre:,  and  during  the  succeed- 
ing four  hours  it  gradually  recovers  its  first 
magnitude,  Throughout  the  remaining  part 
of  the  period. — namely,  2  days,  12  hours,  42 
minutes, — it  invariably  preserves  its  greatest 
lustre  ;  so  that  the  time  of  its  being  diminish- 
ed in  lustre  is  only  about  the  ninth  part  of  its 
whole  period  of  variation.  Now  supposing  a 
planet  about  half  the  diameter  of  the  star  re- 
volving around  Algol,  it  would  intercept  a 

Fig.  11. 


large  portion  of  its  surface  when  it  passed  be- 
tween our  eye  and  the  star,  as  at  u,  b,  (fig. 
11,)  where  the  white  circular  ring  represents 
the  suface  of  the  star  partly  covered  by  the 
planet.  Its  lustre  would  begin  to  diminish 
when  the  planet  entered  on  its  edge  at  d,  and 
it  would  again  resume  its  full  brightness  when 
going  off  at  c,  the  dark  side  of  the  planet  be- 
ing of  course  turned  to  our  eye  ;  and  during 
the  remaining  part  of  its  revolution  it  would 
appear  in  its  brightest  lustre.  The  regularity 
of  the  changes  of  this  star  admits  of  the  sup- 
position now  made,  and  evidently  requires  a 
regular  motion  of  some  kind  or  other,  either 
in  the  star  itself  or  in  some  body  connected 
with  it,  in -order  to  produce  the  phenomena. 
Perhaps,  in  the  case  of  some  of  the  variable 
stars,  we  might  suppose  several  large  planets 
in  succession  to  pass  between  our  eye  and  the 
t>tar  to  account  for  the  appearance  they  pre- 
sent— a  supposition  which  perfectly  agrees 
with  the  idea  of  a  system  of  revolving  bodies. 
As  it  is  not  probable  that  the  changes  of  all 
such  stars  arise  from  the  same  cause,  what 
should  hinder  us  from  supposing  that  there 
are  stars  or  .funs  that  revolve  around  planets 
of  a  size  immensely  greater, — the  planets, 
for  example,  bearing  a  similiar  proportion  to 
the  stars  as  the  sun  bears  to  Jupiter  ]  Con- 
sidering the  immense  variety  of  celestial  me- 
chanism throughout  the  universe,  there  can 
be  no  great  improbability  in  such  a  supposi- 
tion. The  case  of  double  stars  demonstrates 
that  one  sun  actually  revolves  round  another ; 
73 


and  why  may  not  a  sun  revolve  around  a 
central  planet,  whose  surface  may  contain 
forty  times  the  area  of  all  the  planets  of  our 
system,  in  order  to  distribute  light  and  heat, 
and  other  beneficial  influences,  to  its  numer- 
ous population  ?  No  violation  of  the  law  of 
universal  gravitation  is  implied  in  such  a  sup 
position  ;  and  the  Almighty  is  not  confined  to 
one  mode  of  arranging  systems  and  worlds, 
Supposing,  then,  such  an  arrangement  to 
exist,  it  might  account  for  the  phenomena  of 
some  of  the  variable  stars,  particularly  those 
which  remain  invisible  for  a  certain  period. 
Such  are  some  of  those  formerly  noticed,  as 
the  star  in  Hydra,  and  that  in  the  breast  of  the 
Swan,  and  particularly  a  star  in  the  Northern 
Crown,  whose  right  ascen.  is  15 '  40',  north 
declin.  28°  49£',and  period  10£  months,  and 
which  decreases  from  the  sixth  to  the  ninth 
and  tenth  magnitude.  It  attained  its  full 
brightness  about  the  llth  of  August,  1795, 
and  continued  so  for  three  weeks  ;  in  3^  weeks 
it  decreased  to  the  tenth  magnitude,  and  a 
few  days  afterwards  disappeared.  After  being 
a  considerable  time  invisible,  in  April,  1796, 
it  again  Appeared ;  on  the  7th  of  May,  it 
reached  ^he  ninth  magnitude,  and  then  gra- 
dually attained  its  full  brightness.  If,  then, 
such  a  star  was  revolving  round  a  very  large 
central  planet,  it  is  easy  to  conceive  that  in 
the  more  distant  part  of  its  course  it  might  be 
hid  from  our  view,  either  in  whole  or  in  part, 
by  the  interposition  of  the  opaque  central 
body,  as  is  obvious  from  an  inspection  of 
figure  12.  And  as  the  star  now  alluded  to 
never  exceeds  in  lustre  a  star  of  the  sixth 
magnitude,  it  is  not  improbable  that  it  is  one 
of  the  inferior  order  of  those  luminous  orbs 
which  may  revolve  round  an  opaque  body  of 
superior  magnitude. 

Fig.  12. 


Such,  then,  are  some  of  the  conceivable 

causes  which  may  produce  the  phenomena  of 

variable  stars,  although  other  causes  may  in 

some  cases  exist  of  which  we  have  no  con- 
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ception.  These  phenomena  evidently  indu 
that  motions  and  revolutions  of  various  ki 
are  going  forward  throughout  the  stellar  re- 
gions ;  that  the  Almighty  is  superintending 
the  movements  of  those  provinces  of  his  em- 
pire, and  that  all  his  agencies  havn  a  respect 
to  the  order  and  the  happiness  of  intelligent 
existence. 

Besides  the  periodical  variations  to  which 
we  have  now  adverted,  there  are  several  other 
striking  changes  which  have  been  observed  in 
the  starry  regions  which  deserve  oar  attention, 
and  which  I  shall  briefly  notice. 

1.  Several  stars  which  were  formerly  dis- 
tinctly visible,  and  are  marked  in  different 
catalogues,  are  now  wholly  lost.     The  fol- 
lowing are  a  few  instances.     M.  Montanere, 
professor  of  mathematics  at   Bononia,  in  a 
letter  to  the  Royal  Society,  of  date   April 
1670,   gives    the     following     statement:  — 
"  There  are  now  wanting  in  the  heavens  two 
stars  of  the  second  magnitude,  in  the  stern  and 
yard  of  the  ship  Argo.    I  and  others  observed 
them  in  the  year  1664,  upon  occasion  of  the 
comet  that  appeared  that  year.     When  they 
disappeared  first  I  know  not ;  only  I  am  sure 
that,  in  the  year  i£68,  upon  the   10th  of 
April,  there  was  not  tne  least  glimpse  of  them 
to  be  seen,  and  yet  the  other  stars  about  them, 
of  the  third  and  fourth  magnitudes,  remained 
the   same.      I   have   observed    many    more 
changes  among  the  fixed  stars,  even  to  the 
number  of  a  hundred,  though  none   of  them 
are  so  great  as  those  I  have  showed."  In  1 670, 
Anthelm  discovered  a  star  of  the  third  magni- 
tude in  the  head  of  the  Swan,  which  after  be- 
coming completely  invisible,  reappeared,  and 
after  undergoing  one  or  two  singular  flunctua- 
tions  of  light  during  two  years,  at  last  died 
away  entirely,  and  has  not  since  been  seen. 
Sir.  William  Herschel  gives  a  list  of  thirteen 
stars,  most  of  which  are  supposed  to  be  lost. 
Of  these  are  the  following: — Nos.  80  and  81 
of  Hercules,  both  of  the  fourth  magnitude  ; 
the  19th  of  Perseus,  of  the  sixth  magnitude  ; 
and  the  108  Pisces,  are  judged  to  be  wholly 
lost  The  stars  73, 74  Cancer,  in  the  southern 
claw  of  the  Crab,  of  the  sixth  magnitude,  are 
either  lost  or  have  suffered  such  great  changes 
that  they  can  no  longer  be  found.     On  this 
subject  Sir  John  Herschel  states — "  The  star 
42  Virginis  is  inserted  in  the  catalogue  of  the 
Astronomical  Society  from  Zach's  Zodiacal 
Catalogue.     I  missed  it  on  the  9th  of  May, 
1828,  and  have  since  repeatedly  had  its  place 
in  the  field  of  view  of  my  twenty  feet  reflector 
without  perceiving  it,  unless  it  be  one  of  two 
equal  stars  of  the  9th  magnitude  very  nearly 
in  the  place  it  must  have  occupied." 

2.  Some  stars  have  changed  their  magni- 
tudes since  the  beginning  of  last  century.    A 
considerable    number    of    stars    marked   by 
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Flamstead,  in  his  Historia  Celcstts,  are  now 
found  to  be  of  different  magnitudes  since  tho 
period  in  which  he  observed  the  heavens  and 
formed  his  catalogue.  For  example  ;  the  1st 
and  2d  of  Hydra  are  now  only  of  the  eighth 
or  ninth  magnitude  instead  of  the  fourth,  as 
they  are  marked  by  Flamstead.  The  31st 
and  34th  of  Draco  have  changed  greatly ; 
the  31st  has  increased  from  the  seventh  to 
the  fourth,  and  the  34th  has  diminished  from 
the  fourth  to  the  sixth  or  seventh  magnitude. 
The  38th  Perseus,  instead  of  the  sixth,  has 
now  increased  to  the  fourth  magnitude.  About 
thirty  stars  of  this  description  are  reckoned  by 
Sir  W.  Herschel  to  have  changed  their  mag- 
nitudes. 

3.  There  arc  stars  unknown  to  the  ob- 
servers of  former  times  which  have  recently 
become  visible.  The  following,  among  others 
of  this  description,  have  been  marked  by  Sir 
W.  Herschel: — 1.  A  star  in  the  end  of  the 
Lizard's  tail,  of  the  fourth  or  fifth  magnitude, 
which  is  not  recorded  by  Flamstead,  although 
he  notices  one  in  that  constellation  less  con- 
spicuous. 2.  A  star  near  the  head  of  Ce- 
phcus.  3.  A  considerable  star  in  a  direction 
from  the  68th  to  the  61s*.  of  Gemini.  4.  A  star 
of  considerable  brightness  preceding  the  1st 
of  the  Little  Horse.  5.  A  remarkable  star 
between  j3  and  8  Hydrase.  6.  A  star  near  8 
Hercules,  of  the  fourth  or  fifth  magnitude, 
with  several  others.  Similar  observations  ap- 
pear to  have  been  made  about  the  end  of  the 
seventeenth  and  the  beginning  of  the  eigh- 
teenth centuries,  by  Cassini  and  others.  Cas- 
sini  discovered  a  new  star  of  the  fourth,  and 
two  of  the  fifth  magnitude  in  Cassiopeia ;  two 
in  the  constellation  Eridanus,  one  of  the  fourth, 
the  other  of  the  fifth  magnitude ;  and  four  of 
the  fifth  and  sixth  magnitude  near  the  north 
pole,  which  had  not  been  perceived  at  a  for- 
mer period. 

Such  changes  in  bodies  so  far  removed  from 
our  system,  and  of  magnitudes  so  enormous 
as  the  least  of  them  must  be,  naturally  lead 
to  the  conclusion  that  revolutions  of  vast 
extent,  and  operations  conducted  on  a  most 
magnificent  scale,  are  incessantly  going  for- 
ward in  those  remote  and  unexplorable  re- 
gions. In  the  case  of  stars  which  have  totally 
disappeared,  we  are  led  to  conclude,  either 
that  some  vast  and  important  change  has 
taken  place  in  the  constitution  of  certain 
worlds  or  systems,  or  that  the  central  lumina- 
ries of  such  systems,  with  all  their  surround- 
ing planets,  have  been  transported  by  some, 
unknown  and  almighty  agency  into  more  dis- 
tant regions  of  space,  where  they  may  remain 
for  ever  hid  from  our  view.  As  to  those  stars 
which  have  changed  their  magnitudes  within 
the  last  century,  they  may  either  be  approach- 
ing to  or  receding  from  the  system  to  which 
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we  belong,  or  their  native  brightness  may  be 
either  increasing  or  diminishing  from  causes 
with  which  we  are  unacquainted ;  or  some 
ethereal  mediums  of  a  peculiar  nature  may 
be  interposed  between  our  sight  and  those 
distant  orbs.  With  respect  to  stars  unknown 
to  former  observers  which  have  recently  be- 
come visible,  it  is  not  unreasonable  to  suppose 
that  these  are  new  systems  recently  launched 
from  the  creating  hand  of  the  Omnipotent,  to 
diversify  his  creation  and  augment  the  glories 
of  his  empire,  as  well  as  to  distribute  happi- 
ness among  new  orders  of  sensitive  and  intel- 
ligent existence.  We  ought  not  to  imagine 
that  the  work  of  creation,  considered  as  a 
whole,  is  yet  finished,  or  ever  will  be  finished 
during  an  indefinite  lapse  of  ages.  When  it 
is  stated  by  the  inspired  writer  of  the  book  of 
Genesis  that "  God  rested  from  all  his  work," 
we  are  to  understand  the  expression  only  in 
reference  to  the  formation  or  arrangement  of 
the  world  in  which  we  reside  into  the  form 
and  order  in  which  we  now  behold  it ;  for  to 
this  arrangement  chiefly,  if  not  solely,  the  de- 
scriptions of  the  sacred  historian  in  the  first 
chapter  of  Genesis  refer.  It  is  in  perfect  ac- 
cordance with  the  idea  of  a  Being  possessed 
of  omnipotent  power,  boundless  goodness,  and 
endless  duration,  that  his  creating  energies 
should  never  cease  in  their  operation  through- 
out all  the  periods  of  an  interminable  exist- 
ence ;  and  the  phenomena  to  which  we  refer 
are  a  strong  presumption,  if  not  a  demonstra- 
tive evidence,  of  a  continued  series  of  crea- 
tions. These  new  creations  may  be  bursting 
forth  in  the  remote  spaces  of  the  universe,  ii 
various  degrees  of  splendour  and  magnif 
cence,  to  an  extent  of  which  we  have  no  cc  ,- 
ception ;  and  from  the  character  and  per*  -c- 
tions  of  the  Divinity,  we  have  reasor  to 
believe  that  such  processes  will  be  inces?  atly 
going  forward  throughout  all  the  ag  *  of 
eternity. 

Whatever  opinions  we  may  be  disp  ^ed  to 
form  as  to  the  phenomena  to  which  ^  e  have 
adverted,  they  tend  to  convey  to  thf  reflect- 
ing mind  magnificent  views  of  the  >hysical 
energies  of  the  Almighty,  in  arra;  3ing  the 
different  departments  of  his  boun*'  .ess  domi- 
nions, and  accomplishing  the  purposes  an<l 
plans  of  his  moral  government ,  and  they 
naturally  excite  in  the  mind  a  df.-ure  of  future 
existence,  and  an  ardent  wish  V.  behold  the 
veil  which  now  intercepts  our  vv.ws  of  these 
glorious  orbs  withdrawn,  and  'c  contemplate 
the  scene  of  divine  operation  ii.  all  its  splen- 
dour and  magnificence. 

At  first  view,  it  may  appear  a  circumstance 
of  comparative  insignificance  to  behold  a 
Email  star,  scarcely  distinguishable  to  the  eye, 
waxing  brighter,  or  growang  dimmer,  or  va- 


nishing altogether  from  the  v^ew ;  or  a  star 
appearing  in  a  point  of  the  heavens  which 
was  unoccupied  before.  The  distant  blaze 
of  a  field  of  furze,  the  falling  of  a  tower,  or 
the  conflagration  of  a  cottage,  may  to  some 
appear  events  of  far  greater  interest  and  im- 
portance ;  but  such  events  in  the  heavens  as 
those  to  which  we  refer  may  be  connected 
with  scenes  as  astonishing — though  perhaps 
not  so  tremendous — as  if  the  sun  were  shorn 
of  his  rays  and  turned  into  darkness,  and  this 
earth  and  all  the  planetary  globes  shattered 
to  their  centres  and  wrapped  in  flames ;  or, 
as  if  a  new  sun  of  superior  magnitude  were 
to  appear  in  our  system,  and  to  illuminate 
our  globes  with  a  new  species  of  light  and 
colours.  Objects  at  a  great  distance  from 
the  observer  make  little  impression  on  the 
organs  of  vision,  and  seldom  affect  the  mind. 
A  ll<iet  of  the  largest  ships  of  war  viewed 
from  the  top  of  a  tower  at  fifty  miles  distance 
appears  only  like  a  few  almost  undistinguish- 
abl'i  specks  on  the  verge  of  the  horizon,  while 
thf  fate  of  individuals,  families,  communities, 
and  even  empires,  may  depend  upon  the  en- 
<v  'unter  in  which  they  may  be  engaged.  The 
f</nflagration  of  a  city  of  ten  hundred  thou- 
sands of  inhabitants  may  appear  at  a  distance 
as  only  a  faint  glimpse  of  light  in  one  point 
of  the  horizon,  while  palaces,  and  temples, 
and  thousands  of  splendid  fabrics  are  turned 
into  smoking  ruins,  and  multitudes  are  thrown 
into  the  utmost  consternation,  and  perishing 
in  the  flames.  The  burning  of  the  city  of 
Moscow,  as  beheld  from  the  moon  when  the 
dark  side  of  the  earth  was  presented  to  that 
orb,  would  appear  only  like  a  dim  lucid  speck, 
scarcely  distinguishable  from  the  other  parts 
of  the  earth's  surface.  And  if  this  be  the  case 
in  respect  to  objects  within  such  limited  dis- 
tances, what  astonishing  scenes  may  be  the 
result  of  what  we  perceive  in  bodies  many 
thousands  of  millions  of  miles  distant,  when 
we  behold  them  disappearing  to  our  view,  or 
even  when  we  perceive  their  light  only  in- 
creasing or  diminishing  ?  Here  imagination 
is  left  to  fill  up  the  picture  which  the  organs 
of  vision  so  dimly  perceive.  We  are  to  con- 
sider that  the  orbs  to  which  we  allude  are 
luminous  globes  of  immense  size, — that  they 
are  doubtless  encircled  with  a  retinue  of  worlds 
replenished  with  inhabitants, — that  what  to 
us  appears  a  slight  change  of  aspect  may  to 
them  be  the  commencement  of  an  era  of  new 
glory  and  splendour,' — that  the  Almighty 
rules  over  those  distant  regions  as  well  as 
"  among  the  inhabitants  of  the  earth," — and 
that  all  the  changes  which  happen  among 
them  are  in  unison  with  his  eternal  designs, 
and  subserve  the  ends  of  his  universal  go- 
vernment 
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CHAPTER  VIII. 

On  Double  Stars  and  Binary  Systems. 


ITU  whatever  part  of  creation  we  survey  the 
operations  of  the  Almighty,  we  uniformly 
find  the  characteristic  of  variety  impressed 
upon  all  his  works.  This  is  evident  in  all 
the  kingdoms  of  nature  connected  with  our 
globe,  where  the  multitude  and  diversity  of 
animals,  vegetables,  and  minerals,  cannot  but 
strike  the  eye  even  of  the  most  superficial  ob- 
server. Though  the  same  general  laws  ap- 
pear to  pervade  the  material  universe,  so  far 
as  our  observation  extends,  yet  these  laws  are 
so  comprehensive  and  so  endlessly  modified 
as  to  produce  an  immense  variety  of  minute 
and  wonderful  effects.  It  is  more  difficult  to 
trace  the  operation  of  these  laws  in  the  re- 
mote spaces  of  the  universe  than  in  our  ter- 
restrial sphere.  But  even  in  regions  of  crea- 
tion immeasurably  distant  we  can  perceive 
the  agency  of  the  same  powers  which  are  at 
work  in  conducting  the  movements  of  our 
planetary  system ;  and  not  only  so,  but  we 
can  trace  these  powers,  while  operating  with 
their  native  energy,  wonderfully  modified,  and 
producing  effects  altogether  different  from 
those  which  we  experience  in  the  system  of 
which  we  form  a  part,  evidently  indicating 
that  a  variety,  analogous  to  that  which  we 
behold  in  the  scene  around  us,  marks  Ihe 
operations  of  the  Creator  throughout  the 
immensity  of  his  works.  This  will  more  clearly 
appear  in  the  descriptions  we  shall  now 
give  of  the  phenomena  of  double  and  multiple 
stars. 

The  phenomena  of  double  stars  do  not 
seem  to  have  been  much  attended  to  till  Sir 
W.  Herschel  commenced  his  extensive  obser- 
vations on  the  sidereal  heavens.  About  a 
century  ago,  the  astronomers  of  that  period 
seem  to  have  been  aware  that  "  several  stars 
which  appear  single  to  the  bare  eye  are  by  the 
telescope  discovered  to  be  double."  The 
principal  stars  of  this  description  which  they 
mention  are, — the  head  of  Castor,  the  first  in 
the  head  of  the  Ram,  the  star  Gamma  in  the 
breast  of  Virgo,  and  the  middle  one  in  the 
sword  of  Orion.  Conceiving  the  fixed  stars 
as  bodies  precisely  of  the  same  nature,  and 
that  no  specific  or  diversified  arrangements 
prevailed  among  them,  they  do  not  appear  to 
have  entered  upon  any  minute  surveys,  by 
the  telescope,  of  particular  stars;  and  their 
idea  respecting  the  double  stars  they  had  de- 
tected was  merely  this, — that  a  small  star,  at 
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a  very  remote  distance  from  another,  might 
happen  accidentally  to  lie  nearly  in  the  same 
line  of  vision  as  the  larger  one ;  and,  on  this 
ground,  Dr.  Long,  in  his  u  Astronomy,"  shows 
how  the  annual  parallax  wOuld  be  discovered 
by  a  star  appearing  single  at  one  time  of  the 
year,  and  double  at  another.  It  appears  to 
have  been  chiefly  with  an  object  of  this  kind 
in  view  that  Sir  William  Herschel  commenced 
his  numerous  observations  in  this  department 
of  sidereal  investigation.  But,  as  we  are  in- 
formed by  his  son,  who  has  distinguished 
himself  in  an  eminent  manner  by  similar  ob- 
servations, he  had  hardly  entered  on  the  mea- 
surements of  the  angles  of  position,  and  the 
distances  of  double  stars,  before  he  was  divert- 
ed from  the  original  object  of  his  inquiry  by 
phenomena  of  a  very  unexpected  character, 
which  at  once  engrossed  his  whole  attention. 
The  circumstances  alluded  to  shall  be  parti- 
cularly described  in  the  sequel,  after  I  have 
given  a  brief  sketch  of  the  phenomena  of 
double  stars. 

When  a  telescope  of  considerable  power 
is  directed  to  certain  stars  which  appear  sin- 
gle to  the  naked  eye,  another  star,  generally 
much  smaller  than  that  which  appears  to  the 
unassisted  eye,  is  seen  quite  adjacent  to  it, 
and  in  some  cases  the  interval  between  the 
two  stars  is  so  small  that  it  requires  a  very 
high  degree  of  light  and  magnifying  power  to 
be  able  to  perceive  that  they  are  two  distinct 
bodies.  Only  a  few,  perhaps  not  exceeding 
six  or  eight,  of  these  stars  were  known  to  the 
astronomers  of  the  age  preceding  that  of  Her- 
schel ;  but  this  illustrious  astronomer,  with 
unwearied  perseverance,  detected  no  less  than 
500  double  stars,  and  presented  to  the  Royal 
Society  a  list  in  which  their  situation  and  re- 
lative positions  are  distinctly  marked.  These 
observations  of  the  elder  Herschel  were  fol- 
lowed up  by  other  observers,  particularly  by 
Sir  J.  Herschel  and  Sir  James  South,  who, 
in  the  year  1824,  soon  after  Sir  W.  Herschel 
had  ceased  from  his  labours,  produced  a  cata- 
logue of  380  double  stars,  whose  distances 
and  angles  of  position  they  had  determined 
with  the  utmost  accuracy  and  precision.  Sir 
J.  South  afterwards  produced  a  distinct  cata- 
logue of  480,  and  Sir  J.  Herschel  a  list  of  up- 
wards of  3300  of  double  and  triple  stars,  from 
his  own  solitary  observations,  accompanied 
with  all  the  micrometrical  measurements. 
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Struve,  the  celebrated  astronomer  of  Dorpat, 
has  arranged  a  catalogue  of  no  less  than  3000 
double  stars ;  and  before  he  determined  the 
characteristics  of  each  of  these,  he  examined 
about  120,000  stars — a  laborious  process, 
which  none  but  an  astronomical  observer  can 
duly  appreciate.  Mr.  Dunlop  has  formed  a 
catalogue  of  250  double  stars  in  the  southern 
hemisphere ;  and  Sir  J.  Herschel,  during  his 
late  residence  at  the  Cape  of  Good  Hope,  has 
added  considerably  to  their  number ;  so  that 
we  may  now  reckon  about  6000  of  these  in- 
teresting objects  as  having  already  been  dis- 
covered, even  making  allowance  that  many 
of  these  objects  are  common  to  the  lists  of 
the  observers  now  specified. 

It  is  not  at  all  improbable  that  the  pheno- 
mena of  some  of  the  double  stars  now  alluded 
to  may  arise  from  accidental  proximity,  the 
one  star,  though  far  remote  and  unconnected 
with  the  other,  lying  nearly  in  the  same  visual 
line.  Thus,  the  star  a,  fig.  13,  might  appear 
nearly  in  contact  with  the  star  b,  placed  at  an 
immense  distance  beyond  it,  when  viewed 
nearly  in  the  same  straight  line  by  the  eye  at 
c,  so  as  to  produce  the  phenomena  of  a 
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double  star  at  d  b.  But,  reasoning  a  priori, 
it  appears  in  the  highest  degree  improbable 
that  such  coincidences  should  happen  in  the 
case  of  all,  or  even  of  the  greater  part  of  the 
double  stars  which  have  now  been  discovered ; 
and  therefore  Mr.  Michell,  so  early  as  the 
year  1783,  in  a  paper  inserted  in  the  "  Philo- 
sophical Transactions"  for  that  year,  states  it 
as  his  opinion  that  they  are  binary  systems 
intimately  connected.  "  The  very  great  num- 
ber of  stars,"  says  he,  "  that  have  been  disco- 
vered to  be  double,  treble,  &c.,  particularly  by 
Mr.  Herschel,  if  we  apply  the  doctrine  of 
chances,  as  I  have  done  in  my  '  Inquiry  into 
the  probable  Parallax  of  the  Fixed  Stars,' 
published  in  the  Philosophical  Transactions 
for  1767,  cannot  leave  a  doubt  with  any  one 
properly  acquainted  with  the  force  of  those 
arguments,  that  by  far  the  greatest  part,  if  not 
all  of  them,  are  systems  of  stars  so  near  each 
other  as  probably  to  be  liable  to  be  affected 
sensibly  by  their  mutual  gravitation;  and  it 
is  therefore  not  unlikely  that  the  periods  of 
the  revolutions  of  some  of  these  about  their 
principals  may  some  time  or  other  be  disco- 
vered." 

The  prediction  here  announced  by  this  in- 


genious gentleman  has  now  been  fully  real- 
ized by  Sir  William  Herschel  and  other 
astronomers,  and  is  no  longer  a  subject  of 
conjecture,  but  an  ascertained  fact.  This  is 
the  discovery  to  which  I  have  alluded  above, 
one  of  the  most  important  and  interesting 
discoveries  which  astronomy  has  unfolded 
during  the  present  age,  and  which  opens  to 
our  view  a  new  prospect  of  the  plans  and  ar- 
rangements of  Infinite  Wisdom. 

Having  made  these  preliminary  remarks,  I 
shall  now  proceed  to  a  more  particular  detail 
of  the  facts  which  have  been  ascertained  re- 
specting binary  systems. 

When  Sir  W.  Herschel  first  directed  his 
attention  to  this  subject,  in  order  if  possible 
to  determine  the  annual  parallax,  he  was  not 
a  little  surprised  that,  instead  of  finding,  as 
he  expected,  a  regular  annual  change  of  the 
two  stars,  by  one  alternately  shifting  its  posi- 
tion with  respect  to  the  other,  which  a  paral- 
lax would  have  produced,  he  observed  in  many 
instances  "  a  regular  progressive  change,  in 
some  cases  bearing  chiefly  on  their  distance, 
in  others  on  their  position,  and  advancing 
steadily  in  one  direction,  so  as  clearly  to  in- 
dicate either  a  real  motion  of  the  stars  them- 
selves, or  a  general  rectilinear  motion  of  the 
sun  and  whole  solar  system,  producing  a  pa- 
rallax of  a  higher  order  than  would  arise  from 
the  earth's  orbital  motion."  In  an  elaborate 
paper  on  this  subject,  read  before  the  Royal 
Society,  June  9,  1803,  he  considers  specific- 
ally all  the  motions  and  combinations  of  mo- 
tion that  can  possibly  be  supposed,  in  order 
to  account  for  the  phenomena,  particularly  of 
the  double  star  Castor,  and  satisfactorily  de- 
monstrates that  nothing  but  the  idea  of  the 
smaller  star  revolving  around  the  larger  in  a 
circular  or  elliptical  orbit  will  solve  the  phe- 
nomena in  question ;  and  this  conclusion  has 
been  amply  confirmed  by  all  succeeding  ob- 
servations. Such  stars  therefore  must  be  con- 
sidered as  physically  connected  by  the  law 
of  mutual  gravitation,  so  that  they  describe 
orbits  around  each  other  and  around  their 
common  centre  of  gravity,  and  bear  a  relation 
to  each  other  similar  to  that  which  the  planets 
bear  to  our  sun. 

From  the  paper  of  Sir  W.  Herschel  now 
referred  to,  I  shall  select,  as  a  specimen  of  the 
motions  of  double  stars,  some  of  his  observa- 
tions of  Castor,  or  a.  Geminorum.  It  ap- 
pears that  Dr.  Bradley  in  the  year  1759  had 
observed  the  position  of  the  two  stars  which 
form  this  double  star,  and  communicated  it  to 
Dr.  Maskelyne,  who  made  a  memorandum  of 
it,  of  which  the  following  is  a  copy : — "  Double 
star  Castor.  No  change  of  position  of  the 
two  stars ;  the  line  joining  them  at  all  times 
of  the  year,  parallel  to  the  line  joining  Castor 
and  Pollux  in  the  heavens,  seen  by  the  naked 
3c2  (581) 
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eye."  The  object  of  Dr.  Bradley  in  observ- 
ing the  exact  position  of  these  stars  was,  to 
determine  if  any  change  happened  in  their 
position  at  opposite  periods  of  the  year,  so  as 
to  indicate  an  annual  parallax.  The  angles 
of  position  observed  by  Sir  W.  Herschel  are 
as  follow: 


Times  of 
the  observations. 
November  I,  1759  . 
November  5,  1779 
February  23,  1791  . 
December  15,  1795 
March  26,  1800  .     . 
December  31,  1801 
February  28,  1802  . 
March  27,  1803    . 


Angles  of 
Position 
56°  32' 

.  35  29 
23  36 

.  18  32 
14  3 

.  12  12 
12  1 

.  10  53 


From  these  observations  it  appears  that 
from  the  year  1759,  when  Dr.  Bradley  ob- 
served the  positions  of  the  two  stars,  to  the 
year  1803,  there  has  been  a  portion  of  an  orbit 
described  by  the  smaller  star  around  the 
greater  equal  to  forty-five  degrees  and  thirty- 
nine  minutes ;  and  from  the  time  that  Her- 
schel commenced  his  observations  in  1779  till 
1803,  an  arch  of  twenty^four  degrees  and 
thirty-six  minutes  had  been  passed  over. 
Hence  Sir  W.  Herschel  concludes — "The 
time  of  a  periodical  revolution  may  now  be 
calculated  from  the  arch  45°  39',  which  has 
been  described  in  43  years  and  142  days.  The 
regularity  of  the  motion  gives  us  great  reason 
to  conclude  that  the  orbit  in  which  the  small 
star  moves  about  Castor,  or  rather  the  orbits 
in  which  they  both  move  round  their  common 
centre  of  gravity,  are  nearly  circular  and  at 
right  angles  to  the  line  in  which  we  see  them. 
If  this  should  be  nearly  true,  it  follows  that 
the  time  of  a  whole  apparent  revolution  of 
the  small  star  round  Castor  will  be  about 
342  years  and  two  months."  This  subject 
may  be  illustrated  to  the  general  reader  by 
the  following  diagram : 

Fig.  14. 


Let  the  small  central  circle  C  represent  the 
larger  star  Castor,  and  D  the  smaller  star,  and 
let  the  line  E  F  represent  the  direction  of  the 
two  stars  in  a  line  with  the  star  Pollux,  at  E, 
as  observed  by  Dr.  Bradley  in  1759.  In 
November,  1779,  they  were  found  in  the 
position  C  H,  twenty-one  degrees  from  the 
position  they  occupied  twenty  years  before ; 
in  February,  1791,  they  were  thirty-three  de- 
grees from  the  same  position,  &c. ;  and  in 
March,  1803,  forty-six  and  a  half  degrees; 
giving  evident  indication  of  a  regular  progres- 
sive motion  in  a  circle.  Since  1803  its  mo- 
tion has  been  regularly  traced  by  Struve,  Sir 
J.  Herschel,  and  Sir.  J.  South  ;  and  in  1816 
it  was  found  about  57°  degrees  from  its  first 
position,  and  in  1830  about  68°,  still  regu- 
larly progressing.  In  1819,  the  distance  of 
the  small  star  from  Castor  was  five  seconds 
and  a  half,  and  in  1830  it  was  little  more 
than  four  seconds  and  a  half.  Although  Sir 
W.  Herschel,  as  above  stated,  conjectured  the 
period  of  revolution  to  be  about  342  years, 
yet  later  astronomers,  from  a  comparison  of 
all  the  observations  recently  made,  are  dis- 
posed to  conclude  that  its  period  is  little  mora 
than  250  years. 

More  than  fifty  instances  of  changes  in  the 
angles  of  position  of  double  stars  were  ob 
served  by  Sir  W.  Herschel,  besides  those 
which  have  been  more  recently  observed  by 
his  son  and  other  astronomers,  most  of  which 
indicate  motions  which  are  regularly  progres- 
sive ;  but  a  considerable  number  of  years  must 
elapse  before  their  periods  can  be  determined 
Avith  any  degree  of  accuracy.  The  following 
double  stars  are  considered  as  demonstrative 
instances  of  circular  progressive  motion  : — > 
y  Virginis,  |  Ursse  Majoris,  70  Ophiuchi,  a  and 
97  Coronae,  £  Bootis,  q  Cassiopeice,  y  Leonis, 
£  Herculis,  §  Cygni,  &  Bootis,  E  4  and  (  5  Lyrae 
X  Ophiuchi,  p  Draconis,  j  Bootis,  and  £ 
Aquarii.  The  periodic  times  of  some  of  these 
have  been  determined  to  a  near  approxima- 
tion. One  of  the  stars  of  Gamma  Virginis 
is  reckoned  to  revolve  about  the  other  in  the 
space  of  629  years;  the  small  star  of  Gamma 
Leonis,  in  1200  years;  the  star  connected 
with  Epsilon.  Bootis,  in  1600  years  ;  that  of  61 
Cygni,  in  452  years  ;  that  of  Sigma  Coronse, 
in  287  years ;  that  of  70  Ophiuchi,  as  ascer- 
tained by  Professor  Ericke,  in  80  years  ;  that 
of  Xi  Ursse,  in  58  years  ;  that  of  Zeta  Cancri, 
in  55  years ;  and  that  of  Eta  Corona;,  in  43 
years. 

A  whole  revolution  of  some  of  these  stars 
has  been  nearly  completed  since  observations 
began  to  be  made  on  such  objects.  The  mo- 
tion of  the  small  star  of  Xi  Ursse  began  to  be 
traced  about  the  year  1781  ;  in  1819,  it  had 
moved  219°  from  its  position  in  1781  ;  in 
1830,  it  was  303  from  that  position,  progress- 
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ing  in  a  circle  ;  and  about  this  time,  or  the 
beginning  of  1840,  it  has  probably  finished 
jts  orbital  revolution.  The  star  Eta  Coronae, 
whose  period  is  forty-three  years,  has  not  only 
accomplished  a  complete  re  volution,  but  is  ac- 
tually cousiderably  advanced  in  its  second 
period.  Sir  J.  Herschel,  during  his  late  so- 
journ at  the  Cape  of  Good  Hope,  is  said  to 
have  discovered  in  the  southern  skies,  binary 
stars,  whose  periods  of  revolution  are  even 
shorter  than  those  now  stated,  their  change 
of  position  having  been  quite  perceptible  dur- 
ing the  three  or  four  years  of  his  residence  in 
that  quarter.  Sir  W.  Herschel,  in  the  paper 
to  which  I  have  already  referred,  states  obser- 
vations which  furnish  us  with  a  phenomenon 
which  is  new  in  astronomy — namely,  the  oc- 
cultation  of  one  star  by  another.  With  a 
power  of  460,  in  July,  1782,  the  stars  of  Zeta 
Herculis  were  then  half  the  diameter  of  the 
small  star  asunder ;  in  1795,  he  found  it  diffi- 
cult to  perceive  the  small  star  with  the  same 
power  ;  in  1802,  the  small  star  could  no 
longer  be  perceived,  but  the  apparent  disc  of 
the  large  star  seemed  to  be  a  little  lengthened 
one  way.  With  his  ten  feet  telescope,  and  a 
power  of  600,  he  found  it  to  have  the  appear- 
*  ance  of  a  wedge-formed  star.  On  the  llth 
of  April,  1803,  he  examined  the  apparent 
disc  with  a  power  of  2140,  and  found  it,  as 
before,  a  little  distorted,  but  there  could  not 
be  more  than  about  three-fourths  of  the  ap- 
parent diameter  of  the  small  star  wanting  to 
a  complete  occultation.  "  Most  probably," 
he  observes,  "  the  path  of  the  motion  is  not 
quite  central ;  if  so,  the  disc  will  remain  a 
little  distorted  during  the  whole  time  of  the 
conjunction."  This  phenomenon  evidently 
demonstrates  the  fact  of  circular  orbital  mo- 
tion, performed  in  a  plane  nearly  parallel  to 
our  line  of  vision. 

The  star  Gamma  Virginis  has  presented 
phenomena  nearly  similar  to  that  of  Zeta 
Herculis.  This  star  is  remarkable  both  for 
the  length  of  its  period,  the  rapid  increase  of 
the  angular  motion  of  the  two  stars  of  which 
it  is  composed,  and  particularly  the  great 
diminution  of  their  apparent  distance.  It 
has  been  known  as  a  double  star  for  at  least 
120  years.  The  two  stars  of  which  it  is  com- 
posed, and  which  are  nearly  equal,  were  so 
far  apart  about  the  middle  of  the  last  century 
that  they  were  marked  in  Mayer's  catalogue 
as  two  distinct  stars,  so  that  any  moderately 
good  telescope  would  have  shown  their  sepa- 
ration, being  at  that  period  about  seven  se- 
conds distant  from  each  other.  Since  that  time 
they  have  been  constantly  approaching,  and  in 
1833  were  scarcely  more  than  a  single  second 
asunder ;  so  that  a  common  telescope  was 
insufficient  to  show  their  separation,  and  even 
telescopes  of  very  superior  power  could  show 


them  no  otherwise  than  as  a  single  star  some- 
what elongated.  According  to  Sir  J.  Her- 
schel's  computations,  the  small  star  must  have 
arrived  at  its  perihelion  on  the  18th  of  August, 
1834.  He  also  determined  the  inclination 
of  the  orbit  to  the  visual  ray  to  be  22°  58', 
and  the  angle  of  position  of  the  perihelion 
projected  on  the  heavens,  36°  24'.  The  small 
star  of  Eta  Coronse  reached  its  perihelion  in 
1835  ;  and  it  is  calculated  that  the  Devolving 
star  of  Castor  will  reach  the  same  point  dur- 
ing the  year  1855. 

From  the  observations  that  have  been  made 
on  binary  stars,  it  now  appears  demonstrable 
that  the  law  of  gravitation  extends  its  in- 
fluence to  the  starry  regions ;  that  the  same 
laws  of  motion  which  direct  the  planets  in 
their  courses,  and  connect  them  with  the  sun 
as  their  centre,  likewise  operate  in  these  bi- 
nary systems  in  carrying  one  star  around  the 
centre  of  gravity  of  another.  It  has  often 
been  surmised  that  gravitation  is  a  power 
which  is  universal  in  its  influence  ;  and  here 
we  have  a  proof  that  it  extends  not  only  be- 
yond the  range  of  the  planetary  system  and 
the  orbits  of  the  most  eccentric  comets,  not 
only  to  stars  reckoned  the  nearest  to  our 
globe,  but  to  those  of  the  third,  fourth,  and 
even  tenth  magnitudes,  which  may  be  sup- 
posed many  hundreds  of  billions  of  miles  fur- 
ther distant ;  thus  rendering  it  highly  proba- 
ble that  it  is  a  fundamental  law  of  matter,  and 
extends  its  energies  throughout  the  amplitudes 
of  creation,  combining  in  one  vast  system  all 
the  operations  of  the  Eternal. 

The  orbits  in  which  the  one  star  moves 
around  the  other  are  found  to  be  elliptical, 
which  is  the  same  kind  of  curve  in  which  the 
earth  and  the  other  planets  move  round  the 
sun,  in  which  the  satellites  of  Jupiter,  Saturn, 
and  Uranus  perform  their  revolutions  round 
their  respective  primaries — another  proof  that 
the  same  general  law  operates  in  both  cases. 
Some  of  these  orbital  motions  are  retrograde 
and  others  are  direct,  or  in  the  same  direction 
as  the  motions  of  the  planets  of  our  system. 
In  some  cases  it  happens  that  the  edge  of  the 
orbit  of  the  revolving  star  is  presented  to  the 
earth,  or  in  a  line  nearly  parallel  to  that  of 
our  vision,  as  is  found  in  the  star  rf  Serpen- 
tarii ;  in  which  case  the  star  appears  to  move 
in  a  straight  line,  and  to  oscillate  on  each 
side  of  the  larger  star  around  which  it  revolves, 
in  a  manner  similiar  to  that  of  the  satellites 
of  Jupiter,  which  appear  to  pass  from  the 
one  side  to  the  other  ./  tne  planet  in  nearly 
straight  lines,  because  tnc  plane  of  their  orbits 
is  nearly  in  a  line  with  our  eye.  At  the  time 
when  Sir  W.  Herschel  first  observed  this  bi 
nary  system,  the  two  stars  were  distinctly 
separate,  but  at  present  the  small  star  is  so 
completely  projected  on  the  other  that  even 
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Struve,  with  his  powerful  telescope,  cannot 
now  perceive  the  least  separation  between  the 
two  bodies — a  fact  which  evidently  demon- 
strates that  to  our  eye  the  one  passing  across 
the  disc  of  the  other,  and  that  a  number  of 
years  hence  it  will  appear  on  the  other  side 
of  the  larger  star.  On  the  other  hand,  the 
two  stars  of  Zeta  Orionis  are  now  separated 
by  a  small  interval,  although  they  appeared  as 
one  star  in  the  time  of  Sir  W.  Herschel ;  all 
which  phenomena  demonstrate  a  motion  in 
a  circular  or  elliptical  orbit,  the  plane  of  which 
lies  oblique  to  our  eye  ;  and  it  has  been  calcu- 
lated, from  the  apparent  motions  of  these 
bodies,  that  the  ellipses  in  which  they  move 
are  in  general  more  elongated  than  the  orbits 
of  the  solar  planets.  On  the  whole,  to  use  the 
words  of  Sir  John  Herschel,  "  we  have  the 
same  evidence  of  their  rotations  about  each 
other  that  we  have  of  those  of  Uranus  and 
Saturn  about  the  sun  ;  and  the  correspondence 
between  their  calculated  and  observed  places 
in  such  very  elongated  ellipses  must  be  ad- 
mitted to  carry  with  it  proof  of  the  prevalence 
of  the  Newtonian  law  of  gravity  in  their  sys- 
tems, of  the  very  same  nature  and  cogency  as 
that  of  the  calculated  and  observed  places  of 
comets  round  the  central  body  of  our  own." 

Having  stated  the  above  general  facts  re- 
specting binary  stars,  I  shall  now  present 
to  the  reader  a  few  telescopic  views  of  these 
objects. 

Fig.  1 5  represents  a  telescopic  view  of  Ep- 
silon  Bootis,  with  a  magnifying  power  of 
about  200  times.  This  is  reckoned  a  very 
beautiful  double  star  on  account  of  the  diffe- 
rent colours  of  the  stars  of  which  it  is  com- 
posed>  and  has  an  appearance  somewhat  simi- 
lar to  a  planet  and  its  satellite,  both  shining 
with  innate  but  differently  coloured  light. 
The  small  star  is  of  a  bluish  colour,  and  is 
separated  from  the  other  by  a  space  equal  to 
the  diameter  of  the  larger  star,  and  its  appa- 
rent size  is  one-third  of  the  other.  It  is  some- 
times called  Mirac,  and  it  is  situated  about 
ten  degrees  north-east  of  Arcturus.  The 
large  star  has  a  reddish  tinge. 

Fig<  16  is  a  Hcrcu- 

15       llS  lis :  the  small   star   is 

of  a  bluish  colour,  sep- 
arate  from    the    other 
two  diameters  of   the 
large    star ;    the    blue 
star   is    one-third   the 
size  of  the  other.     It  is 
situated  in  the  head  of 
Hercules,  about  thirty 
Efeyaa   _  degrees  south-west  from 
BisMMffiiilW    I  the  bright  star  a  Lyrae, 
and  six  degrees  north- 
west from  Ras  Alhague,  a  star  of  nearly  the 
same  magnitude.     It  comes  to  the  meridian 
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about  the  middle  of  July,  at  nine  o'clock  if. 
the  evening,  at  an  elevation  of  about  fifty-two 
degrees.  This  star  is  also  distinguished  by 
the  name  Rax  Algethi,  and  may  be  seen 
marked  in  Plate  II.,  which  contains  a  map 
of  stars  which  are  seen  near  the  meridian 
about  the  beginning  of  September. 

Fig.  17  is  a  view  of  y  Andromcdae:  the 
small  star  is  of  a  fine  greenish-blue  colour, 
separate  from  the  large  star  about  nine  seconds, 
or  four  diameters  of  that  star ;  the  larger  star 
is  of  a  reddish  white.  It  is  situated  in  the 
left  foot  of  Andromeda,  and  is  distinguished 
by  the  name  Almaack.  It  is  a  star  of  the 
second  magnitude,  about  forty-two  degrees  of 
north  declination,  and  passes  the  meridian,  in 
the  beginning  of  December,  about  half-past 
ten  in  the  evening,  about  ten  degrees  south 
from  the  zenith.  It  is  about  twelve  degrees 
nearly  due  west  from  the  variable  star  Algol. 

Fi£- 18  is  Zeta  Cys- 

13  ni :  the  smaller  star  is 

blue,  and  they  are  sepa- 
rated about  ten  diame- 
ters. This  star  is  sit- 
uated in  the  eastern 
wing  of  the  Swan— 
19  ^j&SKKS&BSik  riffnt  ascension,  21ht 
4',  north  declination, 
twenty-eight  degrees,  and  is  about  twenty 
degrees  south-east  of  Denib,  the  principal 
star  of  this  constellation. 

Fig.  19  represents  Zeta  Aquarii.  The 
two  stars  are  nearly  equal  in  apparent  magni- 
tude, and  one  diameter  and  a  half  separate 
from  each  other ;  both  stars  are  of  a  whitish 
colour.  It  is  in  the  middle  of  three  other 
stars,  which  together  form  a  figure  resembling 
the  letter  Y.  Its  right  ascension  is  22"  20', 
and  its  south  declination  about  two  degrees. 
It  is  a  star  of  about  the  third  magnitude,  and 
comes  to  the  meridian  at  nine  o'clock  in  the 
evening  about  the  middle  of  October. 

Fig  20  represents  the  Pole-star.  The  ac- 
companying star  is  a  very  faint  point,  and  re- 
quires an  accurate  telescope  with  considerable 
power  to  distinguish  it.  The  large  star  is 
white,  and  the  small  star  somewhat  of  a  rud- 
dy appearance,  and  is  distant  from  the  larger 
seventeen  seconds,  or  about  three  or  four  of 
its  diameters. 

Fig.  21  is  the  dou- 
ble star  Castor.  The 
smaller  star  is  nearly 
half  the  size  of  the 
larger,  and  they  are 
distant  about  five  sec- 
onds, or  two  diameters 
of  the  principal  star. 
They  are  both  of  a 
whitish  colour.  Their 
situation  may  bf  fou.id 
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on  Plato  I.  Castor  and  Pollux  lie  to  the 
north-west  of  Orion,  at  a  considerable  dis- 
tance from  it.  They  are  very  conspicuous, 
are  within  five  degrees  of  each  other,  and 
rise  to  a  very  high  elevation  when  passing  the 
meridian,  and  may  be  seen  throughout  the 
whole  winter  and  spring  months.  Castor  is 
the  more  elevated  of  the  two. 

Fig.  22  represents  Rigcl,  a  splendid  star 
in  the  left  foot  of  Orion.  The  small  star  is  a 
mere  point,  and  very  difficult  to  be  distin- 
guished, and  is  three  or  four  diameters  of  the 
large  star  from  it.  The  large  star  is  white, 
the  small  one  of  a  reddish  hue. 

Fig.  23 
shows  the 
double  star 
Castor,  with 
a  magnifying 
power  of  300. 
It  likewise 
shows  the  an- 
gular position 
of  the  small 

^BWS  •  s- star    at    the 

•   ?  present    time 

in  respect  to 
Pollux,  (fig  24,)  by  which  it  appears  that  it 
is  rearly  at  a  right  angle  to  a  line  joining 
Castor  and  Pollux,  whereas  in  the  time  of 
Dr.  Bradley  it  was  parallel  with  a  line  joining 
these  two  stars. 

Fig.  25,  26, 

•  27,    and    28, 
exhibit  views 
of  the  double 

"star  Epsilon 
o  Bootis,  with 
Sf,  four  magni- 

*  fying  powers. 
Fig.  25  is  its 
appearance 
with  a  power 

of  227;  fig.  26,  with  a  power  of  460;  fig. 
27,  with  a  power  of  900 ;  and  fig.  28,  with  a 
power  of  1100. 

Fig.  29,  30, 
and  31,  repre- 
sent telescopic 
views  of  the 
^triple  star  in 
g  the  left  forc- 
§  foot  of  the 
o  constellation 
Monoceros,  or 
the  Unicorn, 
which  forms  a 
very  beautiful 
object  in  this  class  of  stars.  This  star  ap- 
peared at  first  double,  but  with  some  atten- 
tion, one  of  the  two  is  discovered  to  be  also 
double  ;  the  first  of  them  is  the  largest.  The 
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colour  of  these  stars  is  white.  With  a  small 
power  they  appear  as  in  fig.  29 ;  with  a  power 
of  220,  as  in  fig.  30 ;  and  with  a  power  of 
450,  as  in  fig.  31.  There  is  a  beautiful  object 
of  this  description,  but  somewhat  diflerent  in 
the  configuration  of  the  three  stars  of  which 
it  is  composed,  to  be  seen  in  the  tail  of  the 
Great  Bear ;  it  is  the  star  Zeta  Ursse,  called 
also  Mizar,  and  is  the  middle  star  in  the  tail. 
Such  are  a  few  specimens  of  the  telescopic 
appearances  of  this  class  of  celestial  objects. 
Some  of  these  objects,  in  order  to  be  distinct- 
ly seen,  require  telescopes  of  considerable 
magnifying  power.  All  the  objects,  however, 
reierred  to  above  may  be  seen  with  a  good 
three  feet  and  a  half  achromatic  telescope, 
whose  object  glass  is  two  inches  and  three 
quarters  aperture.  The  double  star  Castor 
may  be  seen  with  powers  of  80,  140,  and  180. 
I  have  frequently  distinguished  the  separation 
of  the  two  stars  with  a  terrestrial  power  of  only 
45 ;  but  the  higher  powers  of  course  are  much 
preferable.  In  order  to  perceive  the  very  small 
sta.r  or  point  of  light  adjacent  to  the  pole-star, 
a  power  of  140  at  least  is  requisite  with  such 
a  telescope  ;  but  it  is  more  distinctly  seen  with 
a  power  of  190  or  200.  It  is  considered  as 
a  fair  test  of  the  goodness  of  a  telescope  of 
this  description  when  this  minute  object  is  per- 
ceptible with  such  powers.  The  small  star 
connected  with  Epsilon  Bootis  is  likewise  an 
object  which  requires  a  considerable  degree 
of  magnifying  power  and  distinctness  to  per- 
ceive the  separation  of  the  two  stars ;  and  it 
is  more  difficult  to  perceive  the  small  star  ad- 
jacent to  Rigel  than  any  of  these  objects 


In  the  phenomena  I  have  now  described, 
we  have  a  new  and  interesting  scene  pre- 
sented before  u^,  which  leads  the  mind  into 
a  train  of  thought  very  different  from  what 
could  have  been  connived  by  astronomers  of 
a  former  age.  To  some  minds,  not  accustomed 
to  deep  reflection,  it  may  appear  a  very  trivial 
fact  to  behold  a  small  and  scarcely  distinguish- 
able point  of  light  immediately  adjacent  to  a 
larger  star,  and  to  be  informed  that  this  lucid 
point  revolves  around  its  larger  attendant; 
but  this  phenomenon,  minute  and  trivial  as  it 
may  at  first  sight  appear,  proclaims  the  as- 
tonishing fact,  that  SUNS  HEVOLVE  AIIOUNB 

SUNS,  AND  SYSTEMS  AROUND  SYSTEMS.    This 

is  a  comparatively  new  idea,  derived  from  our 
late  sidereal  investigations,  and  forms  one  of 
the  most  sublime  conceptions  which  the  mo- 
dern discoveries  of  astronomy  have  imparted. 
It  undoubtedly  conveys  a  very  sublime  idea, 
to  contemplate  such  a  globe  as  the  planet  Ju- 
piter— a  body  thirteen  hundred  tim^s  larger 
than  the  earth — revolving  around  the  sun,  at 
(585) 


62 


*  SIDEREAL  HEAVENS. 


the  rale  of  twenty-nine  thousand  miles  every 
hour ;  and  the  planet  Saturn,  with  its  rings 
and  moons  revolving  in  a  similar  manner  round 
this  central  orb  in  an  orbit  of  five  thousand, 
six  hundred  and  ninety  millions  of  miles  in 
circumference.  But  how  much  more  august 
and  overpowering  the  conception  of  a  sun 
revolving  around  another  sun — of  a  sun  en- 
circled with  a  retinue  of  huge  planetary  bodies, 
all  in  rapid  motion,  revolving  round  a  distant 
sun,  over  a  circumference  a  hundred  times  larger 
than  what  has  been  now  stated,  and  with  a 
velocity  perhaps  a  hundred  times  greater  than 
that  of  either  Jupiter  or  Saturn,  and  carrying 
all  its  planets,  satellites,  comets,  or  other 
globes  along  with  it  in  its  swift  career !  Such 
a  sun,  too,  may  as  far  exceed  these  planets  in 
size  as  our  sun  transcends  in  magnitude  either 
this  earth  or  the  planet  Venus,  the  bulk  of 
any  one  of  which  scarcely  amounts  to  the 
thirteen-hundred-thousandth  part  of  the  solar 
orb  which  enlightens  our  day.  The  further 
we  advance  in  our  explorations  of  the  distant 
regions  of  space,  and  the  more  minute  and 
specific  our  investigations  are,  the  more  august 
and  astonishing  are  the  scenes  which  open  to 
our  view,  and  the  more  elevated  do  our  concep- 
tions become  of  the  grandeur  of  that  Almighty 
Being  who  "  marshalled  all  the  starry  hosts," 
and  of  the  multiplicity  and  variety  of  arrange- 
ments he  has  introduced  into  his  vast  crea- 
tion. And  this  consideration  ought  to  serve 
as  aa  argument  to  every  rational  being,  both 
in  a  scientific  and  a  religious  point  of  view, 
to  stimulate  him  to  a  study  of  the  operations 
of  the  Most  High,  who  is  "  wonderful  in 
counsel  and  excellent  in  working,"  and  whose 
works  in  every  part  of  his  dominions  adum- 
brate the  glory  of  his  perfections,  and  proclaim 
the  depths  of  his  wisdom  and  the  greatness  of 
his  power. 

In  order  to  form  a  comprehensive  concep- 
tion and  a  proper  estimate  of  such  binary 
systems,  we  have  to  consider,  in  the  first  place, 
the  distances  of  the  stars  or  suns  from  each 
other.  These  distances,  in  the  mean  time, 
cannot  be  accurately  ascertained  till  something 
more  definite  be  determined  respecting  the 
parallaxes  of  these  bodies.  Some  have  sup- 
posed that  the  distance  between  some  of  these 
binary  stars  may  be  as  great  as  the  distance 
between  the  earth  and  any  of  these  stars. 
But  such  a  supposition  is  highly  improbable, 
if  we  admit,  what  is  now  completely  ascer- 
tained, that  these  bodies  are  intimately  con- 
nected by  the  law  of  gravitation.  Their  dis- 
tance, however,  must  be  very  great,  notwith- 
standing their  apparent  nearness  to  each 
other,  as  a  few  seconds  of  interval,  at  the  dis- 
tance of  the  nearest  star,  must  comprise  an 
immense  space.  I  shall  suppose  this  distance 
in  the  case  of  some  of  these  bodies  to  be  only 
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the  one-hundreth  part  of  what  is  reckonfed 
the  distance  (namely,  twenty  billions)  of  the 
nearest  star.  On  this  supposition,  the  dis- 
tance of  the  revolving  star  from  its  primary 
would  be  200,000,000,000,  or  two  hundred 
thousand  millions  of  miles.  The  circumfer- 
ence of  its  orbit  would  therefore  be  1,256,- 
640,000,000  of  miles.  The  small  star  of  £ 
Urs£e  completes  its  revolution  in  fifty-eight 
years,  and  consequently,  if  at  the  distance 
now  supposed  from  its  primary,  must  move  at 
the  rate  of  two  millions  four  hundred  and 
seventy-one  thousand  miles  every  hour,  which 
is  eighty-five  times  the  velocity  of  the  planet 
Jupiter,  and  more  than  twenty-three  times  the 
velocity  of  Mercury  in  its  orbit,  which  is  the 
swiftest  moving  planet  in  our  system.  This 
motion  would  be  still  more  swift  in  the  case 
of  some  of  the  other  stars  to  which  we  have 
alluded.  The  small  star  of  6  Eridani,  as 
determined  by  Mr.  Dunlop,  revolves  around 
the  larger  at  the  rate  of  somewhat  more  than 
ten  and  a  half  degrees  per  annum,  and  conse- 
quently accomplishes  a  revolution  in  little 
more  than  thirty  years.  Its  motion,  then,  at 
the  distance  supposed,  would  be  equal  to  four 
millions  seven  hundred  thousand  miles  an 
hour,  which  is  162  times  the  velocity  of  Ju- 
piter, and  about  forty-four  times  that  of  Mer- 
cury. Even  the  small  star  of  y  Leonis,  which 
takes  1200  years  to  accomplish  is  revolution, 
would,  on  the  same  supposition,  move  at  the 
rate  of  119,000  miles  an  hour,  which  is  a 
greater  velocity  than  that  of  the  swiftest 
planets  of  our  system.  These  are  immense 
velocities,  especially  when  we  consider  the 
enormous  size  of  the  bodies  thus  impelled  ;  for 
the  least  of  these  suns  may  be  considered  as 
ten  millions  of  times  larger  than  the  planet 
Marcury,  yet  moving  with  a  velocity  so  much 
superior. 

What,  then,  would  be  the  velocities  of  such 
bodies  were  we  to  suppose  them  as  far  distant 
from  each  other  as  we  are  from  the  nearest 
star !  In  the  case  of  Xi  Ursae,  the  velocity 
would  be  two  hundred  and  forty-seven  mil- 
lions, one  hundred  and  sixty  thousand  miles 
every  hour,  and  four  millions,  one  hundred 
and  fifty  thousand  every  minute  ;  and  in  the 
case  of  6  Eridani,  the  velocity  would  be  477,- 
800,000  miles  an  hour,  and  132,735  in  a  se- 
cond, which  is  more  than  sixteen  thousand 
times  the  velocity  of  Jupiter.  That  bodies 
may  move  with  such  velocity  !P  perhaps  not 
impossible,  but  it  is  highly  improbable  that 
such  rapid  motions  actually  exist  among 
bodies  of  such  astonishing  magnitudes ;  and 
therefore  we  must  suppose  that  the  binary 
stars  are  within  a  moderate  distance  of  each 
other.  Still,  that  distance  must  be  very  con- 
siderable, and  it  is  not  unlikely  may  be  as 
great  as  I  have  supposed,  and  if  so,  it  presents 
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to  our  view  motions  more  rapid  and  sublime 
than  any  which  are  known  to  exist  within  the 
limits  of  our  planetary  system. 

In  the  next  place,  we  must  consider  the 
system  of  planets  connected  with  the  binaiy 
stars.  These  stars  are  evidently  suns  or  self- 
luminous  bodies,  otherwise  their  light  would 
never  reach  our  distant  sphere.  But  we  can 
never  admit  that  suns  were  created  merely  to 
diffuse  a  useless  splendour  over  the  waste 
spaces  of  infinity,  where  there  are  no  sentient 
beings  -with  visual  organs  to  be  cheered  with 
their  radiance.  In  this  case  they  might  be 
Slid  to  be  created  in  vain.  Hence  we  must 
ueccssarily  conclude  that  these  suns  are 
attended  with  a  retinue  of  planetary  bodies, 
rt'hich  revolve  around  them  as  the  centres  of 
light  and  attractive  influence,  and  we  can 
scarcely  conceive  a  more  sublime  and  astonish- 
ing object  than  that  of  magnificent  suns  re- 
volving around  still  more  magnificent  and  lu- 
minous centres,  and  conveying  along  with 
them  in  their  swift  career  a  numerous  train 
of  mighty  worlds,  all  in  regular  and  rapid 
motion  around  their  respective  orbs.  In  such 
sublime  sidereal  arrangements  we  behold  a 
combination  of  motions  and  effects  of  gravita- 
tion which  are  not  to  be  traced  throughout 
any  part  of  the  system  to  which  we  belong. 
For  while  the  planets  which  perform  their 
revolutions  around  the  revolving  sun,  are 
affected  by  the  power  of  attraction  from  that 
body,  with  which  they  are  more  immediately 
connected,  they  must  likewise  be  attracted  by 
the  larger  central  sun,  and  their  motions 
sometimes  retarded,  sometimes  accelerated, 
and  variously  modified,  by  its  powerful  influ- 
ence, which  combined  influences  must  pro- 
duce a  diversity  of  phenomena  and  effects 
unknown  in  the  system  of  our  sun.  For  the 
sake  of  some  readers,  not  accustomed  to  such 
views  and  contemplations,  I  have  given  a  rude 
sketch  of  a  binary  system  in  fig.  32,  in  which 
the  central  circles  represent  the  larger  sun 
with  its  attendant  planets,  and  the  other  cir- 
cles the  revolving  sun  and  its  planets,  in  four 
different  positions. 

Again,  in  contemplating  these  binary  sys- 
tems, we  perceive  a  great  diversity  in  the 
periods  of  their  revolutions.  The  period  of 
revolution  of  the  small  star  of «  Bootes  is  cal- 
culated to  be  not  less  than  1600  years.  An 
inhabitant  of  that  system  would  be  consider- 
ed by  us  an  old  residenter  were  he  to  survive 
the  period  of  a  year,  or  a  single  revolution. 
But  in  such  systems  it  is  not  likely  that  the 
lapse  of  duration  is  marked  by  so  short  pe- 
riods as  in  our  own  sublunary  abode,  nor  is 
it  probable  that  disease  and  death  cut  short 
the  existence  of  its  inhabitants,  as  in  the 
world  in  which  we  dwell.  Another  of  these 
suns  takes  1200  years  to  complete  a  revolu- 


tion ;  another.  629  years ;  and  another,  452 ; 
while  several  others  finish  their  circuits  in  the 
comparatively  short  periods  of  55,  43,  and 
even  30  years.  Whether  these  diversities  in 
the  periods  of  revolution  be  owing  to  the  dif- 
ferent magnitudes  of  the  respective  bodies, 
their  distances  from  each  other,  the  amplitudes 
of  the  orbits  in  which  they  move,  or  the  com- 
parative velocities  with  which  they  are  carried 
forward  in  their  career,  we  have  as  yet  been 
unable  to  determine;  and  a  long-continued 
series  of  the  most  delicate  and  minute  inves- 
tigation is  still  requisite  before  such  points 
can  be  ascertained  with  any  degree  of  preci- 
sion. But  such  striking  differences  in  their 
periodic  revolutions  evidently  indicate  that  the 
characteristic  of  variety  is  impressed  upon  all 
the  arrangements  connected  with  those  distant 
systems;  which  leads  us  to  conclude  that 
there  is  no  system  of  suns  or  worlds  in  the 
universe  exactly  resembling  another,  although 
they  may  be  all  subject  to  the  operation  of 
the  same  general  and  fundamental  laws. 
From  such  circumstances  we  are  likewise  led 
to  infer  that  among  bodies  in  the  more  dis- 
tant regions  of  creation  there  may  be  motions 
and  arrangements  altogether  different  from 
any  thing  we  yet  know,  which  produce  scenes 
of  beauty,  sublimity,  and  grandeur,  far  sur- 
passing what  the  mind  of  man  can  yet  con- 
ceive. 

In  regard  to  the  number  of  such  binary 
systems,  no  precise  estimate  has  yet  been 
made.  We  have,  however,  every  reason  to 
believe  that  their  number  is  very  great.  I 
have  already  stated  that  about  6000  double 
stars  have  been  detected  by  M.  Struve,  the 
two  Herschels,  Mr.  Dunlop,  and  Sir  James 
South.  On  the  doctrine  of  chances,  it  is  in 
the  highest  degree  improbable  that  the  greater 
part,  or  even  any  considerable  number  of 
these  bodies,  appear  double  by  their  accidental 
proximity,  or  being  so  placed  one  behind 
another  as  to  be  nearly  in  the  same  line  of 
vision.  We  may  therefore  conclude  that  at 
least  4000  of  these  stars  are  binary  systems 
connected  by  the  law  of  mutual  gravitation. 
Between  forty  and  fifty  of  these  bodies  have 
been  ascertained  beyond  doubt  to  form  re- 
volving systems,  and  time  must  be  allowed 
for  further  investigations.  It  is  but  lately 
that  the  attention  of  astronomers  has  been 
directed  to  such  observations;  and  on  ac- 
count of  the  very  minute  distances  of  the 
revolving  stars  from  each  other,  and  the  slight 
variation  of  the  angle  of  position  which  can 
be  traced  for  a  series  of  years,  an  age  or  two 
is  requisite  in  order  to  determine  with  preci- 
sion the  degree  or  progress  of  their  revolu- 
tionary movements.  Some  of  their  orbits, 
too,  may  be  so  extensive,  or  their  motions  so 
comparatively  slow,  that  several  thousands  of 
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years  may  elapse  before  the  periods  of  some 
of  these  bodies  be  completed ;  and  if  so,  we 
have  no  reason  to  conclude  that  they  are  not 
binary  systems,  although  half  a  century 
should  elapse  without  any  change  being  per- 
ceived in  their  angular  positions.  In  the 
course  of  fifty  or  sixty  years  hence,  we  have 
reason  to  believe  many  important  discoveries 
will  be  made  in  reference  to  the  bodies  in 
question,  and  what  is  at  present  doubtful  or 
obscure  wf|l  be  rendered  definite  and  precise. 
In  the  mean  time,  we  may  safely  take  for 
granted  that  several  thousands  of  those  re- 
volving suns  and  systems  lie  within  the  range 
of  our  telescopes,  whose  revolutions  will  ere 
long  be  determined.  But  as  our  most  power- 
ful instruments  can  carry  us  only  a  very 
small  way,  comparatively,  beyond  the  out- 
ward boundaries  of  those  mighty  heavens 
which  surround  us,  ten  thousands  of  such  sys- 
tems may  exist  in  those  remoter  regions, 
which  will  for  ever  remain  inexplorable  by 
mortals. 

There  is  another  interesting  view  which 
may  be  taken  of  these  binary  systems,  and 
that  is — the  contrast  of  colours  which  some 
of  the  stars  composing  these  systems  exhibit. 
I  have  already  alluded  to  some  of  these  stars 
being  of  different  colours,  and  any  observer 
who  is  possessed  of  a  good  telescope  may 
easily  satisfy  himself  on  this  point.  "  Many 
of  the  double  stars,"  says  Sir  J.  Herschel, 
"  exhibit  the  beautiful  and  curious  phenomena 
of  contrasted  or  complementary  colours.  In 
such  instances,  the  larger  star  is  usually  of  a 
ruddy  or  orange  hue,  while  the  smaller  one 
appears  blue  or  green ;  probably  in  virtue  of 
that  general  law  of  optics  which  provides  that 
when  the  retina  is  under  the  influence  of  ex- 
citement by  any  bright-coloured  light,  feebler 
lights,  when  seen  alone  would  produce  no  sen- 
sation but  of  whiteness,  shall  for  the  time  appear 
coloured  with  the  tint  complementary  to  that 
of  the  brighter.  Thus  a  yellow  colour  pre- 
dominating in  the  light  of  the  brighter  star, 
that  of  the  less  bright  one  in  the  same  field 
of  view  will  appear  blue ;  while  if  the  tint  of 
the  brighter  star  verge  to  crimson,  that  of  the 
other  will  exhibit  a  tendency  to  green,  or  even 
appear  as  a  vivid  green  under  favourable  cir- 
cumstances. The  former  contrast  is  beauti- 
fully exhibited  by  Iota  Cancri,  the  latter  by 
Gamma  Andromedae,  both  fine  double  stars. 
If,  however,  the  coloured  star  be  much  the 
less  bright  of  the  two,  it  will  not  materially 
affect  the  other.  Thus,  for  instance,  Eta  Cas- 
siopeiae  exhibits  the  beautiful  combination  of 
a  large  white  star  and  a  small  one  of  a  rich 
ruddy  purple.  It  is  by  no  means,  however, 
intended  to  say  that  in  all  such  cases  one  of 
the  colours  is  a  mere  effect  of  contrast ;  and 
it  may  be  easier  suggested  in  words  than  con- 
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ceived  in  imagination,  what  variety  of  illumi 
nation  two  suns,  a  red  and  a  green,  or  a 
yellow  and  a  blue  one,  must  afford  a  planet 
circulating  about  either  ;  and  what  charming 
contrasts  and  'grateful  vicissitudes' — a  red 
and  a  green  day,  for  instance,  alternating  with 
a  white  one  and  with  darkness — might  arise 
from  the  presence  or  absence  of  one  or  other, 
or  both,  above  the  horizon.  Insulated  stars 
of  a  red  colour,  almost  as  deep  as  that  of 
blood,  occur  in  many  parts  of  the  heavens, 
but  no  green  or  blue  star  (of  any  decided  hue) 
has,  we  believe,  ever  been  noticed  unassociated 
with  a  companion  brighter  than  itself." 

The  fact  of  coloured  suns,  of  suns  belong- 
ing to  the  same  system  diffusing  light  of  op- 
posite or  contrasted  colours,  presents  a  novel 
and  interesting  idea,  and  a  splendid  scene,  in 
which  a  lively  imagination  may  luxuriate 
while  depicting  the  diversity  of  aspects  under 
which  objects  will  appear  in  those  worlds 
which  are  alternately  illuminated  by  such  a 
variety  of  irradiation.  It  is  somewhat  diffi- 
cult, however,  to  form  a  distinct  conception 
of  the  particular  beauties,  sublimities,  and 
contrasts,  which  will  be  produced  by  such  ad- 
mirable arrangements.  We  are  unacquainted 
with  the  nature  and  qualities  of  the  substances 
which  are  thus  illuminated,  and  therefore 
cannot  determine  the  peculiar  hues  or  splen- 
dour which  will  result  from  the  reflection  of 
such  irradiations ;  but  we  may  easily  conceive 
there  will  be  a  considerable  difference  in  the 
variety  and  splendour  of  such  illuminations, 
and  in  the  contrast  of  colours  which  will  be 
exhibited  when  the  revolving  planets  are  in 
different  parts  of  their  orbits.  When  in  such 
positions  as  A,  B,  C,  D,  (fig.  32,)  they  will 
be  more  directly  under  the  influence  of  both 

Fig.  32. 


suns  than  when  at  E  and  F,  and  of  course 
the  effect  of  the  contrasted  coloured  rays  will 


DISTANCES  OF  DOUBLE  STARS. 


65 


be  most  remarkable.  One  hemisphere  of  a 
planet  may  be  illuminated  with  a  yellow  sun, 
while  the  other  is  at  the  same  time  enlight- 
ened by  a  green,  and  both  suns  may  occasion- 
ally shine  in  the  same  h^-znisphere,  producing 
such  a  blending  of  hues,  and  a  contrast  »f 
colouring  over  the  whole  landscape,  as  to  ren- 
der the  aspect  of  the  scene  completely  diffe- 
rent at  one  time  from  what  it  is  at  another. 
In  different  parts  of  the  planets'  courses 
around  their  primary  suns  these  effects  will  be 
variously  modified,  so  as  to  produce  an  almost 
perpetual  variety  in  the  scenery  of  such  worlds. 
A  sun  of  a  brilliant  white  colour  may  perhaps 
be  seen  rising,  while  a  sun  of  a  ruby  hue  is 
descending  below  the  horizon,  and  when  both 
suns  are  absent,  the  starry  firmament  will  ap- 
pear in  all  its  splendour,  and  every  object 
around  present  a  contrast  to  its  previous  ap- 
pearance. 

The  science  of  optics,  and  particularly  the 
experiments  which  have  been  made  on  polar- 
ized light,  show  us  what  a  variety  of  combi- 
nations of  vivid  and  beautiful  colours  may 
be  produced  by  certain  modifications  of  light, 
which  may  easily  lead  us  to  conceive  of  the 
sublime  and  diversified  brilliancy  of  colouring 
which  must  be  the  result  of  the  irradiation  of 
suns  of  different  hues.  The  light  of  the  stars 
in  general  is  greatly  diversified,  although  on 
a  cursory  view  of  the  firmament  they  appear 
nearly  of  the  same  aspect.  The  rays  of  Sirius, 
for  example,  are  riot  only  strikingly  different 
from  those  of  Aldebaran,  but  from  those  of 
many  other  stars  which  seem  to  bear  a  nearer 
resemblance.  In  tropical  climates,  where  the 
sky  is  clearer  than  with  us,  and  almost  of  a 
dark  ebony  colour,  the  different  hues  of  the 
stars  are  more  striking  and  perceptible  to  the 
naked  eye  than  when  seen  through  our  com- 
paratively hazy  atmosphere.  In  this  respect 
then,  as  well  as  in  several  others,  the  declara- 
tion of  the  inspired  writer  is  literally  true, 
that  "  one  star  differeth  from  another  star  in 
glory.''  Milton,  in  the  eighth  book  of  his 
"  Paradise  Lost,"  utters  a  sentiment  on  this 
subject  which  seems  to  be  almost  prophetic, 
when  he  represents  Raphael  in  his  address  to 
Adam  as  saying — 

"  Oth'^r  suns,  perhaps, 

With  their  attendant  moons  thou  wilt  descry, 
Conimiinicatinar  mule  and  female  light, 
VVIrch  two  irrtMt  sexus  animate  the  world, 
Stored  in  each  orb,  perhaps,  with  some  that  live." 

In  these  phenomena  we  have  another  proof 
of  the  infinite  variety  which  the  Creator  has 
introduced  into  the  systems  of  the  universe — 
a  variety  in  regard  to  colour  as  well  as  to 
magnitude,  motion  and  other  arrangements, — 
which  leads  us  to  conclude  that  although  we 
were  permitted  to  make  the  tour  of  universal 
nature,  we  should  meet  with  no  worlds,  or 


systems  of  worlds,  in  which  the  scenery  and 
arrangements  are  exactly  the  same,  but  that 
each  would  display  its  own  peculiar  harmo- 
nies, beauties,  and  sublimities,  and  the  enrap- 
tured spectator,  at  every  stage  of  his  excur- 
sion, would  behold  a  new  manifestation  of 
"  the  manifold  wisdom  of  God." 

It  would  be  an  important  and  interesting 
acquisition  in  astronomy  could  we  determine 
exactly,  or  even  to  a  near  approximation,  the 
distances  of  any  of  these  binary  systems,  and 
the  actual  dimensions  of  the  orbits  of  the  re- 
volving stars.  It  appears  from  what  has  been 
formerly  stated,  (pp.  37, 38,)  that  the  paral- 
lax, and  consequently  the  distance,  of  61 
Cygni  has  been  determined  by  Professor  Bes- 
sel.  Now  this  is  a  double  star,  or  binary 
system,  and  one  of  the  stars  is  found  to  have 
an  annual  angular  motion  of  about  two-thirds 
of  a  degree  ;  from  which  it  is  inferred  that 
the  period  of  its  revolution  may  be  about  540 
years,  and  that  the  semi-major  axis  of  its  or- 
bit is  seen  under  an  angle  of  more  than  15". 
Were  these  and  other  correlative  points  accu- 
rately settled,  we  might  soon  determine  to  a 
near  approximation  the  extent  of  its  orbit,  the 
space  through  which  it  moves  in  the  course 
of  a  revolution,  and  consequently  its  rate  of 
velocity ;  but  as  the  motion  of  revolution  of 
this  star  is  so  extremely  slow,  a  considera- 
ble period  of  years  may  elapse  till  all  the  ele- 
ments of  its  orbit  be  accurately  ascertained. 

A  few  years  ago,  a  method  was  pointed  out 
by  M.  Savory,  a  French  astronomer,  by  which 
the  dimensions  of  the.  orbit  of  a  revolving  star 
might  be  determined.  This  method  depends 
upon  the  fact  that  light  moves  with  a  certain 
known  rate  of  velocity.  Suppose  that  one  of 
the  double  stars  moves  round  another  in  an  orbit 
which  is  nearly  parallel  to  our  line  of  vision, 
it  is  evident  that  the  one  half  of  its  orbit  will 
be  nearer  to  us  than  the  other,  and  that  at  the 
most  distant  point  of  its  course  the  star  will 
be  removed  from  us  to  a  distance  equal,  or 
nearly  equal,  to  the  whole  diameter  of  its  orbit 
further  than  when  at  the  point  which  is  nearest 
the  earth.  As  the  light  which  proceeds  from 
the  star  takes  a  certain  time  in  moving  across 
the  interval  which  separates  us  from  that 
body  before  it  reach  our  eye,  we  must  neces- 
sarily see  the  star  in  a  point  of  its  orbit  dif- 
ferent from  that  in  which  it  is  actually  placed. 
Let  S  (fig.  33)  represent  the  central  star,  E 
the  earth,  and  H  F  K  G  the  9rbit  of  the  re- 
volving star.  When  the  star  is  at  H,  it  ig 
nearest  the  earth  ;  and  when  at  K,  it  is  farther 
distant  by  the  whole  diameter  of  its  orbit. 
Now,  when  the  star  proceeds  from  H,  the 
nearest  point  of  its  orbit,  its  light  will  take  a 
longer  period  to  reach  the  earth  in  proportion 
as  it  moves  on  in  its  course  from  H  to  G  and 
from  G  to  K,  and  consequently  will  appeal 
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to  take  a  longer  time  than  in  reality  it  does  in 
moving  along  that  portion  of  its  orbit ;  but  in 
returning  through  the  other  half  of  its  orbit, 
R  F  H,  it  will  appear  to  pass  through  it  in  a 
less  space  of  time  than  it  actually  does,  since 
the  light  which  proceeds'  from  it  takes  less 
and  less  time  to  reach  our  eye  as  it  approaches 
in  its  course  towards  F  and  H.  If,  therefore, 
we  could  accurately  determine  the  difference 
of  time  between  these  two  half  revolutions  of 
the  star,  we  should  have  data  sufficient  for 
determining,  to  a  near  approximation,  the  di- 
mensions of  the  orbit  in  miles,  or  other  known 
measures ;  and  having  found  these  dimensions, 
the  distance  of  the  star  from  the  earth  could 
likewise  be  found  by  an  easy  trigonometrical 
calculation. 

This  method  of 
finding  the  di- 
mensions of  bi- 
nary systems  is 
entitled  to  the 
praise  of  ingenu- 
ity ;  but  it  will  be 
G  difficult,  in  many 
instances,  to  put 
it  in  practice.  Its 
accuracy  will  de- 
pend upon  our 
knowing  the  posi- 
tion of  the  orbit 
with  regard  to  our 
eye,  and  our  ascer- 
taining exactly 
when  the  star  is 
in  H  or  at  K,  or 
the  two  opposite 
points  of  its  orbit.  Besides,  a  very  long  time 
must  intervene  before  observations  of  this  kind 
can  be  completed,  since  most  of  the  periods 
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that  have  been  determined  in  regard  to 
double  stars  extend  to  several  hundreds  of 
years,  and  the  shortest  period  yet  known  of 
any  of  these  revolving  bodies  is  above  thirty 
years.  It  is  generally  taken  for  granted,  by 
those  who  have  adverted  to  this  subject,  that 
the  distance  between  the  revolving  and  the 
central  star  is  as  great,  or  nearly  as  great,  as 
that  which  intervenes  between  us  and  the 
nearest  star ;  and  hence,  in  their  illustrations 
of  this  point,  they  have  supposed  light  to  take 
at  least  one  year  in  crossing  the  orbit  of  a  re- 
volving star,  which  of  course  would  make  the 
diameter  of  such  an  orbit  above  six  billions 
of  miles.  But  there  appears  no  reason  for 
forming  such  extravagant  suppositions,  as  in 
such  a  case  the  binary  stars  could  scarcely  be 
supposed  to  have  any  intimate  connexion. 
We  might  almost  as  soon  suppose  that  the 
star  Sirius  might  revolve  around  our  sun,  or 
the  sun  around  Sirius.  It  is  not  likely  that 
the  double  stars  in  general  are  much  further 
from  each  other  than  the  distance  I  formerly 
supposed,  — namely,  200,000,000,000,  and 
consequently  the  diameter  of  their  orbits  about 
400,000,000,000  of  miles.— Through  this 
space  light  would  pass  in  the  course  of  24  days 
and  2$  hours ;  and  therefore  it  would  require 
very  accurate  determinations  indeed  of  the 
points  H  and  K,  or  the  nearest  and  remotest 
points  of  the  orbits,  before  any  precise 
conclusions  could  be  deduced,  if  the  stars  be 
not  farther  distant  than  I  have  supposed,  and 
it  is  perhaps  as  probable  that  they  are  con- 
siderably within  that  distance.  It  is  not  im- 
probable, however,  that  the  dimensions  of  the 
orbits  of  some  of  those  stars  whose  periods  are 
shortest  may  in  this  way  be  determined ;  but 
a  considerable  period  must  elapse  before  the 
requisite  operations  can  be  made. 


CHAPTER  IX. 

On  Treble,  Quadruple,  and  Multiple  Stars. 


BESIDES  the  combinations  of  double  stars 
described  in  the  preceding  chapter,  treble, 
quadruple  and  multiple  stars  have  been  dis- 
covered, many  of  which  appear  to  be  ulti- 
mately connected,  and  to  be  formed  into  regular 
systems,  whose  motions  and  phenomena  must 
of  course  be  more  diversified  and  complicated 
than  those  of  binary  systems.  Without  en- 
tering into  particular  discussions  on  this  sub- 
ject, I  shall  present  to  the  reader  only  two  or 
three  general  remarks,  with  a  short  list  of 
some  of  the  treble  and  multiple  stars  to  which 
I  allude. 

The  more  profound  and  minute  our  inves- 
•igations  are  into  the  scenery  of  the  heavens, 
(590) 


the  more  do  we  discover  of  the  endlessly  di- 
versified modes  by  which  the  system  of  uni- 
versal nature  is  arranged  and  conducted,  and 
the  more  clearly  do  we  perceive  a  display  of 
the  infinite  wisdom  and  intelligence  of  its 
almighty  Author.  Who  could  have  pre- 
viously conceived  of  one  sun  and  system  re- 
volving round  another,  had  not  recent  obser- 
vations demonstrated  the  astonishing  fact  1 
As  one  discovery  naturally  leads  to  another, 
so  the  facts  which  have  already  been  ascer- 
tained may  lead  to  discoveries  in  future  gene- 
rations still  more  wonderful  and  sublime  than 
those  which  have  hitherto  been  brought  to 
light  The  discovery  of  binary  systems  leads 
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to  the  conclusion  that  almost  all  the  close 
groups,  or  clustering  stars,  visible  to  the  naked 
eye  or  descried  by  telescopes,  are  multiple 
systems,  or  suns  and  planetary  worlds  linked 
together  by  a  universal  law  or  principle,  act- 
ing in  different  modes,  and  producing  an  im- 
mense variety  of  physical  phenomena  and 
effects.  Guided  by  principles  and  facts  re- 
cently brought  to  light,  astronomers  have  only 
to  direct  their  attention  more  particularly  to 
such  objects,  to  watch  with  care  the  slightest 
movements  in  the  sidereal  heavens,  and  take 
their  measurements  of  distances  and  angular 
positions  with  the  utmost  precision ;  and  then 
we  may  expect  that  succeeding  generations  will 
have  unfolded  to  their  view  a  more  sublime 
and  comprehensive  prospect  of  the  arrange- 
ments of  the  universe. 

In  certain  cases  it  has  already  been  ascer- 
tained that  treble  stars  form  one  connected 
system.  The  star  marked  £  Cancri  is  a  tre- 
ble star  of  this  description.  Two  of  the  stars 
are  considerably  unequal ;  the  largest  of  these 
is  larger  than  the  single  star,  and  the  least  of 
the  two  is  less  than  the  single  star.  The  first 
and  second  largest,  as  described  by  Sir  W. 
Herschel,  are  pretty  unequal,  and  the  second 
and  third  pretty  unequal.  The  nearest  are 
pale  red.  They  require  very  favourable  cir- 
cumstances to  be  distinctly  seen ;  they  are 
just  separated  by  a  power  of  227,  and  with 
460  their  distance  is  £  the  diameter  of  the 
smaller  one.  This  is  considered  a  case  in 
which  three  suns  revolve  around  a  common 
centre.  Observation  has  not  yet  afforded  a 
sufficient  data  for  determining  the  particular 
motions  or  arrangements  of  such  complex  sys- 
tems ;  but  we  may  conceive  them  as  arranged 
in  a  manner  somewhat  similar  to  what  we 
have  delineated  in  fig.  34,  where  the  point  C 
may  represent  the  common  centre  of  gravity 

Fig.  34. 


ceived  as  lying  in  different  planes  oblique  to 
each  other,  to  prevent  any  occasional  collision 
or  too  near  an  approach. 

A  quadruple  system  may  be  represented 
by  fig.  35,  where  C  is  the  centre  of  gravity 
round  which  the  four  bodies  revolve,  and  the 
circles  a  a  a  a,  b  b  b  b,  &c.,  the  respective 
orbits  in  which  they  move.  The  star  f  Lyra- 
is  probably  a  system  of  this  kind.  It  is  a 
star  of  the  fifth  magnitude,  situated  about 
two  degrees  north-east  from  the  bright  star 
Vega,  or  a  Lyrse.  The  stars  of  which  it  is 
composed  are  easily  distinguishable  by  a  tele- 
scope of  moderate  power,  and  it  is  easily  found 
from  its  vicinity  to  the  very  bright  star  adja- 


around  which  the  three  bodies  revolve.  The 
circles  A  B,  D  E,  F  G,  represent  the  orbits 
of  the  revolving  bodies,  which  may  be  con- 


cent to  it.  The  small  stars  of  which  it  is 
composed  are  situated  nearly  as  represented 
in  fig.  36.  We  might  conceive  of  such  a  sys- 
tem of  bodies  revolving  in  a  still  more  com- 
plex manner, — the  star  V  revolving  round  S, 
the  star  U  revolving  round  T,  the  system  of 
Fand  S  revolving  round  a  point  a,  and  the 
system  of  U  and  T  round  the  same  point  or 
centre  in  a 

Fig.  36.  separate     but 

more  expan- 
sive orbit.  But 
it  is  difficult 
to  form  dia- 
grams of  such 
complex  sys- 
tems. 

There  are 
many  differ- 
ent combina- 
tions by  which  we  may  conceive  treble,  quad- 
ruple, and  multiple  stars  to  revolve  round 
their  common  centre  of  gravity,  which  it 
would  be  too  tedioua  to  describe,  particularly 
as  such  motions  have  not  yet  been  accurately 
ascertained.  Sir  W.  Herschel  describes  one 
of  these  possible  combinations  which  is  not  a 
little  singular.  Suppose  two  equal  stars,  a 
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and  b,  (fig.  37,)  moving  in  a  circular  orbit    apply  to  the  almighty  architect  the  language 
round      their    of  the    sacred  writer — "  How   unsearchable 
Fig.  37.  common  cen-    are  thine  operations  and  thy  ways  past  find- 

c&>  tre  of  gravity    ing  out!"     When  we  consider  that  around 

}  which  will  be    each  of  these  moving  suns  a  retinue  of  planets 

the  centre  of    must  be  supposed  to  wheel  their  courses,  at 
the        circle,    different  distances  and  in  different  periods  of 
From  the  cen-    time,  we  cannot  but  feel  astonished  at  the 
tre  of  the  cir-    complexity   of    motions,   perturbations,    and 
clc,    draw    a    other  effects  which  must  necessarily  follow ; 
line  perpendi-    yet  we  are  bound  to  believe  that  every  tiling 
cular   to    the    moves  onward,  not  only  without  confusion, 
plane  of  their    but  in  the  most  perfect  order  and  harmony , 
«£  orbit,  extend-    for  He  who  at  first  arranged  the  plan  of  the 
ing   to   equal    material  world,  and  impressed  upon  matter 
distances      a-    the  laws  which  now  operate,  is  possessed  of 
bove  and  be-    boundless  intelligence,   and  foresees  at  one 
low  this  cen-    glance  all  the  effects  which  those  laws  can 
tre.     Let    us    possibly  produce  ;  and,  so  far  as  our  obscrva- 
now  suppose  a  third  star,  c,  to  fall  from  one    tion  extends,  every  object  and  movement  in 
extremity  of  this  perpendicular,  from  a  state    nature  appears  to  be  adjusted  with  the  most 
of  rest;  it  will  obviously  descend  with  a  gra-    perfect  regularity. 

dually  accelerated  motion  till  it  reaches  the        The    solution    of  the   "  problem   of  three 
centre  of  gravity ;  and  passing  onwards  with    bodies"  was  considered  as  a  work  of  so  great 
a  motion  gradually  retarded,  it  will  move  to    nicety  and  difficulty  that  none  but  such  pro- 
the  other  end  of  the  perpendicular,  where  it    found  mathematicians  as  Clairaut,  D'Alem- 
will  arrive  at  a  state  of  rest,  and  again  return    bert,  and  Euler,  could  undertake  such  a  deli- 
and  continue  to  oscillate  between  these  two    cate  and  laborious  investigation.     This  pro- 
points.     The  two  stars  which  move  in  a  cir-    blein  was,  "  to  determine  the  curves  described 
cular  orbit  may  describe  equal  ellipses  of  any    by  three  bodies  projected  from  three  points 
degree   of  eccentricity.     In   this  case,  how-    given  in  position,  and  with  velocities  given  in 
ever,  the   perturbations  will  affect  not  only    quantity  and  direction — the  force  with  which 
the  planes  of  their  orbits,  but  also  their  figures;    they  gravitate  being  directly  as  their  quanti 
and  the  length  of  the  oscillations  of  the  third    ties  of  matter,  and  inversely  as  the  squares  oi 
will  be  sometimes  increased  and  diminished.      their  distance."     If  the  resolution  of  such  a 
A  sun  oscillating  in  a  line  perpendicular  to    problem  required  so  great  acuteness  of  intel- 
the  orbit  of  other  two  suns,  and  continuing    lect,  and  so  eminent  skill  in  the  science  of 
its  motion  for  ages  in  that  line,  is  certainly  a    analysis,  what  perspicacity   of  intellect,  and 
very  strange  idea;  and  yet,  from  the  variety    what  profound  knowledge  of  every  thing  con- 
we  perceive  in  the  arrangements  of  the  uni-    nccted  with  physical  and  mathematical  inves- 
verse,  it  is  not  at  all  improbable  that  such    tigations  must  be  requisite  to  determine  the 
combinations  may  exist  among  treble  stars,    courses  described  and  the  perturbations  pro- 
The  idea  here  intended  to  be  conveyed  may    duced  by  the  complex  motions  of  five,  six,  or 
be  illustrated  by  suspending  a  ring,  and  plac-    seven  suns  all  connected  together,  yet  moving 
ing  a  wire  perpendicular  to  it  in  its  centre,    in  different  curves  and  in  different  directions, 
The  ring  will  represent  the  plane  of  the  orbit    along  with  hundreds  of  planets,  each   con- 
in  which  the  two  equal  stars  move,  and  the    nccted  with  its  own  sun  and  pursuing  its 
perpendicular  wire  the  line  or  course  of  the    own  distinct  course,  yet  acted  upon  in  suc- 
third  star  moving  backward  and  forward  with    cession  with  different  degrees  of  force  by  the 
different  degrees  of  accelerated  and  retarded    attractive  influence  of  other  suns !     A 11  our 
motion.     The  motions  connected  with  quin-    boasted  powers   of  analysis   are   completely 
tuple  and  multiple  stars  must  be  still  more    incompetent  for  such   determinations.     The 
complex  than  those  to  which  we  have  ad-    faculties  of  an  archangel,  or  of  intelligences 
verted ;  but  it  is  difficult  in  the  mean  time  to    of  a  higher  order  than  that  of  man,  are  alone 
form  any  distinct  ideas  on  the  subject,  till  ac-    adequate  to  such  investigations ;  arid  this  cir- 
tual  observation  in  the  course  of  succeeding   cumstance    affords   a   presumptive    evidence 
ages  shall  pave  the  way  for  deducing  definite    that  such  superior  intelligences  actually  exist 
conclusions.     The  discoveries  already  made    in  the  universe,  and  that  man,  in  the  present 
open  to  view  new  scenes  of  celestial  mechan-    improvement  of  his  powers,  may  be  in  the 
ism,  and  new  views  of  the  diversified  and  ad-    act  of  training  for  the  employments  and  the 
mirable  contrivances  of  Divine  Wisdom,  so    society  of  such  intellectual  beings  in  a  future 
that,  in  reference  to  such  objects,  we  may    scene  of  existence. 
(592) 
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The  following  brief  list  of  treble  and  mul- 
tiple stars,  selected  chiefly  from  Sir  W.  Her- 
schel's  catalogue,  is  given  for  the  sake  of  those 
who  may  be  disposed  to  inspect  them  with 
their  telescopes.* 

ft,  or  42  Aries,  in  the  ham,  sixth  magni- 
tude.— The  three  stars,  which  are  all  in  a 
line,  are  excessively  unequal ;  the  largest  is 
white,  and  the  two  smallest  are  mere  points. 
Witli  a  power  of  460,  the  two  nearest  are  l£ 
diameter  of  the  largest  star.  The  third  is 
about  25"  from  the  largest 

f,  or  4  or  5  Libra. — This  is  a  remarkable 
double-double  star — or  a  double  star,  each  star 
itself  being  a  double  star.  The  first  set  con- 
sists of  stars  that  are  considerably  unequal. 
The  largest  is  very  white,  and  the  smallest 
reddish.  Their  distance  with  227  is  one  di- 
ameter of  the  larger  one ;  the  second  set  are 
white  and  equal,  the  preceding  being  rather 
the  largest;  their  distance  1^  diameter  of 
either.  The  star  appears  of  the  fourth  mag- 
nitude. 

0,  or  48  Orion,  a  star  of  the  fourth  magni- 
tude, a  little  below  the  lowest  of  the  three 
stars  in  the  belt.  This  is  a  double-treble  star, 
or  two  sets  of  treble  stars,  almost  similarly 
situated.  The  two  nearest  of  the  preceding 
set  are  equal;  the  third  larger,  and  pretty 
unequal  when  compared  with  the  latter  two. 
With  a  power  of  222,  the  distance  of  the  two 
nearest  is  2  diameters  of  either.  The  two 
nearest  of  the  following  set  are  very  unequal. 
The  largest  of  the  two  and  the  farthest  are 
considerably  unequal,  the  largest  being  white 
and  the  smallest  bluish.  With  a  power  of 
222,  their  distance  is  about  2J*  diameters  of 
the  largest.  The  distance  of  the  two  farthest 
is  43"  Right  ascension,  5"  30'  ;  south  decli- 
nation, 2°  43'. 

0,  or  41  Orion,  the  small  telescopic  tra- 
pezium in  the  nebula.  Right  ascension,  5h 
26' ;  south  dec.,  5°  32'.  The  stars  compos- 
ing this  quadruple  star  are  considerably  un- 
equal. The  most  southern  star  of  the  follow- 
ing side  of  the  trapezium  is  the  largest;  and 
the  star  in  the  opposite  corner  is  the  smallest, 
the  other  two  being  nearly  equal.  The  largest 
is  pale  red ;  the  star  preceding  the  largest  in- 
clined to  garnet ;  and  the  star  opposite  the 
largest  dusky.  Distance  of  the  two  stars  in 
the  preceding  side,  8|  seconds ;  in  the  southern 
side,  12|  seconds;  in  the  following  side,  15 
seconds ;  and  in  the  northern  side,  20  seconds. 
The  first  star  (in  right  ascension)  is  of  the 
ieventh  magnitude,  the  second  of  the  eigbth 
magnitude,  the  third  of  the  fifth  magnitude, 
and  the  fourth  of  the  sixth  or  seventh  magni- 

*  As  the  following  and  similar  lists  are  inserted 
for  the  purpose  of  reference  to  amateur  observers, 
tbe  general  reader,  if  he  think  proper,  may  pass 
over  such  lists  and  descriptions. 
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tude.     M.  Struve  found  the  angles  of  po<e 
tion,  in  1819,  to  be  as  follows — 


3d  and  4th  : 
29°  45'  north  following. 


1st  and  3d  : 
45°  9' north  preceding. 


1st  and  2d  :        2d  and  4th:         2d  and  3th 
58°  V  north  fol.  31°  (X  north  pre.  74°  0'  north  pre. 

44  Orion  preceding  the  two  is,  or  below 
1,  2,  0 — of  the  third  or  fourth  magnitude. 
The  preceding  set  of  this  double-triple  star 
consists  of  three  equal  stars,  forming  a  triangle, 
and  are  all  dusky.  The  distance  of  the  two 
nearest  with  a  power  of  227  is  about  3  diam. 
The  following  set  consists  of  three  stars  of 
different  sizes,  forming  a  circle.  The  middle 
star  is  the  largest ;  the  one  to  the  south  is 
pretty  large ;  and  the  third  is  very  small.  The 
two  largest  are  white,  and  the  smallest  pale 
red.  Distance  36£".  These  stars  are  east 
by  north  from  the  bright  star  Rigel,  at  the 
distance  of  about  5°. 

12  Lynx,  below  the  eye,-  about  18°  or  19° 
north-east  of  Capella  and  16°  north  of  |3 
Aurigse.  The  two  nearest  of  this  curious 
treble  star  are  pretty  unequal.  The  larger  is 
white,  and  the  smaller  white  inclining  to  a 
rose  colour.  With  a  power  of  227  their  dis- 
tance is  ^  the  diameter  of  the  smaller  one. 
The  first  and  third  are  considerably  unequal ; 
the  second  and  third  pretty  unequal ;  the 
colour  of  the  third  being  pale  red,  and  its  dis- 
tance from  the  first  9". 

|,  or  51  Libra,-  of  the  fourth  or  fifth  mag- 
nitude. This  star  appears  at  first  double,  but 
the  larger  of  the  two  will  be  found  to  consist 
of  two  stars.  They  are  nearly  unequal,  and 
both  white.  With  a  power  of  460  their  dis- 
tance is  \  the  diameter  of  the  larger. 

f°  south  of  58  Aurigse,in  a  line  parallel to 
j3  and  9,  south-east  of  the  bright  star  Capel- 
la. This  is  a  cluster  of  stars  containing  a 
double  star  of  the  second  class  and  one  of  the 
third.  The  two  of  the  second  are  very  un- 
equal, and  both  red.  Their  distance  with  460 
is  2£  diameters  of  the  larger.  Those  of  the 
third  class  are  equal,  and  both  red.  Distance, 
1 1".  Above  20  stars  are  in  view  with  a 
power  of  227. 

A  large  star  1°  preceding  %  towards  41  of 
the  Swan.  The  two  nearest  are  extremely 
unequal.  The  largest  is  white,  and  the 
smallest  pale  red.  Their  distance  with  460 
is  2|  diameters  of  the  largest.  The  third  and 
the  largest  are  extremely  unequal,  and  belong 
to  the  fifth  or  sixth  class. 

South  preceding  27  Swan,  the  middle  of 
three,  the  most  southern  of  which  is  tlie  27. 
This  star  is  quadruple  and  sextuple.  In  the 
quadruple  of  north  preceding  set,  the  two 
nearest  are  very  unequal.  Their  distance 
with  678  is  1 1".  The  two  largest  are  almost 
3  D  2 
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equal,  and  both  red.  Distance,  29£".  In 
the  sextuple  or  south  following  set,  the  two 
largest  are  pretty  unequal,  and  both  red. 
Their  distance  is  19". — The  other  stars  are 
as  small  as  the  smallest  of  the  quadruple  set. 

|°  north  preceding  H  Gemini,  (of  the  fifth 
magnitude,)  in  a  line  parallel  to  ike  65  Orion, 
(in  the  club,  and  of  the  fifth  magnitude,)  and 
I  Taurus,  the  middle  of  the  three.  The  stars 
in  this  quintuple  star  are  in  the  form  of  a  cross. 
The  two  nearest,  or  the  preceding  of  the  five, 
are  extremely  unequal.  Distance  20|". 
There  is  a  very  obscure  star  of  the  third  class 
near  the  last  of  the  three,  in  the  obscure  star 
of  the  cross.  Other  five  stars  are  dispersed 
about  the  quintuple  one. 

Between  fi  and  %  Dolphin,  but  nearer  to  /3> 
All  the  three  stars  are  whitish  red,  and  nearly 
equal.  Distance  of  the  two  nearest  with  a 
power  of  278,  21^". 

Near  27  Cepheus,  near  8>  The  distance 
of  the  two  nearest  of  this  treble  star  is  about  20". 

(3,  or  10  Lyra,  (of  the  third  magnitude, 
and  about  7°  south-east  of  the  bright  star 
Vega.)  The  stars  of  this  quadruple  star  are 
all  white,  the  second,  third,  and  fourth,  inclin- 
ing to  red.  The  first  and  second  are  consider- 
ably unequal ;  the  first  and  third  very  une- 
qual ;  and  the  first  and  fourth  unequal.  Dis- 
tance of  the  first  and  second,  44". 

]3,  or  78  Gemini,  (Pollux.)  The  stars  of 
this  multiple  star  are  extremely  unequal.  The 
nearest  distance  is  1'  57"  ;  the  next  distance 
is  3'  17". 

In  the  Unicorn's  head.  This  multiple  star 
consists  of  one  star  with  about  twelve  around 
it  16°  west  of  Procyon. 

I,  or  16  Cancer.  This  very  minute  treble 
star  requires  very  favourable  circumstances  to 
oe  distinctly  seen.  The  two  stars  of  which 


the  preceding  one  consists  are  considerably 
unequal.  The  largest  of  these  is  larger  than 
the  single  star,  and  the  least  of  the  two  is  less 
than  the  single  star.  The  first  and  second 
largest  and  pretty  unequal,  and  the  second  and 
third  pretty  unequal.  The  two  nearest  are 
pale  red.  They  are  just  separated  with  a 
power  of  278,  and  with  460  their  distance  is 
$  the  diameter  of  the  smaller  one.  Zeta 
Cancri  is  situated  about  12  or  13  degrees 
south-east  of  Pollux,  nearly  in  a  line  parallel 
to  that  which  joins  Castor  and  Pollux,  and 
nearly  the  same  distance  north  by  east  from 
Procyon.  It  appears  as  a  star  of  the  fifth  or 
sixth  magnitude,  and  is  sometimes  distin- 
guished by  the  name  Tegmine.  As  a  double 
star  it  is  easily  distinguished  by  a  power  of 
140,  with  a  3^  feet  achromatic  telescope,  whose 
aperture  is  2|  inches,  and  might  perhaps  be 
seen  with  a  power  of  100.  But  it  requires  a 
much  higher  power  to  distinguish  it  as  a  treble 
star. 

Most  of  the  above  stars  may  be  found  by 
consulting  large  planispheres  of  the  heavens, 
or  a  common  celestial  globe.  To  facilitate 
the  finding  out  of  their  positions,  I  have  in- 
serted in  the  above  list  some  special  directions, 
which  may  perhaps  be  of  use  to  the  astrono- 
mical tyro  who  is  furnished  with  a  moderately 
good  telescope.  It  is  to  be  regretted  that, 
even  on  some  of  our  latest  18-inch  celestial 
globes,  several  of  the  stars  above  referred  to 
are  not  distinctly  marked,  either  with  their 
number  or  with  the  Greek  letters  by  which 
they  are  generally  distinguished,  and  some 
of  them  are  altogether  omitted ;  such,  for  in- 
stance, as  the  celebrated  star  6 1  Cygni,  which 
is  a  double  star,  and  whose  proper  motion  iff 
greater  than  that  of  any  other  star  yet  dis- 
covered in  the  heavens. 


CHAPTER  X 

On  the  Milky  Way, 


As  we  advance  in  our  survey  of  the  distant 
regions  of  the  universe,  the  astonishing  gran- 
deur and  extent  of  the  sidereal  heavens  gra- 
dually opens  to  our  view.  We  have  hitherto 
considered  only  a  few  objects  on  the  outskirts 
of  the  heavens,  in  respect  to  their  distance, 
magnitude,  and  the  wonderful  complication 
of  systematic  motions  which  prevails  among 
them.  Had  we  no  other  objects  to  engage 
our  attention,  ages  might  be  spent  in  con- 
templating and  admiring  the  economy  and 
magnificence  of  those  starry  groups  which  ap- 
pear to  the  unaided  eye  on  the  nearer  bound- 
ary of  our  firmament.  But  all  this  is  visible 
lo  man's  unassisted  vision  is  as  nothing  when 
(594) 


compared  with  the  immensity  of  august  and 
splendid  objects  which  stretch  themselves  in 
boundless  perspective  towards  infinity.  The 
discoveries  of  modern  astronomy  have  en- 
larged the  sphere  of  our  conceptions  far  beyond 
what  could  formerly  have  been  surmised,  and 
opened  to  view  a  universe  boundless  as  its 
Creator,  where  human  imagination  is  lost 
and  confounded,  and  in  which  man  appears 
like  a  mere  microscopic  animalculum,  and  his 
whole  habitation  as  a  particle  of  vapour  when 
compared  to  the  ocean.  In  contemplating 
the  visible  firmament  with  the  unassisted  eye, 
we  behold  only  the  mere  portals,  as  it  wf>*e, 
which  lead  to  the  interior  recesses  of  \\\e  vast 
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Temple  of  Creation.  When  we  direct  our 
views  beyond  these  outer  portals,  by  means  of 
the  most  powerful  telescopes,  we  obtain  a  view 
of  some  of  its  more  magnificent  porches,  and 
a  faint  glimpse  of  those  splendid  apartments 
which  we  shall  never  be  able  to  explore,  but 
which  lead  us  to  form  the  most  august  con- 
ceptions of  the  extent  and  grandeur  of  what 
is  concealed  from  our  view.  In  entering  this 
Temple  "  not  made  with  hands,"  the  splen- 
dour of  its  decorations,  the  amplitude  of  its 
scale,  and  the  awfulness  of  infinitude,  forci- 
bly strike  the  imagination.  There  is  sufficient 
to  awaken  into  exercise  all  the  powers  and 
feelings  of  devotion,  and  to  excite  us  to  fall 
down  into  humility  and  adoration  before  Him 
whose  word  spoke  into  existence  this  astonish- 
ing fabric,  and  "  whose  kingdom  ruleth  over 
all."  These  reflections  may  not  appear  alto- 
gether unappropriate  when  entering  on  a  de- 
scription of  the  Milky  Way,  which  contains  ob- 
jects calculated  to  excite  our  highest  admiration. 
When  we  take  a  general  view  of  the  hea- 
vens about  the  months  of  August,  September, 
and  October,  and  during  the  winter  months, 
we  cannot  fail  observing  a  large,  irregular, 
whitish  zone  stretching  across  the  sky,  with 
a  few  interruptions,  from  one  end  of  the 
firmament  to  another.  This  mighty  zone,  thus 
stretching  itself  around  us,  is  sometimes 
termed  the  galaxy,  sometimes  the  Via  Lactea, 
but  more  frequently,  in  plain  English,  the 
Milky  Way,  from  its  resemblance  to  the 
whiteness  of  milk.  This  luminous  band  is 
visible  to  every  observer,  and  is  the  only  real 
and  sensible  circle  in  the  heavens.  When 
traced  throughout  its  different  directions,  it  is 
found  to  encircle  the  whole  sphere  of  the  hea- 
vens, though  in  some  parts'  of  its  course  it  is 
broader  and  more  brilliant  than  in  others 
It  forms  nearly  a  great  circle  of  the  sphere, 
but  it  coincides  neither  with  our  equator, 
ecliptic,  nor  colures,  nor  with  any  other  arti- 
ficial circles  which  we  conceive  as  drawn 
around  the  firmament.  In  all  ages,  so  far 
as  we  know,  this  wonderful  zone  has  retained 
the  same  position  among  the  constellations  as 
at  the  present  day,  and  is  frequently  alluded 
to  both  by  the  astronomers  and  the  poets  of 
antiquity.  Thus  Ovid,  on  account  of  its  lus- 
tre, represents  it  as  the  high  road  to  heaven, 
or  the  court  of  Jupiter : 

"  A  way  there  is  in  heaven's  extended  plain, 
Which  when  the  skies  are  clear  as  seen  below, 
And  mortals  by  the  name  of  Milky  know  ; 
The  groundwork  is  of  stars,  through  which  the 
Lies  open  to  the  Thunderer's  abode."        [road 

And  Milton,  in  his  "  Paradise  Lost,"  alludes 
to  it  in  these  lines : 

"  A  broad  and  ample  road,  whose  dust  is  gold, 
And  pavement  stars,  as  stars  to  us  appear  ; 
Been  in  the  galaxy  that  Milky  Way, 
Like  to  a  circling  zone  powdered  with  stars. 


This  zone  may  be  traced  in  the  heavens  as 
follows: — Beginning  near  the  northern  quar- 
ter of  the  heavens,  at  the  head  of  Cepheus,  or 
about  30°  from  the  north  pole,  we  may  trace 
it  through  Cassiopeia,  Perseus,  Auriga,  part 
of  Orion,  and  the  feet  of  Gemini.  At  this  last 
point  it  crosses  the  Zodiac,  and  proceeding 
southward  across  the  equinoctial  into  the 
southern  hemisphere,  it  passes  through  the 
Unicorn  and  the  middle  of  the  ship  Argo, 
where  it  is  most  luminous.  It  then  passes 
through  Charles's  Oak,  the  feet  of  the  Cen- 
taur, the  Cross,  the  Altar,  the  tail  of  Scorpio, 
the  bow  of  Sagittarius,  and  apart  of  Ophiuchus. 
Here  it  separates  into  two  branches  as  it  passes 
again  over  the  Zodiac  into  the  northern  hemi- 
sphere. One  branch  runs  through  the  tail  of 
Scorpio,  the  bow  of  Sagittarius,  the  shield  of 
Sobieski,  the  feet  of  Antinous,  Aquila,  Del- 
phinus,  the  Arrow,  and  the  Swan.  The  other 
branch  passes  through  the  upper  part  of  the 
tail  of  Scorpio,  the  side  of  Serpentarius, 
Taurus  Poniatowski,  the  Googe,  and  the  neck 
of  the  Swan,  where  it  again  unites  with  the 
other  branch,  and  passes  on  to  the  head  of 
Cepheus,  the  place  of  its  beginning.  After 
sending  off  the  two  branches  above  mentioned, 
they  unite  again  after  remaining  separate  for 
the  space  of  more  than  100  degrees.  There 
is  another  small  separation  of  the  Milky  Stream 
between  Cassiopeia  and  Perseus.  The  two 
streams  appear  to  leave  a  blank  about  the 
head  of  Perseus,  and  a  considerable  space  on 
each  side  of  it,  to,  the  extent  of  about  thirty 
degrees  in  length,  and  three  in  breadth,  and 
are  again  joined  into  one  stream  in  the  sword 
of  Perseus,  adjacent  to  Cassiopeia.* 

From  the  above  description  it  will  appear 
that  the  form,  breadth,  and  general  appearance 
of  this  zone  are  various  in  different  parts  of 
its  circuit  round  the  heavens.  In  some 
places  it  appears  dense  and  luminous,  in  others 
faint  and  scattered ;  in  certain  points  it  ap- 
pears broad,  and  in  others  narrow.  Its  breadth 
in  some  places,  as  between.  Auriga  and 
Perseus,  is  only  about  four  or  five  degrees  ; 
in  other  places,  as  in  the  southern  parts  of 
Scorpio,  Ara,  and  the  Cross,  its  breadth  is 
from  ten  to  fifteen  or  eighteen  degrees.  It 
assumes  the  appearance  of  a  double  path  from 
the  tail  of  the  Scorpion,  through  the  bow  of 
Sagittarius,  Antinous,  Aquila,  Taurus  Ponia- 
towski, the  Goose,  and  part  of  the  Swan.  It 
is  more  or  less  visible  at  every  season  of  the 
year ;  but  in  Britain  and  in  other  northern  lati- 
tudes it  is  most  conspicuous  during  the  months 
of  August,  September,  and  October,  the  latter 
part  of  July,  and  the  beginning  of  November. 
About  the  middle  of  August,  at  nine  o'clock 
in  the  evening,  it  may  be  seen  stretching  in  an 

*  See  the  direction  of  this  zone  in  the  map  of 
the  stars  on  Mercator's  projection. 
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oblique  direction  over  the  heavens,  from  north- 
east to  south-west,  and  its  apparent  motion 
along  the  heavens  may  be  traced  along  with 
that  of  the  other  constellations.  At  other 
seasons  of  the  year,  and  at  other  hours  of  the 
night,  its  position  and  form  will  appear  some- 
what different.  It  appears  most  brilliant  in 
the  southern  hemisphere,  particularly  in  the 
neighbourhood  of  Argo,  Ara,  and  the  splendid 
constellation  of  the  Cross.  Between  the  tropics, 
where  the  atmosphere  is  clear  and  serene,  it 
appears  most  vivid  and  brilliant.  Mr.  Brydon 
informs  us  that,  from  the  top  of  Etna,  it  ap- 
peared "  like  a  pure  flame  that  shot  across  the 
heavens." 

The  ancients  seem  to  have  conjectured  that 
the  whiteness  of  this  zone  was  owing  to  a 
confluence    of  star* ;  for  Ovid,  in    the  lines 
above  quoted,  says,   "  Its  groundwork  is  of 
stars."     Soon  after  the  invention  of  the  tele- 
scope this  conjecture  was  confirmed,  and  as- 
tronomers were  astonished  at  the  number  of 
stars  which  appeared  in  this  bright  zone  of 
the  heavens ;  and  their  number  appeared  to  be 
increased  in   proportion  to   the   magnifying 
powers  of  their  telescopes.     But  it  was  not 
before  Sir  W.  Herschel  applied  his  powerful 
instruments   to   this  region   of  the  heavens 
that  its  profundites  were  explored,  and  all  its 
minute  nebulous  parts  shown  to  consist  of 
countless  myraids  of  stars,  of  every  apparent 
magnitude,  stretching  onward  to  the  regions 
of  infinity,  till  they  appeared  to  be  lost  to  the 
view,  even  when  assisted  by  the  largest  tele- 
scopes.    On  first  presenting  telescopes  of  con- 
siderable power  to  this  splendid  zone,  we  are 
lost  in  amazement  at  the  number,  the  variety, 
and  the  beautiful  configurations  of  the  stars 
of  which  it  is  composed.     In  certain  parts  of 
it  every  slight  motion  of  the  telescope  presents 
new  groups  and  new  configurations,  and  the 
new  and  wondrous  scene  is  continued  over 
a  space   of  many  degrees  in  succession.     In 
several  fields  of  view,  occupying  a  space  not 
much  more  than  twice  the  breadth  of  the 
moon,  you  perceive  more  of  these  twinkling 
luminaries   than  all   the  stars  visible   to  the 
naked  eye  throughout  the  whole  canopy  of 
heaven.     You  seem  to  penetrate,  as  it  were, 
to  the  remoter  bounderies  of  creation,  and  feel 
bewildered  and  lost  amidst  the  immensity  of 
the   universe.     I   have  never  been  inspired 
with  higher  ideas  of  grandeur  and  sublimity, 
nor  felt  deeper  emotions  of  humility  and  rev- 
erence, than  when  occasionally  contemplating 
this  stupendous  scene  through  telescopes  of 
considerable  brilliancy  and  power.     There  is 
not  another  scene   in   creation,  open  to  the 
view   of  mortals,  calculated   to  fill   the  soul 
with  more  august  conceptions,  or   to  inspire 
it  with  more  profound  admiration  and  awe. 
In  such  surreys  we  behold  "  new  heavens" 
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and  other  firmaments  rising  to  view,  whose 
distances  baffle  the  utmost  stretch  of  imagina- 
tion. 

"  O  what  a  confluence  of  ethereal  fire 

From  suns  unnumbered  down  the  steep  of  heaven 

Streams  to  a  point  and  centres  on  my  sight." 

The  following  contains  a  brief  summary  of 
Sir  W.  Herschel's  observations  on  this  region 
of  the  heavens,  made  with  a  Newtonian  re- 
flecting telescope  of  twenty  feet  focal  length 
and  an  aperture  of  eighteen  inches.   He  found 
that  this  instrument  completely  resolved  all 
the  whitish  appearances  into  stars,  which  the 
telescopes   he   formerly  used  had   not  light 
enough  to  do.     The  portion  he  first  observed 
was  that  about  the  hand  and  club  of  Orion, 
and  he  found  in  this  space  an  astonishing 
number  of  stars,  whose  number   he    endea- 
voured to  estimate  by  counting  many  fields  ,• 
that  is,  the  apparent  space  in  the  heavens  he 
could  see  at  once  through  his  telescope,  and 
computing  from  a  mean  of  these  how  many 
may  be  contained  in  a  given  portion  of  the 
milky  way.     In  the  most  vacant  place  to  be 
met  with  in  that  neighbourhood  he  found  63 
stars;  other  six  fields  contained  110,  60,  70, 
90,  70,  and  74  stars,  a  mean  of  all  which  gave 
79  for  the  number  of  stars  to  each  field ;  and 
then  he  found  that,  by  allowing  fifteen  mi- 
nutes for  the  diameter  of  his  field  of  view,  a 
belt  of  fifteen  degrees  long  and  two  broad, 
which  he  had  often  seen  pass  through   his 
telescope  in  an  hour's  time,  could  not  contain 
less  than  50,000  stars,  large  enough  to  be 
distinctly  numbered ;   besides  which  he  sus- 
pected twice  as  many  more,  which  could  be 
seen  only  now  and  then,  by  faint  glimpses, 
for  want  of  sufficient  light.     The  reader  may 
acquire  some  conceptions   of  this   immense 
number  of  stars  occupying  so  small  a  space, 
if  he  consider  that  it  is  fifty  times  more  than 
all  the  stars  which  the  naked  eye  can  discern 
at  one  time  throughout  the  whole  heavens, 
and  that  the  space  they  occupy  is  only  the 
T^T?th  part  of  the  visible  canopy  of  the  hea- 
vens ;  so  that  if  every  part  of  the  firmament 
were  equally  rich  in  stars,  there  would  be 
within  the  reach  of  such  a  telescope  as  Her- 
schel's no  less  than  68,750,000,  or  sixty-eight 
millions,  seven  hundred  and  fifty  thousand 
stars.     And  we  are  further  to  consider  that  it 
was  only  in  the  comparatively  "  vacant  places" 
of  this  zone  that  the  number  of  stars  above 
stated  were  perceived. 

In  some  of  his  observations  of  other  part? 
of  this  zone,  Sir  W.  Herschel  informs  us  that 
he  descried  a  much  greater  number  of  these 
luminaries  in  a  similar  extent  of  space.  "  In 
the  most  crowded  parts  of  the  Milky  Way," 
he  says,  "  I  have  had  fields  of  view  that  con- 
tained no  fewer  than  588  stars,  and  these 
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were  continued  for  many  minutes,  so  that  in 
one  quarter  of  an  hour's  time  there  passed  no 
less  than  116,000  stars  through  the  field  of 
view  of  my  telescope."  In  order  to  appre- 
ciate this  description,  we  are  to  suppose  the 
telescope  to  have  been  fixed  in  one  position 
at  the  time  of  observation,  and  that  by  the 
diurnal  motion  of  the.  earth,  or  the  apparent 
motion  of  the  heavens,  the  first  field  of  stars 
was  gradually  carried  out  of  view,  and  other 
fields  appeared  in  succession,  till,  in  the  space 
of  fifteen  minutes  of  time  one  hundred  and 
sixteen  thousand  stars  passed  over  the  field 
of  vision.  Now,  the  field  of  view  taken  in 
by  the  telescope  was  only  15'  of  a  degreer  a 
space  which  is  less  than  the  one-fourth  part 
of  the  apparent  size  of  the  moon.  In  this 
narrow  field  were  seen  about  as  many  stars 
as  are  generally  beheld  throughout  the  whole 
sky  by  the  naked  eye  in  a  clear  winter's 
night;  for  although  nearly  a  thousand  stars 
might  be  seen  by  a  very  acute  eye  in  a  clear 
atmosphere,  yet  there  are  few  persons  that  in 
our  climate  could  distinctly  recognize  above 
600  or  700  stars  even  in  a  clear  night.  At 
another  time,  this  indefatigable  astronomer 
perceived  no  less  than  two  hundred  and  fifty- 
eight  thousand  stars  pass  before  his  view  in 
the  course  of  forty-one  minutes.  In  the  space 
between  j3  and  y  of  the  Swan,  the  stars  are 
found  clustering,  with  a  kind  ofadivision  be- 
tween them,  so  that  they  may  be  considered 
as  clustering  towards  two  different  regions. 
In  this  space,  taking  an  average  breadth  of 
about  five  degrees  of  it,  he  found  from  obser- 
vation that  it  contains  more  than  33 1,000  stars, 
which  gives  above  one  hundred  and  sixty- 
five  thousand  for  each  clustering  collection. 

Supposing  the  Milky  Way  to  be,  on  an 
average,  twelve  degrees  broad,  the  whole  of 
it  will  contain  an  area  of  4320  degrees  =  12 
X  360.  Now,  if  the  space  examined  by 
Herschel  between  Beta  and  Gamma  of  the 
Swan  be  about  fourteen  degrees  in  length  and 
five  degrees  in  breadth,  it  will  contain  an  area 
of  seventy  degrees,  which  is  somewhat  less 
than  the  g^st  part  of  the  space  occupied  by 
the  Milky  Way.  Were  we  to  suppose  every 
part  of  this  zone  equally  rich  in  stars  as  the 
space  now  referred  to,  it  will  contain  no  less 
than  20,191,000  stars,  or  more  than  twenty 
thousand  times  the  number  of  those  which 
are  visible  to  the  naked  eye.  The  whole 
visible  heavens,  considered  as  a  spherical 
plane,  contains  an  area  of  41,253  degrees. 
Now,  could  we  suppose  every  portion  of  the 
firmament  to  be  equally  well  replenished  with 
stars  as  the  milky  zone,  there  would  be  more 
than  195,000,000*  of  stars  in  the  heavens 
discernible  by  such  a  telescope  as  Herschel's ; 

*  4  1^25  s   =  589*3  X  331,000  =  195,067,757. 


but  as  there  are  comparatively  few  other  re- 
gions of  the  heavens  so  densely  crowded  with 
stars  as  the  Mill  v  Way,  we  must  make  a 
certain  abatement  fiom  this  estimate,  though 
it  is  probable  there  are  more  than  one  hun- 
dred millions  of  stars  within  the  reach  of  our 
best  instruments  were  all  the  spaces  of  our 
firmament  thoroughly  explored;  and  future 
generations,  with  more  powerful  telescopes, 
may  add  indefinitely  to  the  number.  Had  we 
taken  the  most  crowded  field  of  stars  which 
Herschel  perceived  through  his  telescope 
(namely,  588)  as  our  standard  for  estimating 
their  number,  the  amount  of  stars  in  the 
Milky  Way  would  have  been  forty  millions, 
and  in  the  whole  heavens,  388  millions.  In 
short,  to  use  the  words  of  Sir  John  Her- 
schel— "  This  remarkable  belt,  when  exam- 
ined through  powerful  telescopes,  is  found 
(wonderful  to  relate !)  to  consist  entirely  of 
stars  scattered  by  millions,  like  glittering  dust, 
on  the  black  ground  of  the  general  heavens." 
In  regard  to  the  distances  of  some  of  these 
stars,  we  may  easily  conceive  that  they  are 
immense,  and  consequently  far  removed  from 
our  distinct  comprehension.  Sir  W.  Her- 
schel, in  endeavouring  to  determine  a  "  sound- 
ing line"  as  he  calls  it,  to  fathom  the  depth 
of  the  stratum  of  stars  in  the  Milky  Way, 
endeavours  to  prove,  by  pretty  conclusive 
reasoning,  that  his  twenty  feet  telescope  pe- 
netrated to  a  distance  in  the  profundity  of 
space  not  less  than  497  times  the  distance  of 
Sirius  ;  so  that  a  stratum  of  stars  amounting 
to  497  in  thickness,  each  of  them  as  far  dis- 
tant beyond  another  as  the  star  Sirius  is  dis* 
tant  from  our  sun,  was  within  the  reach  of 
his  vision  when  looking  through  that  tele- 
scope. Now,  the  least  distance  at  which  we 
can  conceive  Sirius  to  be  from  the  earth  or 
the  sun  is  20,000,000,000,000,  or  twenty  bil- 
lions of  miles;  and  consequently  the  most 
distant  stars  visible  in  his  telescope  must  be 
four  hundred  and  ninety-seven  times  this  dis- 
tance, that  is,  9,940,000,000,000,000,  or  nearly 
ten  thousand  billions  of  miles !  Of  such  im- 
mense distance  it  is  evident  we  can  form 
nothing  approaching  to  a  distinct  conception. 
We  can  only  approximate  to  a  rude  and  im- 
perfect idea  by  estimating  the  time  in  which 
the  swiftest  bodies  in  nature  would  move  over 
such  vast  spaces.  Light,  which  is  endowed 
with  the  swiftest  degree  of  motion  yet  known, 
and  which  flies  at  the  rate  of  nearly  twelve 
millions  of  miles  every  minute,  would  require 
one  thousand  six  hundred  and  forty  years  be- 
fore it  could  traverse  the  mighty  interval 
stated  above  ;  and  a  cannon  ball,  flying  at  the 
rate  of  500  miles  an  hour,  would  occupy  more 
than  2,267,855,068,  or  two  thousand,  two 
hundred  and  sixty-seven  millions,  eight  hun- 
dred thousand  years,  in  passing  through  the 
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same  space  ! — a  period  of  years  before  which 
all  the  duration  that  has  passed  since  man 
was  placed  on  this  globj  appears  only  like  a 
few  fleeting  hours,  or  '•  as  an  handbreadth  or 
a  span."* 

Here,  then,  let  us  pause  fv  a  moment,  and 
consider  the  august  spectacle  presented  to 
view.  We  behold  a  few  whitish  spaces  in 
the  firmament,  almost  overlooked  by  a  com- 
mon observer  when  he  casts  a  rude  glance 
upon  the  evening  sky  ; '  yet  in  this  apparently 
irregular  belt,  which  appears  only  like  an  ac- 
cidental tinge  on  the  face  of  the  firmament, 
we  discover,  by  optical  instruments,  what  ap- 
pears to  be  an  amazing  and  boundless  uni- 
verse. We  behold  not  only  ten  thousands, 
but  millions  of  splendid  suns,  where  not  a 
single  orb  can  be  perceived  by  the  unassisted 
eye.  The  distance  at  which  these  luminous 
globes  are  placed  from  our  abode  is  altogether 
overwhelming ;  even  the  most  lively  imagina- 
tion drops  its  wing  when  attempting  its  flight 
into  such  unfathomable  regions.  The  scenes 
of  grandeur  and  magnificence  connected  with 
such  august  objects  are  utterly  overwhelming 
to  such  frail  and  limited  beings  as  man,  and 
perhaps  even  more  exalted  orders  of  intelli- 
gences may  find  it  difficult  to  form  even  an 
approximate  idea  of  objects  so  distant,  so  nu- 
merous, and  so  sublime. 

On  our  first  excursions  into  the  celestial 
regions  we  are  almost  frightened  at  the  idea 
of  the  distance  of  such  a  body  as  Saturn, 
which  a  cannon  ball  projected  from  the  earth, 

*  The  celebrated  Schroeter,  of  Lilienthal,  was 
a  frequent  observer  of  the  stars  which  crowd  the 
Milky  Way.  He  was  in  the  habit  of  observing 
with  one  of  the  largest  reflecting  telescopes  to  be 
found  in  Europe.  This  telescope  was  one  of  the 
finest  ever  constructed,  and  was  the  workmanship 
of  Professor  ;Schrader,  of  Kiel.  The  diameter  of 
the  speculum  was  about  nineteen  inches  ;  it  was 
about  two  inches  in  thickness,  and  towards  the 
edge  cast  conical,  so  that  the  diameter  of  the  po- 
lished surface  is  almost  a  quarter  of  an  inch  less 
than  at  the  back,  which  circumstance  was  consi- 
dered of  the  greatest  utility  in  the  finishing  and 
polishing.  It  had  a  focus  of  twenty-six  feet,  and, 
without  the  frame,  weighed  eighty  pounds.  The 
large  octangular  tube  was  constructed  with  boards, 
mide  impenetrable  to  rain;  and  the  instrument 
when  ready  for  use  was  twenty-seven  fret  long. 
An  immense  quantity  of  apparatus  and  machinery 
was  requisite  for  steadying  and  moving  it.  The 
figure  of  the  speculum  was  so  perfect,  that  it  could 
bear  a  power  of  800  or  1000  times  without  dimi- 
nishing the  aperture.  Its  capability  of  resolving 
the  nebulosity  of  the  Milky  Way  seems  to  have 
equalled  that  of  the  telescopes  of  Herschel.  He 
allowed  twenty  degrees  of  its  length  from  a  Cygni 
to  p;iss  through  the  field,  and  the  sisrht  drew  from 
him  the  natural  exclamation,  "  What  Omnipo- 
tence!"  The  power  on  the  telescope  in  such 
observations  was  179,  and  the  diameter  of  the 
field,  fifteen  minutes  ;  and  the  number  of  stars  it 
contained  at  once  could  never  be  counted.  They 
were  never  estimated  at  less  than  fifty  or  sixty, 
and  often  reached  or  exceeded  150.  He  calculated 
that  the  number  of  stars  visible  through  this  tele- 
tcope  could  not  be  less  than  12,000,000. 


and  flying  with  its  utmost  velocity,  would  not 
reach  in  180  years.  We  are  astonished  at 
the  size  of  such  a  planet  as  Jupiter,  which 
could  contain  within  its  circumference  more 
than  a  thousand  globes  as  large  as  the  earth. 
We  are  justly  amazed  at  the  stupendous  mag- 
nitude ef  the  sun,  which  is  a  thousand  times 
the  size  of  Jupiter,  and  which  illuminates  with 
its  splendour  a  sphere  of  more  than  five  thou- 
sand millions  of  miles  in  circumference.  But 
what  are  all  such  distances  and  dimensions, 
vast  and  amazing  as  they  are,  compared  with 
the  astonishing  grandeur  of  the  scene  before 
us]  They  sink  into  comparative  insignifi- 
cance, and  are  almost  lost  sight  of  amidst  the 
myriads  of  splendid  suns  which  occupy  the 
profundities  of  the  Milky  Way.  What  is  one 
sun  and  one  planetary  system  in  the  presence 
of  ten  millions  of  suns  perhaps  far  more  re- 
splendent, and  of  a  hundred  times  this  num- 
ber of  spacious  worlds  which  doubtless  revolve 
around  them  ?  Yet  this  scene,  stupendous 
as  it  is,  is  not  the  universe.  It  is  perhaps,  as 
we  shall  see,  only  a  comparatively  small  cor- 
ner of  creation,  which  beings  at  an  immensely 
greater  distance  will  behold  as  an  obscure 
and  scarcely  discernible  speck  on  the  out- 
skirts of  their  firmament ;  so  that  amidst  this 
vast  assemblage  of  material  existence  we  may 
say,  in  rtie  language  of  the  inspired  prophet, 
when  speaking  of  the  Almighty,  that  even 
here  is  but  "  the  hiding  of  his  power."  What 
then  must  the  whole  of  creation  be  1  and 
what-  must  be  the  ineffable  splendour  and 
majesty  of  Him  who  laid  the  plan  of  the 
mighty  fabric,  whose  breath  kindled  so  many 
millions  of  suns,  whose  hands  set  in  motion 
so  many  myriads  of  rolling  worlds,  who  sup- 
ports them  in  their  ample  and  diversified 
courses,  and  whose  moral  government  extends 
over  all  1  And  what  is  man,  and  the  globe 
on  which  he  dwells,  amidst  this  scene  of  im- 
mensity and  magnificence  1 — an  atom  in  the 
infinity  of  space — a  particle  of  vapour  com- 
pared to  the  ocean — a  being  who,  in  respect 
to  the  magnificence  of  creation  and  the  grandeur 
of  his  Creator,  is  "  as  nothing,  and  is  counted 
to  him  as  less  than  nothing  and  vanity." 

Yet,  amidst  all  the  magnificence  of  this 
vast  system  of  universal  nature,  man  is  not 
forgotten  by  his  Maker ;  his  hand  supports* 
him,  his  wisdom  guides  him,  and  his  over- 
flowing goodness  provides,  in  a  thousand  dif- 
ferent modes,  for  his  happiness  and  enjoyment. 
He  shares  of  the  Divine  beneficence  and  care 
in  common  with  all  the  bright  intelligences 
that  people  the  amplitudes  of  creation,  and  is 
as  amply  provided  for  as  if  the  Almighty  had 
no  other  world  under  his  superintendence. 
Within  the  moral  government  of  the  Creator 
of  the  universe  he  may  rest  secure  and  confi- 
dent that  he  is  not  overlooked  amidst  the  im- 
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mensity  of  being,  for  his  presence  pervades 
ihe  infinity  of  space,  and  his  knowledge  ex- 
tends to  the  minutest  movements  of  all  his 
creatures.  Under  his  paternal  care,  not  only 
man,  but  the  crawling  worm,  the  fluttering 
insect,  the  little  ant,  and  even  the  microscopic 
animalculum,  find  a  home  and  provisions,  as 
well  as  the  highest  order  of  his  creatures ;  for 
"he  openeth  his  hand  and  supplieth  the 
wants  of  every  living  being." 

Notwithstanding  the  size  of  the  Milky 
Way,  and  the  immense  number  of  stars  of 
which  it  is  composed,  it  is  now  considered  as 
nothing  more  than  one  of  the  nebulae,  or 
starry  systems,  which  appears  to  be  dispersed 
throughout  the  universe.  It  is  supposed,  and 
with  some  reason,  that  it  is  the  nebula,  or  as- 
semblage of  stars,  in  which  our  sun  is  placed. 
Its  situation  in  this  nebula  is  reckoned  to  be, 
not  in  the  centre  of  its  thickness,  but  rather 
towards  one  of  the  sides,  near  the  point  where 
it  diverges  into  two  branches.  According  to 
*'  Fig.  38. 


this  hypothesis,  the  Milky  Way  is  to  be  con- 
sidered as  the  projection  of  the  nebula  upon 
the  concave  surface  of  the  sky,  as  seen  from 
a  point  within  it.  "  We  gather  this,"  says 
Sir  W.  Herschel,  «  from  the  appearance  of  the 
galaxy,  which  seems  to  encompass  the  whole 
heavens,  as  it  certainly  must  do  ii  the  sun  is 
within  the  same  ;  for  suppose  a  number  of 
stars  arranged  between  two  parallel  planes 
indefinitely  extended  every  way,  but  at  a 
given  considerable  distance  from  one  another, 
and  calling  this  a  sidereal  stratum,  an  eye 
placed  somewhere  within  it  will  see  all  the 
stars  in  the  direction  of  the  planes  of  the 
stratum  projected  into  a  great  circle,  which 
will  appear  lucid  on  account  of  the  accumu- 
lation of  the  stars,  while  the  rest  of  the 
heavens  at  the  sides  will  only  seem  to  be 
scattered  over  with  constellations,  more  or  less 
crowded,  according  to  the  distance  of  the 
planes  or  number  of  stars  contained  in  the 
thickness  or  sides  of  the  stratum." 

Thus  if  the  solar  system 
be  supposed  at  S,  in  the 
middle  of  the  nebula  a  b  c 
d  e  f,  with  two  branches,  a 
c,  b  c,  (fig.  38,)  the  nebula 
will  be  projected  into  a 
circle  A  B  C  D,  the  arches 
A  B  C,  A  E  C,  being  the 
projection  of  the  branches 
a  c,  b  c,  while  the  stars 
near  the  sides  of  the  stratum 
will  be  seen  scattered  over 
the  remaining  part  of  the 
heavens  among  the  spaces 
F,  I,  H,  K,  G.  If  the  eye 
were  placed  somewhere 
without  the  stratum,  at  no 
very  great  distance,  the  ap- 
pearance of  the  stars  with- 
in it  would  assume  the  form 
of  one  of  the  lesser  circles 
of  the  sphere,  which  would 
be  more  or  less  contracted 
according  to  the  distance  of 
the  eye;  and  if  this  dis- 
tance were  exceedingly  in- 
creased, the  whole  stratum 
might  at  last  be  drawn  to- 
gether into  a  lucid  spot  of 
any  shape,  according  to  the 
position,  length,  and  height 
of  the  stratum. 

In  order  to  determine 
those  points,  Sir  W.  Her- 
schel put  in  practice  a 
method  which  he  calls  gang- 
irig  the  heavens,  which  con- 
sists in  repeatedly  counting 
the  number  of  stars  in  ihe 
fields  of  view  very  near  each 
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other,  by  which  he  obtained  a  mean  of  the  num- 
ber of  stars  in  that  part  of  the  heavens.  He  then 
proceeds  on  the  supposition  that  the  stars  are 
equally  scattered,  and  from  the  number  of  stars 
in  any  part  of  the  heavens  he  deduces  the 
length  of  his  visual  ray,  or  the  distance  through 
which  his  telescope  had  penetrated,  or,  in 
other  words,  the  distance  of  the  remotest  stars 
in  that  particular  region  of  the  heavens.  To 
illustrate  this,  let  us  suppose  the  Milky  Way 
a  nebula,  and  that  the  sun  is  not  placed  in  its 
centre.  Then,  on  the  supposition  that  the 
stars  are  nearly  equally  scattered,  it  is  evident 
that  the  part  of  the  Milky  Way  where  the 
stars  are  the  most  numerous  extend  furthest 
from  the  sun,  and  the  parts  where  they  are 
less  numerous  must  extend  to  a  less  distance. 
Proceeding  on  these  grounds,  Sir  W.  Her- 
schel  found  the  length  of  his  visual  ray  for 
different  parts  of  the  heavens.  In  some  cases 
he  found  it  equal  to  497  times  the  distance 
of  Sirius,  supposed  to  be  the  nearest  star,  as 
formerly  stated.  The  following  is  a  repre- 
sentation of  a  section  of  the  nebula  of  the 
Milky  Way,  according  to  his  delineation. 
This  section  is  one  which  makes  an  angle  of 
thirty-five  degrees  with  our  equator,  crossing 
it  in  124$  and  304  £  degrees.  A  celestial 
globe  adjusted  to  the  latitude  of  fifty-five  de- 
grees north,  and  having  <r  Ceti  near  the  me- 
ridian, will  have  the  plane  of  this  section 
pointed  out  by  the  horizon.  If  the  solar 
system  (fig.  39)  be  at  S,  the  brightness  of  the 
Milky  Way  will  be  greatest  in  the  directions 
S  a,  Sb,  S  p,  where  the  stars  that  intervene 
are  most  numerous,  or  where  the  visual  ray 
is  longest.  In  the  lateral  directions  S  n,  S  m, 
the  nebulosity  will  not  appear  from  the  small 
number  of  interposing  stars,  and  the  stars, 
though  numerous,  will  appear  more  scattered. 
In  the  direction  £  c,  on  account  of  the  open- 
ing between  a  and  b,  there  will  be  an  empty 
space  contained  between  these  two  branches 
where  the  nebulosity  is  not  observed,  as  is  the 
case  in  the  Milky  Zone  between  ^  Scorpio  in 
the  south  and  y  Cygni  in  the  north,  a  length 
of  about  102  degrees.  The  stars  in  the  bor- 
der, which  are  marked  larger  than  the  rest, 
are  those  pointed  out  by  the  gauges ;  the  in- 
termediate parts  are  filled  up  by  smaller  stars 
arranged  in  straight  lines  between  the  gauged 
ones.  The  circle  around  S  represents  an  ex- 
tent about  forty  times  the  distance  of  the 
nearest  fixed  stars,  which  may  be  considered 
as  comprehending  all  those  which  are  visible 
to  the  naked  eye. 

«  From  this  figure,"  says  Sir  W.  Herschel, 
"we  may  see  that  our  nebula  is  a  very  exten- 
rive  branching,  compound  congeries  of  many 
millions  of  stars,  which  most  probably  owes 
its  origin  to  many  remarkably  large,  as  well 
as  pretty  closely  scattered  small  stars  that 
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may  have  drawn  together  the  rest."  Again— 
"  If  it  were  possible  to  distinguish  betweeu 

Fig.  39. 


the  parts  of  an  indefinitely  extended  whole, 
the  nebula  we  inhabit  might  be  said  to  be  one 
that  has  fewer  marks  of  antiquity  than  any  of 
the  rest.  To  explain  this  idea  more  clearly, 
we  should  recollect  that  the  condensation  of 
clusters  of  stars  has  been  ascribed  to  a  gradual 
approach ;  and  whoever  reflects  on  the  num- 
ber of  ages  that  must  have  passed  before  some 
of  the  clusters  that  are  to  be  found  in  my  in- 
tended catalogue  could  be  so  far  condensed  as 
we  find  them  at  present,  will  not  wonder  if  I 
ascribe  a  certain  air  of  youth  and  vigour  to  very 
many  regularly  scattered  regions  of  our  side- 
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real  stratum.  There  are,  moreover,  many 
places  in  it  in  which,  if  we  may  judge  from 
some  appearances,  there  is  the  greatest  reason 
to  believe  that  the  stars  are  drawing  towards 
secondary  centres,  and  will  in  time  separate 
into  clusters  so  as  to  occasion  many  subdivi- 
sions. Our  system,  after  numbers  of  ages, 
may  very  possibly  become  divided  so  as  to 
give  rise  to  a  stratum  of  two  or  three  hundred 
nebulae  ;  for  it  would  not  be  difficult  to  point 
out  so  many  beginning  or  gathering  clusters 
in  it.  This  throws  considerable  light  upon 
that  remarkable  collection  of  many  hundreds 
of  nebulee  which  are  to  be  seen  in  what  I  have 
called  the  nebulous  stratum  in  Coma  Bere- 
nices. It  appears  from  the  branching  and  ex- 
tended figure  of  our  nebulae,  that  there  is 
room  for  the  decomposed  small  nebulae  of  a 
large  reduced  former  great  one  to  approach 
nearer  to  us  in  the  sides  than  in  any  other 
parts."  ....  "  Some  parts  of  our  system 
seem  indeed  already  to  have  sustained  greater 
ravages  of  time  than  others ;  for  instance,  in 
the  body  of  the  Scorpion  is  an  opening,  or 
hole,  which  is  probably  owing  to  this  cause. 
It  is  at  least  four  degrees  broad,  but  its  height 
I  have  not  yet  ascertained.  It  is  remarkable 
that  the  80th  nebula  of  the  Connoissance  des 
Temps,  which  is  one  of  the  richest  and  most 
compressed  clusters  of  small  stars  I  remember 
to  have  seen,  is  situated  just  on  the  west  bor- 
der of  it,  and  would  almost  authorize  a  sus- 
picion that  the  stars  of  which  it  is  composed 
were  collected  from  that  place,  and  had  left 
the  vacancy." 

The  remarks  in  the  above  paragraph  I 
present  to  the  reader  merely  as  the  opinions 
of  an  illustrious  astronomer  and  an  indefati- 
gable observer  of  celestial  phenomena,  with- 
out vouching  for  the  accuracy  or  probability  of 
such  speculations  and  hypotheses.  To  de- 
termine the  reality  of  such  changes  in  bodies 
so  numerous  and  so  distant,  would  require  an 
indefinite  lapse  of  ages ;  yea,  perhaps  the  re- 
volutions of  eternity  are  alone  sufficient  for 
determining  the  sublime  movements  and 


changes  which  happen  among  the  immense 
assemblages  of  material  existence  which  con- 
stitute the  universe.  There  is  a  high  degree 
of  probability  that  every  thing  within  the 
material  system  is  liable  to  change  of  one 
kind  or  other,  and  that  there  is  no  sun  nor 
world,  among  all  the  myriads  of  globes  which 
replenish  the  sidereal  heavens,  but  what  is 
actually  in  motion, — and  moving,  too,  with 
a  velocity  which  the  inhabitants  of  such  a 
world  as  ours  can  scarcely  appreciate  ;  and 
such  motions,  in  the  course  of  ages,  may  be 
productive  of  a  vast  diversity  of  scenery  in 
different  regions  of  the  universe.  And  if  so, 
it  presents  to  view  another  instance  of  that 
variety  which  the  Creator  has  introduced 
into  his  universal  kingdom  to  gratify  the  un- 
bounded desires  of  intelligent  beings. 

I  shall  conclude  this  chapter  with  the 
following  description  of  the  Milky  Way,  which 
Sir  John  Herschel  has  published  since  his 
residence  in  the  southern  hemisphere : — "  The 
general  aspect  of  the  southern  circumpolar 
region — including  in  that  expression  sixty  or 
seventy  degrees  of  south-polar  distance — is  in  a 
high  degree  rich  and  magnificent,  owing  to  the 
superior  brilliancy  and  larger  developement 
of  the  Milky  Way,  which  from  the  constella- 
tion of  Orion  to  that  of  Antinous  is  in  a  blaze 
of  light,  strangely  interrupted,  however,  with 
almost  starless  patches,  especially  in  Scorpio, 
near  a  Centauri,  and  the  Cross  ;  while  to  the 
north  it  fades  away  pale  and  dim,  and  is  in 
comparison  hardly  traceable.  I  think  it  is 
impossible  to  view  this  splendid  zone,  with  the 
astonishingly  rich  and  evenly  distributed  fringe 
of  stars  of  the  third  and  fourth  magnitudes — 
which  form  a  broad  skirt  to  its  southern  bor- 
der, like  a  vast  curtain — without  an  impres- 
sion amounting  almost  to  a  conviction,  that 
the  Milky  Way  is  not  a  mere  stratum,  but  an 
annulus  ;  or  at  least  that  our  system  is  placed 
within  one  of  the  poorer  or  almost  vacant  parts 
of  its  general  mass,  and  that  eccentrically,  so 
as  to  be  nearer  to  the  parts  about  the  Cross 
than  to  that  diametrically  opposed  to  it." 


CHAPTER  XL 

On  Groups  and  Clusters  of  Stars. 


Os  a  cursory  view  of  the  heavens,  the  stars 
appear  to  be  very  irregularly  scattered  over 
the  concave  of  the  firmament.  In  some  places 
a  considerable  interval  appears  between  neigh- 
bouring stars,  while  in  others  they  appear  so 
crowded  that  the  eye  can  with  difficulty  per- 
ceive the  spaces  between  them.  Even  to  the 
unassisted  eye,  there  are  certain  groups  of  this 
description  which  strike  the  attention  of  every 
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observer,  and  lead  to  the  conclusion  that  the 
stars  of  which  they  are  composed  have  been 
brought  together  by  some  general  law,  and 
not  by  mere  casual  distribution.  Of  these, 
the  group  called  the  Pleiades,  or  Seven  Stars, 
is  the  most  obvious  to  common  observers. 
This  group  is  situated  in  the  constellation 
Taurus,  about  14°  to  the  westward  of  the 
star  Aldebaran  (see  Plate  I.,)  and  may  be  seei. 
3  E  (601) 
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every  clear  evening  fro  n  the  end  of  August 
till  the  middle  of  April.*  It  is  generally 
reckoned  that  only  six  stars  can  be  distinctly 
counted  in  this  group  by  common  eyes,  but 
that  originally  they  consisted  of  seven,  which 
every  one  could  easily  perceive,  and  it  has 
therefore  been  conjectured  that  one  of  them  has 
long  since  disappeared.  To  this  circumstance 
Ovid,  who  lived  in  the  time  of  our  Saviour, 
alludes  in  these  lines : 

"  Now  rise  the  Pleiades,  those  nymphs  so  fair 
Once  seven  numbered,  now  but  six  there  are."f 

In  fabulous  history  it  is  said  that  the  Pleia- 
des the  star  Merope,  one  of  the  Atlantides,  ap- 
pears more  dim  and  obscure  than  the  rest,  or 
is  altogether  extinquished,  because  as  the 
poets  fancy,  she  married  a  mortal,  while  her 
sisters  married  some  of  the  gods  or  their  de- 
scendants. Dr.  Long,  however,  declares  that 
he  Kirnself  had  more  than  once  seen  seven 
stars  in  this  group ;  and  a  learned  astronomi- 
cal friend  assured  him  that  he  had  seen  eight 
stars  among  the  Pleiades,  where  common  eyes 
can  discover  but  six  ;  and  Kepler  says  of  his 
tutor  Maestlinus,  that  "  he  could  reckon  four- 
teen stars  in  the  Pleiades  without  any  glasses." 
This  difference  in  the  number  seen  by  differ- 
ent persons  in  this  group  is  obviously  ow- 
ing to  the  different  degrees  of  acuteness  of 
vision  possessed  by  the  respective  individuals. 
However  small  the  number  perceived  by  the 
naked  eye,  the  telescope  shows  them  to  be  a 
pretty  numerous  assemblage.  Dr.  Hook, 
formerly  professor  of  geometry  in  Gresham 
College,  informs  us  that,  directing  his  twelve- 
feet  telescope  (which  could  magnify  only 
about  seventy  times)  to  the  Pleiades,  he  did 
in  that  small  compass  count  seventy-eight 
stars ;  and  making  use  of  longer  and  more 
perfect  telescopes,  he  discovered  a  great  many 
more  of  different  magnitudes. 

The  ingenious  Mr.  Mitchell,  more  than  fifty 
years  ago,  started  the  idea  of  the  stars  being 
formed  into  groups  or  systems  which  are  en- 
tirely detached  from  one  another,  and  have 
no  immediate  connexion.  In  reference  to  the 
Pleiades,  he  conducted  his  reasoning  as  fol- 
lows : — "  The  Pleiades  are  composed  of  six 
remarkable  stars,  which  are  placed  in  the 
midst  of  a  number  of  others  that  are  all  be- 
tween the  third  and  sixth  magnitudes ;  and 
comparing  this  number  six  with  the  whole 
number  visible  in  the  heavens  to  the  naked 
eye,  he  calculated,  by  the  doctrine  of  chances 
that  among  all  this  number,  if  they  had  been 
dispersed  arbitrarily  through  the  celestial  vault, 
it  was  about  five  hundred  millions  to  one  that 
six  of  them  should  be  placed  together  in  so 
small  a  space.  It  is  therefore  so  many  chances 

*  A  telescopic  view  of  the  Pleiades  is  exhibited 
in  the  Appendix. 

f  "  Qua;  septem  did,  sei  tamen  esse  solem." 
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to  one  that  this  distribution  was  the  result  oj 
design,  or  that  there  is  a  reason  or  cause  io. 
such  an  assemblage." 

The  constellation  called  Coma  Berenices  is 
another  group,  more  diffused  than  the  Plei- 
ades, which  consists  chiefly  of  small  stars 
which  can  scarcely  be  distinguished  in  the 
presence  of  the  moon.  This  beautiful  clmtcr 
lies  about  five  degrees  east  of  the  equinoctial 
colure,  and  midway  between  the  star  Cor 
Curoli  on  the  north-east,  and  Denebola,  in 
the  Lion's  tail,  on  the  south-west.  If  a 
straight  line  be  drawn  from  Benelnasch — the 
star  at  the  extremity  of  the  tail  of  the  Great 
Bear — through  Cor  Caroli,  and  produced  to 
Denebola,  it  will  pass  through  this  cluster.  It 
may  also  be  distinguished  as  situated  about 
twenty-six  degrees  west  by  north  from  the 
bright  star  Arcturus.  The  confused  luslre 
of  this  assemblage  of  small  stars  bears  a  cer- 
tain resemblance  to  that  of  the  Milky  Way, 
and,  besides  the  stars  of  which  it  is  chiefly 
composed,  it  contains  a  number  of  nebulae. 
Sir  W.  Herschel  supposes  that  the  stratum 
of  nebulfe  in  this  quarter  runs  out  a  very  con- 
siderable way,  and  that  it  may  even  make  the 
circuit  of  the  heavens,  though  not  in  one  of 
the  great  circles  of  the  sphere.  He  also  sup- 
poses that  the  situation  of  the  stratum  is 
nearly  at  right  angles  with  the  great  sidereal 
stratum  in  which  the  sun  is  placed,  that  the 
Coma  itself  is  one  of  the  clusters  in  it,  and 
that  it  is  on  account  of  its  nearness  that  it  ap- 
pears to  be  so  scattered.  He  apprehends  thai 
the  direction  of  it  towards  the  north  lies  pro- 
bably, with  some  windings,  through  the  Great 
Bear  onwards  to  Cassiopeia,  thence  through 
the  girdle  of  Andromeda  and  the  Northern 
Fish,  proceeding  towards  Cetus ;  while  to- 
wards the  south  it  passes  through  the  Virgin, 
probably  on  to  the  tail  of  Hydra  and  Cen- 
taurus. 

Another  group,  somewhat  similar,  but  less 
definite,  is  found  in  the  constellation  of  Can- 
cer; it  is  called  Prsesepe,  or  the  Bee  Hive, 
and  is  a  nebulous  cluster  of  very  minute  stars, 
not  separately  distinguishable  by  the  naked 
eye.  A  telescope  of  very  moderate  power, 
however,  easily  resolves  it  into  small  stars.  It 
is  sufficiently  luminous  to  be  seen  as  a  nebu- 
lous speck  by  the  unassisted  eye,  and  is  some- 
what like  the  nucleus  of  a  comet,  for  which  it 
has  frequently  been  mistaken  by  ordinary  ob- 
servers. It  is  situated  in  a  triangular  position 
with  regard  to  Castor  and  Procyon,  or  the 
Little  Dog.  A  line  drawn  from  Procyon  in 
a  north-easterly  direction  meets  with  Praesepe 
at  the  distance  of  twenty  degrees.  This  line, 
drawn  in  a  north-westerly  direction  from  Prae- 
sepe,  meets  Castor  at  the  same  distance 
These  lines  form  nearly  a  right  an^le,  the 
angular  point  being  in  Praesepe.  It  may 
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otherwise  be  discovered  by  means  of  two  stars 
of  the  fourth  magnitude  lying  one  on  either 
side  of  it  at  the  distance  of  about  two  degrees. 
It  may  likewise  be  found  by  conceiving  a  line 
drawn  through  Castor  and  Pollux  to  the  south- 
east, and  continued  about  fifteen  degrees,  or 
three  times  the  distance  between  Castor  and 
Pollux.  This  cluster,  Sir  W.  Herschel  thinks, 
belongs  to  a  certain  nebulous  stratum  so 
placed  as  to  lie  nearest  us.  This  stratum 
runs  from  s  Cancri  towards  the  south,  over 
the  67th  nebula  of  the  Connoissance  des 
Temps,  which  is  a  very  beautiful  and  much 
compressed  cluster  of  stars,  easily  to  be  seen 
by  any  good  telescope,  and  in  which  he  has 
observed  above  200  stars  at  once  in  the  field 
of  view  of  his  great  reflector,  with  a  power  of 
157.  This  cluster  appearing  so  plainly  with 
any  good  common  telescope,  and  being  so 
near  to  the  one  which  may  be  seen  with  the 
naked  eye,  denotes  it  to  be  probably  the  next 
in  distance  to  that  within  the  quartile  formed 
by  y  5  vj  9'  From  the  67th  nebula,  the  stra- 
tum of  Cancer  proceeds  towards  the  head  of 
Hydra. 

I  have  seldom  contemplated  a  more  bril- 
liant and  beautiful  view  in  the  heavens  than 
one  of  the  fields  of  view  of  this  cluster  of  stars. 
With  a  3£  feet  achromatic,  and  a  power  of 
95, 1  have  counted  from  fifty  to  seventy  stars. 
Fifteen  or  twenty  of  the  most  brilliant  of 
these  presented  beautiful  configurations  :  one 
of  them  was  an  equilateral  triangle  ;  another, 
an  isoscelus;  a  third,  nearly  of  the  figure  of 
a  cone  ;  a  fourth,  parallel  lines,  &c.  In  more 
than  two  instances,  three  brilliant  equi-distant 
stars  appeared  in  a  straight  line,  similar  to 
the  belt  of  Orion,  while  a  considerable  num- 
ber of  the  remaining  stars  appeared  extremely 

Fig.  40. 


of  1 10,  this  view  was  rendered  still  more  bril- 
liant. Several  fields  of  view,  nearly  of  this 
description,  may  be  perceived  in  this  cluster. 
Fig.  40  represents  one  of  these  views,  in  which 
some  of  the  smaller  stars  are  omitted.  This 
view  was  taken  with  the  3^  feet  telescope, 
having  an  erect  eye-piece.  The  configura- 
tions appear  somewhat  different  in  their  rela- 
tions to  each  other  when  viewed  with  an  in- 
verting eye-piece. 

Another  cluster  is  found  in  the  sword-han- 
dle of  Perseus,  which  is  crowded  with  stars 
of  a  smaller  size  than  in  the  clusters  already 
noticed,  and  which  requires  a  telescope  of 
greater  power  to  resolve  them  and  show  them 
separated  from  each  other.  Perseus  is  one 
of  the  northern  circumpolar  constellations, 
nearly  opposite  to  the  three  stars  in  the  tail 
of  the  Great  Bear.  A  line  drawn  from  these 
stars  through  the  Pole-star  meets  the  sword 
and  head  of  Perseus  at  nearly  an  equal  dis- 
tance on  the  opposite  side.  It  is  directly 
north  of  the  Pleiades,  between  Andromeda 
and  Auriga.  The  sword  is  in  the  neighbour- 
hood of  Cassiopeia.  A  line  drawn  from  Al- 
genib,  the  brightest  star  in  this  constellation, 
to  the  middle  of  Cassiopeia,  passes  through 
the  sword-handle  where  the  cluster  is  situated, 
which  is  about  midway  between  these  two 
objects. 

If  the  lowermost  of  the  three  small  stars 
which  form  the  sword  of  Orion  be  viewed 
with  a  good  telescope,  a  beautiful  configura- 
tion of  stars  will  be  perceived.  Fig.  4 1  *  re- 
presents the  principal  stars  comprehended  in 
one  field  of  view  at  this  point,  as  taken  with 
a  six  feet  and  a  half  telescope,  with  an  in- 
verting eye-piece,  magnifying  110  times;  it 
exhibits  a  distant  resemblance  of  the  whole 

Fig.  41.* 


•mall.     With  a  6^   feet  achromatic,  whose    constellation  of  Orion  as  seen  by  the  naked 
objec1  glass  is  4  inches  diameter,  and  a  power    eye.     But  in  the  neighbourhood  of  certain 
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parts  of  the  Milky  Way,  particularly  about  the 
regions  in  the  vicinity  of  the  star  Altair  and 
in  the  'constellation  Cassiopeia,  the  stars, 
though  smaller,  are  much  more  numerous. 
With  a  very  moderate  power  on  the  above 
mentioned  telescope,  I  have  had  fields  of  view 
of  from  fifty  to  a  hundred  stars,  some  of  them 
beautifully  arranged,  and  such  fields  conti- 
nued over  a  space  of  several  degrees. 

The  above  may  be  considered  as  speci- 
mens of  groups  of  stars,  which  every  one  pos- 
sessed of  telescopes  may  easily  examine  for 
himself.  They  form  very  beautiful  objects  for 
exhibiting  to  young  people  and  to  amateurs 
in  astronomy;  and  it  cannot  but  strike  the 
mind  with  wonder  and  admiration  to  behold, 
in  one  point  of  view,  within  a  space  little 
more  than  that  of  the  one-fifth  of  the  appa- 
rent size  of  the  moon,  nearly  a  hundred  re- 
splendent suns  emitting  their  effulgence  from 
regions  immeasurably  distant,  and  arranged 
in  beautiful  symmetry  and  order — a  scene  of 
creating  power  surpassing  in  grandeur  ten 
thousand  worlds  such  as  ours,  and  in  which 
our  whole  planetary  system  would  appear 
only  as  the  smallest  twinkling  star.  Such 
telescopic  views  of  the  nocturnal  heavens 
have  a  tendency  to  expand  the  capacity  of 
the  soul,  to  inspire  it  with  magnificent  con- 
ceptions, and  to  raise  its  affections  above  the 
low  ambition  and  paltry  concerns  of  this  tran- 
sitory scene  to  the  distant  and  more  magnifi- 
cent scenes  of  the  Divine  empire.  To  the 
devout  and  contemplative  philosopher  the  fol- 
lowing lines  of  the  poet  may  be  applied : 

"  Not  to  this  evanescent  speck  of  earth 
Poorly  confined — the  radiant  tracks  on  high 
Are  his  exalted  range  ;  intent  to  gaze 
Creation  through,  and  from  that  full  complex 
Of  never-ending  wonders  to  conceive 
Of  the  sole  Being  right,  who  spoke  the  word, 
And  Nature  moved  complete." 

THOMSON'S  Summer. 

Sir  W.  Herschel  makes  a  distinction  be- 
tween groups  and  clusters  of  stars.  A  group 
is  a  collection  of  stars  closely  and  almost 
equally  compressed,  and  of  any  figure  or  out- 
line. There  is  no  particular  condensation  of 
the  stars  to  indicate  the  existence  of  a  central 
force,  and  the  groups  are  sufficiently  separated 
from  neighbouring  stars  to  show  that  they  form 
peculiar  systems  of  their  own.  According  to 
this  definition,  the  congeries  of  stars  I  have 
pointed  out  above  are  to  be  considered  as  be- 
longing to  the  class  of  groups.  Clusters  of 
stars  differ  from  groups  in  their  beautiful  and 
artificial  arrangement  Their  form  is  gene- 
rally round,  and  their  condensation  is  such  as 
to  produce  a  mottled  lustre  somewhat  resem- 
bling a  .mcleus.  The  whole  appearance  of 
a  cluster  indicates  the  existence  of  a  central 
force,  residing  either  in  a  body  or  in  the  centre 
of  gravity  of  the  whole  system.  The  stars  of 
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which  it  is  composed  appear  more  and  mor» 
accumulated  towards  the  centre. 

Many  such  clusters  are  found  in  the 
heavens  invisible  to  the  naked  eye,  and  whose 
existence  as  dim  specks  of  light  can  only  be 
recognized  by  the  assistance  of  optical  instru- 
ments. Telescopes  of  moderate  power  exhibit 
them  only  as  small  round  or  oval  specks, 
somewhat  resembling  comets  without  tails ; 
but  when  these  objects  are  examined  with 
telescopes  of  great  power,  "  they  are  then,"  as 
Sir  John  Herschel  remarks, "  for  the  most  part, 
perceived  to  consist  entirely  of  stars  crowded 
together  so  as  to  occupy  almost  a  definite  out- 
line, and  to  run  up  to  a  blaze  of  light  in  the 
centre,  where  their  condensation  is  usually 
the  greatest."  "  Many  of  them,  indeed,  are 
of  an  exactly  round  figure,  and  convey  the 
complete  idea  of  a  globular  space  filled  full  of 
stars,  insulated  in  the  heavens,  and  consti- 
tuting in  itself  a  family  or  society  apart  from 
the  rest,  and  subject  to  its  own  internal  laws. 
It  would  be  a  vain  task  to  attempt  to  count 
the  stars  in  one  of  these  globular  clusters. 
They  are  not  to  be  reckoned  by  hundreds; 
and  on  a  rough  calculation,  grounded  on  the 
apparent  intervals  between  them  at  the  bor- 
ders (where  they  are  seen  not  projected  on 
each  other)  and  the  angular  diameter  of  the 
whole  group,  it  would  appear  that  many  clus- 
ters of  this  description  must  contain  at  least 
ten  or  twenty  thousand  stars,  compacted  and 
wedged  together  in  a  round  space,  whose  an- 
gular diameter  does  not  exceed  eight  or  ten 
minutes — that  is  to  say,  in  an  area  not  more 
than  a  tenth  part  of  that  covered  by  the 
moon."  The  stars  composing  such  clusters 
appear  to  form  a  system  of  a  peculiar  and 
definite  character.  "  Their  round  figure  clear- 
ly indicates  the  existence  of  some  general 
bond  of  union  in  the  nature  of  an  attractive 
force,  and  in  many  of  them  there  is  an  evi- 
dent acceleration  in  the  rate  of  condensation 
as  we  approach  the  centre,  which  is  not  refer- 
able to  a  merely  uniform  distribution  of  equi- 
distant stars  through  a  globular  space,  but 
marks  an  intrinsic  density  in  their  state  of 
aggregation,  greater  at  the  centre  than  at  the 
surface  of  the  mass." 

Let  the  reader  pause  for  a  moment  on  the 
object  now  described,  and  consider  the  glimpse 
it  affords  us  of  the  immensity  of  the  universe, 
and  of  the  innumerable  globes  of  light  with 
which  it  is  replenished.  A  point  in  the  firma- 
ment, scarcely  perceptible  to  the  unassisted 
eye,  which  a  common  telescope  shows  only  as 
a  small  dim  round  speck,  yet  is  found  by 
powerful  instruments  to  consist  entirely  of 
stars  to  the  number  of  ten  or  twenty  thousand.' 
And  at  what  a  distance  must  such  a  cluster 
be  when  its  stars  appear  to  be  blended  arid 
projected  one  upon  another,  hundreds  of  4hem 
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appearing  only  like  a  lucid  point !  and  yet  the 
distance  between  any  two  of  them  is  perhaps 
ten  thousand  times  greater  than  that  of  Saturn 
from  our  globe.  From  such  a  region  even 
light  itself  must  take  many  thousands  of  years 
ere  it  can  reach  our  world.  In  this  almost  in- 
visible point,  which  not  one  out  of  fifty  thou- 
sand, or  even  one  out  of  a  million  of  earth's 
inhabitants  has  yet  perceived,  what  a  scene 
of  grandeur  and  beneficence  may  be  displayed; 
and  what  a  confluence  of  suns,  and  systems, 
and  worlds  and  intelligences  of  various  orders, 
may  exist,  displaying  the  power  and  wisdom 
and  goodness  of  the  great  Father  of  all ! 
Every  circumstance  connected  with  such  an 
object  shows  that  its  distance  must  be  im- 
measurably great,  and  consequently  the  lumi- 
naries of  which  it  is  composed  immense  in 
magnitude.  But  suns  of  such  size  and  splen- 
dour cannot  be  supposed  to  be  thrown  together 
at  random  through  the  regions  of  infinity, 
without  any  ultimate  design  worthy  of  the 
Creator,  or  without  relation  to  the  enjoyments 
of  intelligent  existence  ;  and  therefore  we  may 
reasonably  conclude  that  ten  thousand  times 
ten  thousands,  and  myriads  of  myriads  of  ex- 
alted intelligences  exist  in  that  far  distant  re- 
gion, compared  with  the  number  of  which  all 
the  inhabitants  of  our  globe  are  but  "  as  the 
drop  of  a  bucket,  or  as  the  small  dust  of  the 
balance." 

In  short,  in  this  dim  and  almost  impercepti- 
ble speck  we  have  concentrated  a  confluence 
of  suns  and  worlds,  at  least  ten  times  surpass- 
ing in  size  and  splendour  the  sun,  moon,  and 
planets,  and  all  the  stars  visible  to  the  naked 
eye  throughout  all  the  spaces  of  our  firma- 
ment! What  then  must  be  the  number  and 
magnitude  of  all  the  other  clusters  which  the 
telescope  has  brought  to  view?  what  the 
number  of  those  which  lie  beyond  the  limits 
of  human  vision  in  the  unexplorable  regions  of 
immensity  1  and  what  must  the  UNIVERSE 
itself  be,  of  which  all  those  numerous  starry 
systems  are  but  an  inconsiderable  part  ?  Here 
the  human  faculties  are  completely  lost  amidst 
the  immensity  of  matter,  magnitude,  motion, 
and  intelligent  existence,  and  we  can  only 
exclaim,  "  Great  and  marvellous  are  thy  works, 
Lord  God  Almighty !" 

Figure  4-1  represents  a  view  of  one  of  the 
clusters  alluded  to  above,  as  seen  in  the  twenty- 
feet  reflector  at  Slough.  Sir  J.  Herschel,  who 
has  given  a  delineation  of  it  in  his  "  Treatise 
on  Astronomy,"  says  "  it  represents,  some- 
what rudely,  the  thirteenth  nebula  of  Me-s- 
sier's  list,  described  by  him  as  nebuleuse  sans 
etoiles"  Its  right  ascension  is  16h  36'; 
and  its  north  declination,  36°  46' ;  by  which 
its  place  may  easily  be  found  on  a  celestial 
globe.  It  is  situated  on  the  constellation  Her- 
cules, between  the  stars  q  and  £.  These  stars 


are  of  the  third  magnitude,  and  lie  north  an  1 
south  of  each  other,  at  the  distance  of  seven 
degrees  and  a  third  ;  they  come  to  the  meri- 
dian about  the  middle  of  July,  at  nine  o'clock 
in  the  evening,  but  of  course  may  be  seen  at 
many  other  periods  of  the  year,  particularly 
in  the  spring  and  autumn.  The  star  y  lies 
about  twenty -two  degrees  nearly  due  west 
from  the  bright  star  Vega  or  a  Lyrae.  In  th« 
map  of  the  stars  on  Plate  II.  it  is  marked  with 
the  letter  a,  and  the  star  £  below  it  with  the 
letter  b.  The  cluster  is  somewhat  nearer  to 
rr  or  the  upper  star,  than  to  the  other.  It  is 
just  perceptible  to  the  naked  eye,  and  with  a 
telescope  of  small  power,  such  as  a  common 
"  night  and  day  telescope,"  it  appears  like  a 
small  round  comet. 

The  following  is  a  list  of  the  places  of  six 
of  the  principal  clusters  of  this  description, 
which  may  be  considered  as  specimens  of 
these  remarkable  objects : 

1.  Right  ascension,  15h  10';  north  declina- 
tion, 2°  44'.     This  cluster  lies  about  eight 
degrees  south-west  from  Unuk,  the  principal 
star  in  the  Serpent,  and  comes  to  the  meridian, 
about  the  middle  of  June,  at  nine  o'clock  in 
the  evening. 

2.  Right  ascension,  13*34';  north  decli- 
nation, 39°   15';  between  the  tail  of  Chara 
and  the  thigh  of  Bootes,  about  twelve  degrees 
north-west  of  Arcturus,  nearly  on  a  line  be- 
tween that  star  and  Cor  Caroli,  but  nearer 
Arcturus. 

3.  Right  ascension,  13h  5';  north  declina- 
tion, 19°  5' ;  in  Coma  Berenices,  fourteen  de- 
grees west  by  south  of  Arcturus.     A   line 
drawn  from  Arcturus  through  y  Bootes  meets 
this  cluster  at  somewhat  more  than  double  the 
distance  of  these  two  stars. 

4.  Right  ascension,  17h  29' ;  south  decli- 
nation, 3°  8' ;  between  the  stars  y  and  p  of 
Serpentarius,  but  nearer  to  the  latter. 

5.  Right   ascension,  2 1'1  25';  south  decli- 
nation, 1  °  34' ;  in  Aquarius,  about  2  degrees 
north  of  q  in  the  west  shoulder,  nearly  in  a 
line  with  s  Pegasi  or  Enif. 

6.  Right  ascension,  2lh  22';  north  declina- 
tion, 11°  26'.     This  cluster  lies  north  from 
No.  5,  at  the  distance  of  thirteen  degrees,  and 
about  three  or  four  degrees  north-west  of  the 
star  Enif,  or  *  Pegasi. 

Such  are  a  few  specimens  of  compressed 
clusters  of  stars.  Sir.  W.  Herschel  has  given 
a  catalogue  of  more  than  a  hundred  of  such 
clusters  dispersed  over  different  parts  of  the 
heavens,  many  of  which  require  powerful 
telescopes  to  resolve  them  into  stars.  These 
clusters  may  be  considered  as  so  many  dis- 
tinct firmaments,  distributed  throughout  the 
spaces  of  immensity,  each  of  them  comprising 
within  itself  an  assemblage  of  stars  far  more 
numerous  than  what  appears  to  the  vulgar 
3s?  (605) 
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eye  throughout  the  whole  face  of  our  noctur- 
nal sky.  To  those  intelligences  that  reside 
near  the  centre  of  such  clusters,  the  stars  con- 
nected with  their  own  cluster  or  system  will 
be  those  which  they  will  chiefly  behold  in 
their  sky  ;  and  in  those  clusters  which  are  of 
a  globular  form,  the  stars  will  appear  nearly 
equally  dispersed  over  the  face  of  their  firma- 
ment. In  those  starry  assemblages  which 
show  a  great  compression  about  the  centre, 
an  immense  number  of  stars  of  the  first  mag- 
nitude will  decorate  their  sky,  and  render  it 
far  more  resplendent  than  that  with  which  we 


are  surrounded — another  instance  of  that  vet' 
ricly  which  distinguishes  all  the  scenes  of 
creation.  Scarcely  any  other  star  will  be  visi- 
ble except  those  which  belong  to  their  own  sys- 
tem. If  the  magnificent  system  of  stars  with 
which  our  sun  is  connected  be  at  all  visible, 
it  will  only  appear  like  a  dim  and  inconsider- 
able speck  in  the  remote  regions  of  immensity, 
or  as  a  small  cluster  or  nebula,  sucli  as  those 
we  perceive  with  difficulty  through  our  tele- 
scopes. Such  are  the  grand,  the  diversified, 
and  wonderful  plans  of  the  Creator  through- 
out his  vast  and  boundless  universe. 


CHAPTER  XII. 

On  the  Different  Orders  of  the  Nebulae. 


SECTION"  I. 
General  Remarks  on  the  Subject  of  Nebulse. 

THE  further  we  proceed  in  our  researches 
into  the  sidereal  heavens,  the  scene  of  Creat- 
ing Power  and  Wisdom  becomes  more  ex- 
pansive and  magnificent.  At  every  step  of 
our  progress  the  prospect  enlarges  far  beyond 
what  we  had  previously  conceived ;  the  mul- 
titude and  variety  of  its  objects  are  indefinitely 
increased ;  new  suns  and  new  firmaments 
open  to  view  on  every  hand,  overwhelming 
the  mind  with  astonishment  and  wonder  at 
the  immensity  of  Creation,  and  leaving  it  no 
room  to  doubt  that,  after  all  its  excursions,  it 
has  arrived  only  at" "  the  frontiers  of  the  Great 
Jehovah's  kingdom."  Wherever  we  turn  our 
eyes  amid  those  higher  regions,  infinity  ap- 
pears to  stretch  before  us  on  either  hand,  and 
countless  assemblages  of  the  most  resplendent 
objects  are  every  where  found  diversifyng 
the  tracts  of  immensity.  To  investigate  such 
objects  in  relation  to  their  number,  magnitude, 
motion,  and  the  laws  by  which  they  are  united 
and  directed  in  their  movements,  completely 
baffles  the  mathematician's  skill,  and  sets  all 
his  hitherto  acquired  powers  of  analysis  at 
defiance,  and  demonstrates  that  we  are  still  in 
the  infancy  of  knowledge  and  of  being.  Here, 
all  finite  measures  fail  us  in  attempting  to 
scan  such  amazing  objects,  and  to  penetrate 
into  such  unfathomable  recesses;  length, 
breadth,  depth,  and  height,  and  time  and  space, 
are  lost.  We  are  justly  filled  with  admiration 
at  the  amazing  grandeur  of  the  Milky  Way, 
where  suns  and  worlds  are  counted  by  MIL- 
LIONS. When  exploring  its  dimensions  and 
sounding  its  profundities,  we  seem  to  have 
got  a  view  of  a  universe  far  more  expansive 
than  what  we  had  previously  conceived  to  be 
the  extent  of  the  whole  creation.  But  what 


shall  we  say  if  this  vast  assemblage  of  starry 
systems  be  found  to  be  no  more  than  single 
nebula,  of  which  several  thousands,  perhaps 
even  richer  in  stars,  have  already  been  dis- 
covered !  and  that  it  bears  no  more  proportion 
to  the  whole  of  the  sidereal  heavens  around 
us,  than  a  small  dusky  speck  which  our  tele- 
scopes enable  us  to  descry  !  Yet  such  is  the 
conclusion  which  we  are  led  to  deduce  from 
the  discoveries  which  have  been  lately  made 
respecting  the  different  orders  of  the  nebulae, 
of  which  I  shall  now  proceed  to  give  a  brief 
description. 

The  word  nebula  literally  signifies  a  cloud, 
or  mist.  This  name  is  now  used  in  astronomy 
to  denote  certain  small  spots,  resembling 
whitish  clouds,  which  are  seen  in  the  starry 
heavens  by  the  telescope,  and  which  present 
different  kinds  of  appearances,  either  that  of 
single  stars  enveloped  in  a  nebulous  veil,  or 
of  groups  of  small  stars,  or  only  the  appear- 
ance of  a  shining  or  glittering  cloud  :  which 
last  are  the  nebulae  properly  so  called.  The 
following  are  some  general  observations  on 
the  Nebulae  by  Sir  William  Herschel.  The 
success  which  accompanied  the  observations 
of  this  eminent  astronomer  in  reference  to  the 
Milky  W  ay,  induced  him  to  turn  his  tele- 
scope to  the  nebulous  parts  of  the  heavens,  of 
which  an  accurate  list  had  been  published  in  the 
Connoissance  dcs  Temps*  for  1783  and  1784. 
Most  of  these  yielded  to  a  Newtonian  reflector 
of  20  feet  focal  distance,  and  12  inches  aper- 

*  Connoissanee  des  Temps,  or  as  it  ii?  some- 
times written,  Connaissance  des  Terns,  literally 
signifies  the  knowledge  of  time.  It  is  the  title  o'f 
an  Almanac,  or  astronomical  ephemeris,  pub- 
lished at  Paris,  on  nearly  the  same  plan  as  the 
"Nautical  Almanac,"  published  at  London. 
The  following  is  the  title  of  one  published  in  the 
year  1825: — "Connaissance  des  Tems,  ou  des 
Mouvemens  Celestes,  a  ITsage  des  Astronome* 
et  des  Navigateurs,  pour  Pan  1828  Publiee  par 
le  Bureau  des  Longitudes."  It  contains  2J6  page*. 
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turc,  which  plainly  discovered  them  to  be 
composed  of  stars,  or  at  least  to  contain  stars, 
and  to  show  every  other  indication  of  their 
consisting  of  them  entirely. 

"  The  nebulae,"  says  he,  "  are  arranged 
into  strata,  and  run  on  to  a  great  length ;  and 
some  of  them  I  have  been  able  to  pursue, 
and  to  guess  pretty  well  at  their  form  and 
direction.  It  is  probable  enough  that  they 
may  surround  the  whole  starry  sphere  of  the 
heavens,  not  unlike  the  Milky  Way,  which 
undoubtedly  is  nothing  but  a  stratum  of  fixed 
stars.  And  as  this  latter  immense  starry  bed 
is  not  of  equal  breadth  or  lustre  in  every  part, 
nor  runs  on  in  one  straight  direction,  but  is 
curved  and  even  divided  into:  two  streams 
along  a  very  considerable  portion  of  it,  we  may 
likewise  expect  the  greatest  variety  in  the 
strata  of  the  clusters  of  stars  and  nebula.  One 
of  these  nebulous  beds  is  so  rich,  that  in  pass- 
ing through  a  section  of  it,  in  the  time  of  only 
thirty-six  minutes,  I  have  detected  no  less 
than  thirty-one  nebulae  all  distinctly  visible 
upon  a  fine  blue  sky.  Their  situation  and 
shape,  as  well  as  condition,  seem  to  denote 
the  greatest  variety  imaginable.  In  another 
stratum,  or  perhaps  a  different  branch  of  the 
former,  I  have  seen  double  and  treble  nebulae 
variously  arranged;  large  ones  with  small, 
seeming  attendants  ;  narrow  but  much  ex- 
tended lucid  nebulae  or  bright  dashes ;  some 
of  the  shape  of  a  fan,  resembling  an  electric 
brush  issuing  from  a  lucid  point ;  others  of 
the  cometic  shape,  with  a  seeming  nucleus  in 
the  centre,  or  like  cloudy  stars  surrounded 
with  a  nebulous  atmosphere.  A  different  sort 
again  contain  a  nebulosity  of  the  milky  kind, 
like  that  wonderful  inexplicable  phenomenon 
about  6  Orionis.;  while  others  shine  with  a 
fainter  mottled  kind  of  light,  which  denotes 
their  being  resolvable  into  stars." 

"In  my  late  observations  on  nebulae,"  says 
Sir  William  on  another  occasion,  "  I  have 
found  that  I  generally  detected  them  in  certain 
directions  rather  than  in  others ;  that  the 
spaces  preceding  them  were  generally  quite 
deprived  of  their  stars,  so  as  often  to  afford 
many  fields  without  a  single  star  in  it ;  that 
the  nebulae  generally  appeared  sometime  after 
among  stars  of  a  certain  considerable  size, 
and  but  seldom  among  very  small  stars  ;  and 
when  I  came  to  one  nebulae,  I  generally  found 
several  more  in  the  neighbourhood  ;  that 
afterwards  a  considerable  time  passed  before 
I  came  to  another  parcel.  These  events 
being  often  repeated  in  different  altitudes  of 
my  instrument,  and  some  of  them  at  considera- 
ble distances  from  each  other,  it  occurred  to 
me  that  the  intermediate  spaces  between  the 
sweeps  might  also  contain  nebulae ;  and  finding 
this  to  hold  good  more  than  once,  I  ventured 
to  give  notice  to  my  assistant  at  the  clock 


that  '  I  found  myself  on  nebulous  ground.'  " 
From  these  observations  of  Herschel,  it  appears 
that  the  nebulae  are  not  dispersed  indiscrimi- 
nately through  the  heavens,  but  are  found  in 
certain  regions  and  directions  rather  than  in 
others,  and  that,  as  formerly  stated,  they  pro- 
bably make  the  circuit  of  the  heavens, 
intersecting  at  a  certain  angle  the  Milky 
Way. 

More  than  eighty  years  ago,  it  was  sug- 
gested by  the  celebrated  mathematician  and 
astronomer,  M.  Lambert,  in  his  "  Letters  on 
Cosmogony,"  that  all  the  stars  in  the  universe 
are  collected  into  systems ;  that  all  the  systems 
are  in  motion ;  that  the  individual  stars  or 
suns  of  each  system  move  round  a  common 
centre  of  gravity,  which  may  possibly  be  a 
large  opaque  globe  ;  and  that  all  the  systems 
of  the  universe,  as  one  related  system,  revolve 
around  some  GRAND  CENTRE,  common  to  the 
whole.  "  All  those  systems  of  worlds,"  says 
this  astronomer,  "  resemble,  though  on  a  small 
scale,  the  solar  system,  inasmuch  as  in  each 
the  stars  of  which  it  is  composed  revolve 
round  a  common  centre,  in  the  same  manner 
as  the  planets  and  comets  revolve  round  the 
sun.  It  is  even  probable  that  several  indi- 
vidual systems  concur  in  forming  more  gene- 
ral systems,  and  so  on.  Such,  for  example, 
as  are  comprehended  in  the  Milky  Way,  will 
make  compotent  parts  of  a  more  enlarged 
system ;  and  this  way  will  belong  to  other 
milky  ways,  with  which  it  will  constitute  a 
whole.  If  these  last  are  invisible  to  us,  it  is 
by  reason  of  their  immense  distance.  It  would 
not  be  at  all  astonishing,  if  milky  ways, 
situated  still  further  from  us  in  the  depth  of 
the  heavens,  should  make  no  impression  on 
the  eye  whatever."  Again — "  The  sum  of  the 
milky  ways  taken  together  have  their  common 
centre  of  revolution ;  but  how  far  soever  we 
may  thus  extend  the  scale  we  must  necessarily 
stop  at  last ;  and  where  1  At  the  centre  of 
centres,  at  the  centre  of  creation,  which  I 
should  be  inclined  to  term  the  capital  of  the 
universe,  inasmuch  as  thence  originates  mo- 
tion of  every  kind,  and  there  stands  the  great 
wheel  in  which  all  the  rest  have  their  inden- 
tation. From  thence  the  laws  are  issued 
which  govern  and  uphold  the  universe,  or, 
rather,  there  they  resolve  themselves  into  one 
law  of  all  others  the  most  simple.  But  who 
would  be  competent  to  measure  the  space  and 
time  which  all  the  globes,  all  the  worlds,  all 
the  worlds  of  worlds,  employ  in  revolving 
round  that  immense  body — the  Throne  of 
Nature  and  the  Footstool  of  the  Divinity  ! 
What  painter,  what  poet,  what  imagination 
is  sufficiently  exalted  to  describe  the  beauty, 
the  magnificence,  the  grandeur  of  this  source 
of  all  that  is  beautiful,  great,  magnificent,  and 
from  which  order  and  harmony  flow  in  eternal 
(607) 
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streams  through  the  whole  bounds  of  the 
universe." 

The  discoveries  made  by  Sir  W.  Herschel 
in  reference  to  the  nebulae  have  in  part  real- 
ized some  of  the  views  suggested  by  Lambert 
in  regard  to  the  general  arrangements  of  the 
systems  of  the  universe.  They  afford  con- 
vincing evidence  that  the  stars  are  not  dis- 
persed as  it  were  at  random,  in  a  kind  of 
magnificent  confusion,  but  are  distributed  sys- 
tematically, in  immense  clusters,  throughout 
the  regions  of  boundless  space. 

There  are  various  forms  and  classes  of  ne- 
bulae which  we  shall  notice  in  the  sequel,  but 
they  may  all  be  reduced  to  two  great  classes, — • 
the  resolvable  and  irresolvable  ,•  that  is,  those 
which  may  be  resolved  into  clusters  of  stars 
by  powerful  telescopes,  and  those  which  no 
telescope  hitherto  constructed  has  yet  been 
able  to  resolve  into  starry  groups. 

Prior  to  Sir  W.  Herschel's  observations  on 
the  nebulas,  about  a  hundred  of  these  objects 
had  been  descried  in  different  parts  of  the 
heavens,  of  which  an  account  had  been  given 
by  Messier,  as  formerly  stated.  About  2000 
more  were  afterwards  discovered  by  the  un- 
wearied exertions  of  our  British  astronomer, 
a  description  of  which  was  inserted  at  differ- 
ent periods  in  the  Philosophical  Transactions. 
The  places  of  these  were  afterwards  computed 
from  his  observations,  and  arranged  into  a 
catalogue,  in  the  order  of  right  ascension,  by 
his  sister,  Miss  Caroline  Herschel,  a  lady  sin- 
gularly eminent  for  her  astronomical  know- 
ledge, who  assisted  him  in  all  his  sidereal 
labours  and  discoveries,  and  was  herself  a  dis- 
coverer of  several  interesting  celestial  pheno- 
mena, particularly  comets.  Her  illustrious 
nephew,  Sir  John  Herschel,  read  a  paper  be- 
fore the  Royal  Society  in  November,  1 833,  in 
which  he  gives  the  places  of  2500  nebulae,  or 
clusters  of  stars,  of  which  500  were  detected 
by  his  own  observations,  the  rest  having  been 
accurately  determined  by  his  father.  Besides 
these,  more  than  500  nebulae  have  been  dis- 
covered in  the  southern  hemisphere  of  the 
heavens,  of  which  the  Magellanic  clouds  are 
the  most  conspicuous  and  the  most  remark- 
able. They  are  three  in  number,  two  of  them 
being  near  each  other ;  the  largest  is  at  a  con- 
siderable distance  from  the  south  pole,  but  the 
other  two  are  only  eleven  degrees  distant. 
To  the  naked  eye,  they  appear  like  portions 
of  the  Milky  Way. 

These  nebulae  have  great  variety  of  forms : 
some  are  comparatively  bright,  and  others  so 
obscure  as  to  render  it  difficult  to  detect  them 
in  the  field  of  the  telescope,  or  to  ascertain 
their  shape.  Some  of  them  appear  round, 
some  oval,  and  others  of  a  long  elliptic  shape ; 
some  exhibit  an  annular  form,  like  luminous 
rings,  and  others  like  an  ellipses  with  a  dark 
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space  in  the  centre ;  but  the  greater  number 
approximate  to  a  roundish  form.  Of  the  103 
nebulae  inserted  in  Messier's  list,  eighteen 
were  known  at  the  time  to  consist  of  small 
stars ;  but  Sir  W.  Herschel  afterwards  found 
twenty-six  more  of  them  to  consist  purely  of 
clusters  of  stars,  eighteen  of  small  stars  ac- 
companied with  nebulosity,  and  the  remainder 
not  resolvable  into  stars  by  the  highest  powers 
of  his  telescopes.  It  is  evident  that  these  ob- 
jects, however  apparently  small  and  obscure, 
must  be  bodies  of  immense  magnitude,  when 
we  take  into  consideration  the  vast  distance 
at  which  they  must  be  placed  from  our  globe. 
The  following  are  Sir  W.  Herschel's  views 
on  this  point: 

"  My  opinion  of  their  size  is  grounded  on 
the  following  observations : — There  are  many 
round  nebulas  of  about  five  or  six  minutes  in 
diameter,  the  stars  of  which  I  can  see  very 
distinctly ;  and  on  comparing  them  with  the 
visual  ray  calculated  from  some  of  my  long 
gauges,  I  suppose,  by  the  appearance  of  the 
small  stars  in  those  gauges,  that  the  centres 
of  these  round  nebulae  may  be  600  times  the  •* 
distance  of  Sinus  from  us."  He  then  goes 
on  to  show  that  the  stars  in  such  nebulae  are 
probably  twice  as  much  condensed  as  those 
of  our  system,  otherwise  the  centre  of  it 
would  not  be  less  than  6000  times  the  dis- 
tance of  Sirius,  and  that  it  is  possibly  much 
underrated  by  supposing  it  only  600  times 
the  distance  of  that  star.  "  Some  of  these 
round  nebulae  have  others  near  them,  per- 
fectly similar  in  form,  colour,  and  the  distri- 
bution of  stars,  but  of  only  half  the  diameter ; 
and  the  stars  in  them  seem  to  be  doubly 
crowded,  and  only  at  about  half  the  distance 
from  each  other.  They  are  indeed  so  small 
as  not  to  be  visible  without  the  utmost  atten- 
tion. I  suppose  these  miniature  nebulae  to 
be  at  double  the  distance  from  the  first.  An 
instance  equally  remarkable  and  instructive  is 
a  case  where,  in  the  neighbourhood  of  two 
such  nebulae  as  have  been  mentioned,  I  met 
with  a  third  similar,  resolvable,  but  much 
smaller  and  fainter  nebula.  The  stars  of  it 
are  no  longer  to  be  perceived ;  but  a  resem- 
blance of  colour  with  the  former  two,  and  its 
diminished  size  and  light,  may  well  permit  us 
to  place  it  at  full  twice  the  distance  of  the  se- 
cond, or  about  four  or  five  times  the  distance 
of  the  first ;  and  yet  the  nebulosity  is  not  of 
the  milky  kind,  nor  is  it  so  much  as  difficultly 
resolvable  or  colourless.  Now  in  a  few  of 
the  extended  nebulae,  the  light  changes  gra- 
dually, so  as  from  the  resolvable  to  approach 
to  the  milky  kind ;  which  appears  to  rne  an 
indication  that  the  milky  light  of  nebulae  is 
owing  to  their  much  greater  distance.  A  ne- 
bula, therefore,  whose  light  is  perfectly  milky 
cannot  well  be  supposed  to  be  at  less  than 
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six  or  eight  thousand  times  the  distance  of 
Sirius ;  and  though  the  numbers  here  assumed 
are  not  to  be  taken  otherwise  than  as  very 
coarse  estimates,  yet  an  extended  nebula 
which  in  an  oblique  situation,  where  it  is  pos- 
sibly foreshortened  by  one-half,  two-thirds,  or 
three-fourths  of  its  length,  subtends  a  degree 
or  more  in  diameter,  cannot  be  otherwise  than 
of  a  wonderful  magnitude,  and  may  well 

OUTVIE  OUR  MII.KT  WAY  IX  GRAXDEUR." 

It  appears  to  be  a  very  natural  conclusion, 
that  the  nebulae  which  are  perfectly  similar  in 
form,  colour,  and  the  distribution  of  stars,  but 
only  half  the  diameter,  and  the  stars  doubly 
crowded,  are  about  double  the  distance  from 
the  first.  And  if  the  distance  of  the  larger 
nebulae,  whose  stars  are  distinctly  seen,  be  at 
least  600  times  the  distance  of  Sirius,  as 
there  is  every  reason  to  believe,  then  the  dis- 
tance of  those  which  are  only  half  the  dia- 
meter must  be  about  1200  times  the  distance 
of  that  star ;  that  is  at  the  very  least,  24,000,- 
000,000,000,000,  or  twenty-four  thousand 
billions  of  miles.  But  the  nebulae  whose  light 
is  "  perfectly  milky,"  or  so  far  removed  from 
us  that  the  stars  of  which  they  are  composed 
cannot  be  separately  distinguished,  may  be 
justly  considered  as  seven  thousand  times  the 
distance  of  Sirius,  or,  in  numbers,  168,000,- 
000,000,000,000,  or  one  hundred  and  sixty- 
eight  thousand  billions  of  miles ! — a  distance 
of  which  we  can  have  no  distinct  conception. 
Light,  notwithstanding  its  amazing  velocity, 
would  be  nearly  thirty  thousand  years  ere  it 
could  fly  from  such  nebulse  to  the  earth ;  and 
a  cannon  ball,  with  its  utmost  velocity,  would 
require  more  than  thirty-eight  thousand 
millions  of  years  before  it  could  move  over 
an  equal  space.  Since  the  distance  of  these 
nebulae  is  so  immense,  and  since  those  which 
are  among  the  largest  and  nearest  arc  found 
by  actual  observation  to  be  composed  of  count- 
less numbers  of  stars,  leaving  us  no  room  to 
doubt  that  the  most  distant  are  also  immense 
systems  of  stars,  how  great  must  be  the  mag- 
nitude, and  how  inexpressible  the  grandeur, 
of  the  numerous  luminaries  of  which  they  arc 
composed ! 

I  have  stated  above  that  more  than  three 
thousand  nebulse  have  already  been  discovered, 
and  whose  places  in  the  heavens  have  been 
accurately  determined,  so  that  those  who  have 
access  to  powerful  telescopes  may  have  an 
opportunity  of  observing  the  greater  part  of 
them.  From  all  the  observations  made  by 
Sir  W.  Herschel,  he  is  of  opinion  that  our 
nebula,  or  the  Milky  Way,  is  not  the  most 
considerable  in  the  universe ;  and  he  points 
out  some  very  remarkable  nebulae  which  in 
his  opinion  cannot  be  less,  but  are  probably 
much  larger,  than  that  of  which  our  own  sun 
and  system  form  a  part.  Now,  on  these 
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grounds  let  us  consider  what  must  be  the  ex- 
tent and  magnitude  of  only  the  visible  uni- 
verse. Supposing  the  number  of  stars  com- 
posing the  Milky  Way  to  be  ten  millions, 
which  is  only  half  the  number  formerly  as- 
signed, (p.  73),  and  that  each  of  the  nebula 
at  an  average  contains  the  same  number; 
supposing,  further,  that  only  two  thousand  of 
the  three,  thousand  nebul®  are  resolvable  into 
clusters  of  stars,  and  that  the  other  thousands 
are  masses  of  a  shining  fluid  not  yet  con- 
densed into  distinct  luminous  globes ;  the 
number  of  stars,  or  suns,  comprehended  in  that 
portion  of  the  firmament  which  is  within  the 
reach  of  our  telescopes  would  be  20,000,000,- 
000,  or  twenty  thousand  Millions,  which  is 
twenty  millions  of  times  the  number  of  all  the 
stars  visible  to  the  naked  eye. 

Great  as  the  number  is,  and  magnificent 
and  overpowering  as  the  ideas  are  which  it 
suggests  of  the  extent  of  creation,  yet  these 
vast  assemblages  of  systems  may  be  no  more 
than  as  a  single  nebula  to  the  whole  visible 
firmament,  or  even  as  a  grain  of  sand  to  the 
whole  earth,  compared  with  what  lies  beyond 
the  range  of  human  vision,  and  is  hid  from 
mortal  eye  in  the  boundless  and  unexplored 
region  of  immensity  !  Beyond  the  bounda- 
ries of  all  that  will  ever  be  visible  to  the  in- 
habitants of  our  globe,  an  infinite  region 
exists,  in  which  we  have  every  reason  to  be- 
lieve the  Deity  sits  enthroned  in  all  the 
grandeur  of  his  overflowing  goodness  and 
omnipotence,  presiding  over  innumerable  sys- 
tems, far,  surpassing  in  magnificence  what 
"  eye  hath  yet  seen"  or  th°.  most  brilliant  in- 
tellect can  conceive.  For  \  e  ought  never  for 
a  moment  to  surmise  that  the  operations  of 
Almighty  Power  are  exhausted  at  the  point 
where  the  efforts  of  genius  and  art  can  no 
longer  afford  us  assistance  in  tracing  the  foot- 
steps of  the  Divinity  through  the  mysterious 
regions  of  infinitude ;  nor  should  we  ever  sup- 
pose that  man,  placed  on  such  a  diminutive 
ball  as  the  earth,  and  furnished  with  powers 
of  so  limited  a  nature  as  those  with  which  he 
is  now  invested,  will  ever  be  able  to  grasp 
the  dominions  of  Him  who  fills  immensity 
with  his  presence,  and  "  whose  ways  are  past 
finding  out." 

SECTIOK  II. 
On  the  various  kinds  of  lrebulx, 

I  have  already  alluded  to  the  different 
shapes  or  forms  of  nebulae.  These  objects, 
on  account  of  their  appearing  with  different 
degrees  of  lustre,  and  assuming  a  great  variety 
of  shapes  and  modifications,  have  been  ar- 
ranged into  different  classes. 

1.  The  first  class  is  that  of  clusters  of  stars. 
in  which  the  separate  stars  are  clearly  distin- 
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guished  by  good  telescopes.     This  class  is 
again  divided  into  globular  clusters,  or  those 


45 


where  one  species  ends  and  the  other  begins." 
Fig.  41,  formerly  referred  to,  represents  one 
of  the  globular  clusters  in  the  constellation 
Hercules.  Fig.  42  is  a  view  of  a  curious  but 
somewhat  irregular  group,  seen  in  the  southern 
hemisphere,  as  sketched  by  Mr.  Dunlop,  at 
Paramatta,  New  South  Wales.  It  is  the  30 
Doradus,  or  Xipheas,  and  is  rather  a  singular 
object,  but  evidently  a  large  cluster  of  stars, 
presenting  two  or  three  very  condensed  strata, 
as  if  they  were  crowded  to  excess  by  an  im- 
mense confluence  of  stars. 

2.  Another  class  is  that  termed  resolvable 
nebulae,  or  those  which  lead  us  to  suppose 
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which  appear  of  a  roundish  form,  and  some- 
what compressed  towards  the  centre ;  and  irreg- 
ular clusters,  or  those 
which  are  neither 
circular  nor  ellipti- 
cal, bui  of  a  scmewhat 
indefinite  or  angular 
form.  These  last  are 
generally  less  rich  in 
stars,  and  less  con- 
densed towards  the 
centre,  and  are  like- 
wise less  definite  in 
42  their  outline,  so  that 
their  termination  in 
many  cases  cannot  be 
distinctly  perceived. 
In  some  of  them  the 
stars  are  nearly  all  of 
the  same  size,  in  others 
extremely  different; 
and  "  it  is  no  uncom- 
mon thing,"  says  Sir 
J%.  Herschcl,  "  to  find 
a  very  red  star,  much 
brighter  than  the  rest, 
occupying  a  conspicu- 
ous situation  in  them." 
Sir  W.  Herschel  re- 
gards  these  as  globu- 
44  lar  clusters  in  a  less 
advanced  state  of  con- 
densation, conceiving 
all  such  groups  as  ap- 
proaching, by  their 
mutual  attraction,  to 
the  globular  figure, 
and  assembling  them- 
selves together  from 
all  the  surrounding 
region,  under  laws  of 
which  we  have  no 
46  other  proof  than  the 
observance  of  a  gra- 
dation by  which  their 
characters  shade  into 
one  another,  so  that  it 
is  impossible  to  say 
that  they  consist  of  stars  which  would  be  sepa- 
rately distinguishable  by  an  increase  of  light 
and  magifying  power  in  the  telescope.  These 
may  be  considered  as  clusters  too  remote  to 
be  distinctly  seen,  the  stars  composing  which 
are  either  too  faint  in  their  light  or  too  small 
in  size  to  make  a  definite  impression  upon 
the  organs  of  vision.  They  are  almost  uni- 
versally round  or  oval,  which  is  supposed  to 
be  owing  to  their  loose  appendages  and  irregu- 
larities of  form  being  extinguished  by  their 
distance,  the  general  figure  of  the  central  or 
more  condensed  parts  being  only  discernible 
"  It  is  under  the  appearance  of  objects  of  thi* 
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character,"  says  Sir  J.  Herschel,  "that  all 
the  greater  globular  clusters  exhibit  them- 
selves in  telescopes  of  insufficient  optical  power 
to  show  them  well ;  and  the  conclusion  is  ob- 
vious that  those  which  the  most  powerful  can 
barely  render  resolvable,  would  be  completely 
resolved  by  a  further  increase  of  instrumental 
force. 

3.  Besides  the  above,  there  is  an  immense 
variety  of  nebula,  properly  so  called,  which 
no  telescopes  have  hitherto  been  able  to  re- 
solve into  stars,  and  which  is  supposed  to  be 


a  species  of  matter  diffused  throughout  infi- 
nite space,  in  various  portions  and  degrees  of 
condensation,  and  which  may,  in  the  course 
of  ages,  be  condensed  into  stars  or  starry  sys- 
tems. The  following  is  a  description  of  some 
of  the  more  remarkable  varieties  of  this  class 
of  nebulae. 

Fig.  43  represents  a  nebula  of  an  elliptical 
or  spindle-like  form.  It  is  visible  to  the  naked 
eye  in  a  clear  night,  when  the  moon  is  absent, 
and  has  sometimes  been  mistaken  for  a  small 
comet.  It  appears  like  a  dull,  cloudy,  undefined 


PLATE  Y. 

MINIATURE  MAP  OP  THE  HEAVENS,  ON   MERCATOR'S  PROJECTION,   SHOWING  THE 
COURSE  OF  THE  MILKY  WAY. 


spot  upon  the  concave  of  the  firmament,  and 
has  sometimes  been  compared  to  the  light  of 
a  small  candle  shining  through  horn.  Its 
central  parts  appear  brightest,  but  its  light 
gradually  fades  towards  each  extremity.  A 
few  small  stars  appear  adjacent  to  it,  and  even 
within  its  boundaries,  but  it  appears  pretty 
evident  that  they  have  no  immediate  con- 
nexion with  the  nebula.  Its  form,  as  here  de- 
lineated, may  be  seen  with  a  telescope  of 
moderate  power,  but  no  telescope  hitherto 
constructed,  even  with  the  highest  powers 
that  could  be  applied,  has  yet  been  sufficient 
to  resolve  it  into  stars.  In  size,  it  is  nearly 
half  a  degree  long,  and  12  or  15  minutes 


broad.  Though  the  figure  of  this  object  ap- 
pears oval  or  elliptical,  it  is  not  unlikely  that 
it  is  in  reality  nearly  of  a  globular  figure,  and 
that  its  oval  appearance  is  owing  to  its  posi- 
tion with  regard  to  our  eye.  This  nebula  is 
situated  in  the  girdle  of  Andromeda,  within  a 
degree  or  two  of  the  star  v  of  that  constella- 
tion. It  is  about  15°  nearly  west  from  Air 
maath,  and  8°  north  by  west  of  Merach,  with 
which  stars  it  forms  nearly  a  right-angled  tri- 
angle. It  may  be  seen  in  a  north-westerly  di- 
rection in  the  evenings  of  the  months  of  Jan- 
uary, February,  and  March,  at  a  considerable 
elevation.  It  comes  to  the  meridian  about  the 
middle  of  November,  at  nine  o'clock  in  the 
(6  in 
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evening.  Its  right  ascension  is  O1'  33' ;  and 
north  declination,  40°  20'.  This  nebula  may 
be  considered  as  a  representative,  on  a  large 
scale,  of  a  numerous  class  of  nebulae,  which 
increases  more  or  less  in  density  towards  the 
central  point.  The  representation  of  it  in  the 
plate  is  somewhat  longer  and  narrower  than  it 
appears  through  a  telescope  magnifying  140 
times. 

Fig.  44  represents  a  kind  of  elliptical  ne- 
bula, with  a  vacancy  of  a  lenticular  form  in 
the  centre.  It  is  pretty  evident  that  such 
nebulae  are  in  reality  large  rings,  which  appear 
of  an  oval  or  lenticular  form  in  consequence 
of  their  lying  obliquely  to  our  line  of  vision. 
This  is  undoubtedly  a  large  starry  system, 
comprising  perhaps  millions  of  stars,  at  such 
a  distance  that  their  combined  light  appears 
only  like  a  faint  nebula.  It  probably  is  not 
much  unlike  the  form  of  our  Milky  Way  in 
which  the  sun  is  situated.  Its  right  ascension 
is  2h  12',  and  north  decl  41°  35'.  It  lies 
near  •/  Andromeda,  or  Almaach,  about  4°  to 
the  eastward  of  that  star,  nearly  in  a  line  be- 
tween it  and  Algol,  in  the  head  of  Medusa, 
and  about  19°  east  from  the  nebula  repre- 
sented in  Fig.  43. 

Fig.  45  is  a  representation  of  an  annular 
nebula,  which  may  be  seen  with  a  telescope 
of  moderate  power.  It  does  not  occupy  so 
much  space  in  the  heavens  as  the  preceding 
nebulas,  but  it  is  well  defined,  and  has  the  ap- 
pearance of  a  flat,  solid  ring.  It  is  not  per- 
fectly circular,  but  somewhat  elliptical,  the 
conjugate  axis  of  the  ellipse  being  to  the  trans- 
verse nearly  to  the  proportion  of  4  to  5.  The 
opening  occupies  about  half  its  diameter,  and 
is  not  entirely  dark,  but  filled  up  with  a  very 
faint  hazy  light,  uniformly  spread  over  it.  Its 
light  is  not  of  a  pure  milky  white,  b>.t  is  some- 
what mottled  in  its  appearance  near  the  exte- 
rior edge.  This  curious  phenomenon,  like 
the  preceding,  is  doubtless  an  immense  stellar 
system,  situated  at  an  immeasurable  distance 
in  the  profundity  of  space.  It  is  situated  in 
the  constellation  of  Lyra,  exactly  half-way 
between  the  stars  3  and  y,  so  that  its  position 
may  be  found  by  common  observers  without 
any  difficulty.  Its  right  ascension  is  18h47'; 
and  north  declination,  32°  49'.  The  following 
cut  (fig.  46)  represents  some  of  the  principal 
stars  in  the  constellation  of  the  Lyre.  The 
largest  star  near  the  upper  part  is  Vega,  a 
bright  star  of  the  first  magnitude;  the'next 
larger  star,  south  by  east  of  which  is  0 ;  and 
the  other  star  of  the  same  magnitude  to  the 
south-east  is  y  ;  between  which  is  the  annular 
nebula,  about  7^°  from  Vega. 

Fig.   46    represents   an   object   somewhat 

similar  to  the  above.     It  is  situated  between 

the  constellations  Anser  and  Cygnus,  about 

»]°  south  from  the  star  y  Cygni.  and  17° 
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east  from  the  phenomenon  described  above* 
Its  right  ascension  is  20"  9' ;  and  north  d0 

Fig.  46.* 
North. 


Vcgn,  or 
o  Lyra, 


clination,  30°  3'.  It  comes  to  the  meridian 
about  the  10th  of  September,  at  nine  o'clock 
in  the  evening. 

The  opposite  page  contains  representations 
of  several  other  kinds  of  nebulae,  some  of 
which  are  extremely  curious  and  singular. 
Fig.  47  is  a  very  singular  and  wonderful  ob- 
ject. It  has  the  shape  of  a  dumb-bell  or 
hour-glass  of  bright  matter,  surrounded  by  a 
thin  hazy  atmosphere ;  the  two  connected 
hemispheres,  and  the  space  which  connects 
them,  are  beautiful  and  pretty  bright.  The 
oval  is  completed  by  a  space  on  each  side, 
which  is  much  more  dim  and  hazy  than  the 
two  hemispheres.  The  whole  has  an  oval 
form,  like  that  of  an  oblate  spheroid.  The 
southern  hemisphere  is  somewhat  denser  than 
the  northern,  and  there  are  one  or  two  stars 
in  it.  It  appears  evidently  to  be  a  dense  col- 
lection of  stars,  at  an  immeasurable  distance 
from  the  region  in  which  we  reside,  and  leads 
us  to  form  an  idea  of  the  endless  diversities 
of  shape  and  form  among  those  countless  as- 
semblages of  stars*  with  which  the  universe  is 
replenished.  This  nebula  is  situated  in  right 
ascension,  19"  52';  north  declination,  22° 

*  It  may  not  be  improper  here  to  remark,  once 
for  all,  that  the  bearings  or  directions  of  the  stars 
from  one  another,  given  here  and  in  other  parts 
of  this  volume,  are  strictly  applicable  only  when 
the  principal  star,  from  which  the  bearing  are 
stated,  is  on  or  near  the  meridian.  When  in  other 
positions,  they  will  appear  to  a  common  observer 
to  have  different  bearings  ;  for  example,  the  star 
Vega  or  Lyra,  in  the  above  fisrure,  when  about 
50°  or  CO0  above  the  western  hori/.un,  will  appear 
at  an  equal  altitude  as  the  star  /?,  south-west  by 
south  of  it;  arid  when  about  30°  or  40°  above  the 
eastern  horizon,  the  two  stars  will  appear,  the 
one  directly  above  or  below  the  other.  This  dif- 
ference in  the  apparent  directions  of  the  stars 
from  each  other  is  most  observable  in  those 
which  are  near  the  pole  ;  for  example,  the  stars 
of  the  fJreat  Bear  appear  in  one  part  of  their  revo- 
lution west  from  the  pole,  and  in  another  part  of 
their  course  east  of  it.  These  and  other  circum- 
stances require  to  be  attended  to,  in  order  to  find 
particular  stars  by  their  bearings  from  one  or 
more  principal  stars. 
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16' ;  in  the  breast  of  Anser  et  Vulpecula,  about 
midway  between  Albireo  in  the  Swan,  and 
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ing  a  real  physical  resemblance  and  strong 
analogy  of  structure  to  our  own."  This  ob- 
ject, dim  and  distant  as  it  may  appear  through 
our  telescopes,  and  utterly  invisible  as  it  is  to 
the  unassisted  eye,  may  be  considered  as  a 
kind  of  universe  in  itself,  ten  thousand  times 
more  grand  and  extensive  than  the  whole 
creation  was  supposed  to  be  in  the  infancy  of 
astronomy.  Like  the  preceding  nebula,  it 
shows  us  what  singular  varieties  of  structure 
are  to  be  found  in  the  systems  which  compose 
the  universe,  and  at  the  same  time  it  exhibits 
a  certain  resemblance  to  another  system  of 
which  we  form  a  part;  and  perhaps  some- 


the  principal  stars  of  the  Dolphin,  about  three 
or  four  degrees  north  of  Sagitta,  a  star  of  the 
fourth  magnitude. 

Fig.  48  is   likewise 
a  very  remarkable  ob- 
58  ject.     It  consists  of  a 
bright  round  nucleus, 
or   central    part,    sur- 
rounded at  a  great  dis- 
tance   by   a   nebulous 
ring.     This    ring   ap- 
pears    split     through 
nearly  the  greater  part 
'57  of   its    circumference, 
the    two    portions    of 
which  being  separated 
at  about  an  angle  of 
45°.     This  nebula  lies 
,_    near  the  remotest  boun- 
daries   to  which    our 
telescopes    can    carry 
us.     It  has  never  been 
resolved  into  stars  by 
the  highest  powers  that 
65have  yet  been  applied ; 
but  there  is  little  doubt 
that    it    is    a    grand 
scheme  of  sidereal  sys- 
tems, perhaps  exceed- 
ing   our   Milky    Way 
54  in  number  and  magni- 
ficence.    It   is    indeed 
supposed  to  bear  a  more 
striking  resemblance  to 
the  system  of  stars  in 
which  the  sun  is  placed 
than  any  other  object 
which    has    yet    been 
discovered  in  the  hea- 
vens, as  may   be  per- 
-3ceived    by   turning    to 
figure    39,      (p.     76,) 
which    represents    Sir 
W.  Herschel's  scheme 
of  the  Milky  Way  ;  and 
hence   Sir  John  Her- 
schel    describes    it    as 
"  a  brother  system,  bear- 
thing  similar,  though   not   precisely  of  the 
same  form   and  arrangement,  may  be  found 
in  other  parts  of  the  sidereal  heavens.     This 
phenomenon  is  situated  near  the  back  of  As- 
terion,  about  five  degrees  south  by  west  of 
Benetnasch,  the  last  star  in  the  tail  of  the 
Great  Bear ;  between  which  star  and  the  ne- 
bula there  is  a  small  star  of  the  fifth  magni- 
tude, nearer  to  the  nebula  than  to  Benetnasch. 
Its  right  ascension  is  13h  22' ;  and  north  de- 
clination, 46°  14'. 

Figures  49, 50, 52, 53, 54, 55,  56, 57,  and  58, 
represent  some  specimens  of  nebulous  stars, 
or  of  nebulae  connected  with  very  small  stars. 
3F  (613) 
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Figure  49  shows  a  nebulosity,  or  something    small  star  to  another,  as  if  there  was  a  corn- 
like  a  nebulous  stream,  extending  from  one    munication  between  them.     The  next  three 

figures  are  represent- 
ations of  similar  phe- 
nomena. In  figure  52 
[60  the  nebulous  sub- 
stance appears  much 
broader  than  in  the 
others,  though  this 
may  possibly  be  ow- 
ing to  the  nebula  in 
its  greatest  extent  be- 
ing presented  to  our 
line  of  vision. 

Figures  54,  55,  56, 
are  very  small  stars, 
with  faint  and  small 
nebula  attached  to 
them  in  the  shape  of 
a  puff.  Fig.  57  is  a 
small  star,  with  a  small, 
faint,  fanshaped  nebu- 
losity joined  to  it. 
Fig.  58  represents  two 
considerable  stars  in- 
volved in  a  very  faint, 
nebulosity  of  three  or 
four  minutes  in  extent. 
1 62  What  this  nebulous 
substance  in  reality  is, 
or  what  connexion  it 
may  have  with  the 
stars  which  appear  in 
its  vicinity,  it  is  diffi- 
cult to  conjecture.  It 
is  a  species  of  nebu- 
Ice  which  does  not  ap- 
pear to  be  resolvable 
into  stars,  and  there- 
fore may  be  regarded 
as  a  distinct  luminous 
substance  diffused 
throughout  different 
regions  of  the  universe, 
subserving  some  im- 
portant designs  in  the 
physical  economy  of 
creation  of  which  we 
65  64  63  are  ignorant.  Speci- 

mens of  some  of  these  phenomena  will  be  found  eleven  degrees  east  of  Betelguese,  in  the  right 
in  the  following  situations: — 1.  Right  ascen-  shoulder  of  Orion,  and  about  seven  degrees 
eion,  20h  56':  north  declination,  1 1°  24';  a  little  due  south  of  Gemini,  which  is  in  the  left  foot 
to  the  east  of  the  cluster  of  stars  called  the  of  one  of  the  Twins. 

Dolphin.  2.  Right  ascension,  8h  46' ;  north  Figures  59  to  65  represent  a  few  speci- 
declination,  54°  25' ;  about  seven  degrees  mens  of  objects  which  come  under  the  deno- 
north-west  of  the  star  Theta  of  the  Great  mination  of  extensive  diffusive  nebulosities. 
Bear.  3.  Right  ascension,  12h  51';  north  These  phenomena  were  very  little  noticed  till 
declination,  35°  47' ;  about  four  degrees  south  lately,  and  can  only  be  perceived  by  telescopes 
of  the  star  Car  Caroli,  the  principal  star  in  of  large  aperture,  which  collect  a  great  quan- 
the  Grayhounds.  4.  Right  ascension,  6b  30' ;  tity  of  light.  In  adverting  to  one  of  these 
north  declination,  8°  53' ;  which  is  in  the  objects,  Sir  W.  Herschel  describes  it  as  fol- 
Uead  of  Monoceros,  or  the  Unicorn,  about  lows: — "  Extreme  faint  branching  nebulosity ; 
(614) 
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its  whAiehness  is  entirely  of  the  milky  kind, 
ar.d  it  is  brighter  in  three  or  four  places  than 
the  rest;  the  stars  of  the  Milky  Way  are 
scattered  over  it  in  the  same  manner  as  over 
the  rest  of  the  heavens.  Its  extent  in  the 
parallel  is  nearly  one  degree  and  a  half,  and 
in  the  meridianal  direction  about  fifty-two 
minutes."  It  appears  that  this  diffused  nebu- 
losity is  very  extensive ;  for  of  fifty-two  ne- 
bulae of  this  description  which  had  never  been 
before  observed,  Herschel  found  them  to  oc- 
cupy no  less  than  152  square  degrees.  A 
specimen  of  an  extensive  diffusive  nebula  of 
this  description  is  represented  in  fig.  59. 
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Figures  66  to  71    are  representations   of 
nebula  of  various  descriptions.    The  three 


Sir  W.  Herschel  has  presented  us  with 
fourteen  specimens  related  to  this  class,  of 
what  he  terms  nebufasitfes  joined  to  nebula?, 
one  of  which  is  represented  in  fig.  60,  where 
a  bright  nebulous  speck  is  connected  witli  a 
faint  nebulosity,  which  seems  to  proceed  from 
it  as  from  a  central  point,  increasing  in 
breadth  in  proportion  to  the  distance,  till  it 
terminates  in  a  kind  of  irregular  margin. 
Fig.  61  represents  what  is  called  a  milku 
nebula  with  condensation.  It  appears  to  be 
a  roundish  nebula,  condensed  towards  the 
central  parts.  It  is  natural  to  suppose,  when 
we  see  a  gradual  increase  of  light,  that  there 
is  a  condensation  of  the 
substance  which  produces 
it  in  the  space  which  ap- 
pears brightest,  or  at 
least  that  the  luminous 
substance  is  deeper  in 
the  brighter  space.  Some 
of  the  nebulosities  of  this 
class  are  not  always  ex- 
tensively diffused,  but  are 
sometimes  met  with  in 
detached  collections,  near 
to  each  other,  but  com- 
pletly  separate,  as  repre- 
sented at  a  b,  c,  fig.  62. 

A  diffused  nebulosity 
of  this  kind  may  be  seen 
about  six  or  seven  de- 
grees due  east  from  the 
star  Zeta  Cygni,near  the 
back  or  tail  of  Anser.  Its 
right  ascension  is  20 h 
38',  and  north  declina- 
tion, 30°  6'.  Another, 
whose  right  ascension  is 
20h  49',  and  north  decli- 
nation 31°  3',  is  foMnd 
about  three  or  four  de- 
grees north-west  of  Zeta 
Cygni,  and  within  two 
or  three  degrees  of  the 
preceding. 

Figures  63,  64,  and  65, 
are  representations  of  ne- 
bulae which  are  brighter 
in  more  than  one  place, 
which  appearance  is  sup- 
posed to  be  owing  to 
so  many  predominant 
seats  of  attraction,  owing 
to  a  superior  preponder- 
ance of  the  nebulous  mat- 
ter in  those  places  caus- 
ing a  division  of  it  from 
which  will  arise  three 
or  four  distinct  nebulae, 
upper  figures,  numbered  66,  are  nebulae  that 
are  suddenly  muck  brighter  in  the  middle. 
(615; 
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A  nucleus  to  which  these  nebulae 'seem  to  ap- 
proach is  considered  as  indicating  consolida- 
tion ;  and  that,  should  we  have  reason  to  con- 
clude that  a  solid  body  can  be  formed  of  con- 
densed nebulous  matter,  the  nature  of  which 
has  been  chiefly  deduced  from  its  shining 
quality,  we  may  possibly  be  able  to  view  it 
with  respect  to  some  other  of  its  properities. 
The  three  figures,  No.  67,  represent  extended 
nebulse  and  round  nebulas,  that  show  the 
progress  of  condensation.  These  nebulne  ap- 
pear further  condensed  than  the  preceding, 
and  appear  surrounded  with  the  rarest  nebu- 
lous matter,  which,  not  having  as  yet  been 
consolidated  with  the  rest,  remains  expanded 
about  the  nucleus  in  the  shape  of  a  very  ex- 
tended atmosphere.  The  three  figures  in  the 
third  row  from  the  top  of  the  plate,  marked 
No.  68,  and  the  first  figure  to  the  left  hand 
of  No.  69,  represent  nebulae  which  are  almost 
of  an  uniform  light,  and  nebulse  that  draw 
progressively  towards  a  period  of  final  con- 
densation. "In  the  course  of  the  gradual 
condensation  of  the  nebulous  matter,"  says 
Sir  W.  Herschel,  "  it  may  be  expected  that 
a  time  must  come  when  it  can  no  longer  be 
compressed,  and  the  only  cause  which  we  may 
suppose  to  put  an  end  to  the  compression  is, 
when  the  consolidated  mass  assumes  hardness. 
From  the  size  of  the  nebulae,  as  we  see  them 
at  present,  we  cannot  form  an  idea  of  the 
original  bulk  of  the  nebulous  matter  they  con- 
tain ;  but  let  us  admit,  fdr  the  sake  of  compu- 
tation, that  the  nebulosity  of  a  certain  nebula, 
when  it  was  in  a  state  of  diffusion,  took  up  a 
space  of  ten  minutes  in  every  cubical  direction 
of  its  expansion,  then,  as  we  now  see  it  col- 
lected into  a  globular  compass  of  less  than  one 
minute,  it  must  of  course  be  more  than  1900 
times  denser  than  it  was  in  its  original  state. 
This  proportion  of  density  is  more  than  double 
that  of  water  to  air." 

The  small  nebulse  represented  in  No.  70 
are  stellar  nebulse,  which  approach  to  the  ap- 
%  pearance  of  stars,  and  one  or  two  of  doubtful 
character.  The  four  figures  marked  No.  71, 
represent  separate  views  of  the  gradual  con- 
densation of  the  nebulous  substance.  In  these 
we  may  evidently  perceive  a  striking  grada- 
tion in  the  light  and  brilliancy  of  the  central 
parts.  The  figure  on  the  left  hand  side  re- 
presents an  object  nearly  in  its  original  state 
of  nebulosity  ;  the  next  towards  the  right  ap- 
pears considerably  condensed  towards  the 
central  parts ;  the  third  figure  represents  a 
condensation  still  greater;  and  the  one  on 
the  right  hand  exhibits  a  condensation  nearly 
complete,  or  a  huge  luminous  body  surrounded 
with  a  lucid  atmosphere.  Each  of  these  is 
the  representative  of  an  extensive  class  of  ob- 
jects of  this  description. 

(616) 


SECTIOX  HI. 
On  Planetary  Nebulse. 


This  designation  is  given  to  a  class  of  ne 
hulas  which  bear  a  very  near  resemblance  to 
planetary  disks  when  seen  through  telescopes. 
But,  notwithstanding  their  planetary  aspect, 
some  small  remaining  haziness,  by  which  they 
are  more  or  less  surrounded,  evinces  their  ne- 
bulous origin.  They  are  somewhat  extraordi- 
nary objects,  with  round  or  slightly  oval  disks, 
in  some  instances  quite  sharply  terminated, 
in  others,  a  little  hazy  at  the  borders,  and  of 
a  light  exactly  equable,  or  only  a  very  little 
mottled,  which  in  some  of  them  approaches 
in  vividness  to  the  light  of  actual  planets. 
The  following  are  some  of  Sir  W.  Herschel's 
remarks  on  these  bodies  : — If  we  should  sup- 
pose them  to  be  single  stars  with  large  diame- 
ters, we  shall  find  it  difficult  to  account  for 
their  not  being  brighter,  unless  we  should 
admit  that  the  intrinsic  light  of  some  stars 
may  be  very  much  inferior  to  that  of  the 
generality,  which,  however,  can  hardily  be 
imagined  to  extend  to  such  a  degree.  We 
might  suppose  them  to  be  comets  about  their 
aphelion,  if  the  brightness  as  well  as  magni- 
tude of  their  diameters  did  not  oppose  this 
idea  ;  so  that,  after  all,  we  can  hardly  find  any 
hypothesis  so  probable  as  that  of  their  being 
nebula? ;  but  then  they  must  consist  of  stars 
that  are  compressed  and  accumulated  in  the 
highest  degree.  At  a  subsequent  period,  Sir 
William  remarks,  "  When  we  reflect  on  the 
circumstances  connected  with  these  bodies, 
we  may  conceive  that,  perhaps,  in  progress  of 
time  these  nebulas  which  arc  alrendy  in  a  state 
of  compression  may  be  still  further  coinpruo- 
sed  so  as  actually  to  become  stars.  It  may 
be  supposed  that  solid  bodies  such  as  we  sup- 
pose the  stars  to  be,  from  the  analogy  of  their 
light,  with  that  of  our  sun  when  seen  at  the 
distance  of  the  stars,  can  hardly  be  formed  of 
a  condensation  of  nebulous  matter ;  but  if 
the  immensity  of  it  required  to  fill  a  cubical 
space  which  will  measure  ten  minutes,  when 
seen  at  the  distance  of  a  star  of  the  eighth  or 
ninth  magnitude,  is  well  considered,  and  pro- 
perly compared  with  the  very  small  angle  our 
sun  would  subtend  at  the  same  distance,  no 
degree  of  rarity  of  the  nebulous  matter  to 
which  we  have  recourse  can  be  any  objection 
to  the  solidity  required  for  the  construction  of 
a  body  of  equal  magnitude  with  our  sun." 

The  nature  of  these  nebultB  is  involved  in 
considerable  darkness  and  mystery.  As  in 
the  case  of  some  of  the  other  species  of  these 
phenomena,  so  in  this,  the  mind  feels  unable 
to  form  any  definite  or  satisfactory  concep- 
tions on  the  subject.  The  following  remarks 
of  Sir  J.  Herschel  comprise  most  of  what  can 
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be  stated,  in  the  mean  time,  on  this  subject : — - 
"  Whatever  be  their  nature,  they  must  be  of 
enormous  magnitude.  One  of  them  is  to  be 
found  in  the  parallel  of  i-  Aquarii,  and  about 
five  minutes  preceding  that  star.  Its  apparent 
diameter  is  about  twenty  seconds.  Another, 
in  the  constellation  Andromeda,  presents  a 
visible  disk  of  twelve  seconds  perfectly  defined 
and  round.  Granting  these  objects  to  be 
equally  distant  from  us  with  the  stars,  their 
real  dimensions  must  be  such  as  would  fill,  on 
the  .owest  computation,  the  whole  orbit  of 
Uranus.  It  is  no  less  evident  that,  if  they  be 
solid  bodies  of  a  solar  nature,  the  intrinsic 
splendour  of  their  surfaces, must  be  almost  in- 
finitely inferior  to  that  of  the  sun's.  A  circu- 
lar portion  of  the  sun's  disk,  subtending  an 
angle  of  twenty  seconds,  would  give  a  light 
equal  to  100  full  moons,  while  the  objects  in 
question  are  hardly,  if  at  all,  discernible  with 
the  naked  eye.  The  uniformity  of  their  disks, 
and  their  want  of  apparent  central  condensa- 
tion, would  certainly  augur  their  light  to  be 
merely  superficial,  and  in  the  nature  of  a  hol- 
low superficial  shell ;  but  whether  filled  with 
solid  or  gaseous  matter,  or  altogether  empty, 
it  would  be  a  waste  of  time  to  conjecture." 

In  this  description  there  is  nothing  which 
strikes  the  mind  with  such  astonishment  as 
the  enormous  magnitude  of  these  planetary 
nebulae.  A  globular  body  which  would  fill 
the  orbit  of  Uranus  would  contain  24,429,- 
081,600,000,000,000,000,000,000,  or  more 
than  twenty-four  thousand  quartilllons  of  solid 
miles.  The  solid  contents  of  the  sun  is  about 
357,000,000,000,000,000,  or  three  hundred 
and  fifty-seven  thousand  billions  of  cubical 
miles.  If  the  former  number  be  divided  by 
the  latter,  the  quotient  will  be  68,428,800,000. 
showing  that  the  nebula  in  question  would 
contain  within  its  circumference  sixty-eight 
thousand,  four  hundred  and  twenty-eight  mil- 
lions, and  eight  hundred  thousand  globes  as 
large  as  the  sux.  A  body  of  such  bulk  is 
more  than  thirty-four  billions,  two  hundred 
thousand  millions  of  times  larger  than  all  the 
primary  planets  and  their  satellites  which  be- 
long to  our  system.  What  is  the  special  des- 
tination of  such  huge  masses  of  matter,  or 
what  important  designs  they  subserve  in  the 
physical  and  moral  arrangements  of  the  Gov- 
ernor of  the  universe,  it  is  beyond  our  power, 
in  the  mean  time,  to  form  even  a  probable 
conjecture.  Future  generations  may  perhaps 
be  enabled  to  throw  some  light  on  this  sub- 
ject, though  it  is  probable  that  the  nature, 
properties,  and  ultimate  designs  of  many  such 
objects  will  only  be  fully  disclosed  throughout 
the  revolutions  of  that  interminable  duration 
which  succeeds  the  short  span  of  human  ex- 
istence ;  but  of  this  we  may  rest  assured,  that 
they  are  not  useless  masses  of  materials  in 
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the  universe,  but  are  subservient  to  purposes 
worthy  of  Him  whose  wisdom  is  infinite,  and 
whose  understanding  is  unsearchable. 

The  four  figures  towards  the  right  hand 
of  the  plate,  marked  No.  69,  represent  some 
specimens  of  planetary  nebulae.  One  of  those 
bodies  may  be  seen  near  the  star  v  Aquarii, 
as  above  stated.  Its  right  ascension  is  nearly 
20h  52',  and  its  south  declination  about  12° 
26'.  It  lies  north  by  west  of  the  star  Dcncb 
Algedi,  at  the  distance  of  about  ten  degree.?. 
Other  nebulae  of  this  description  maybe  found 
near  the  following  stars : — 3  p  Sagitte,  14 
Andromeda,  63  b  Crateris,  61  g  Sagittie,  10 
Camelopardus,  36  Ursse  Majoris,  6  Navis, 
and  6  Draconis.  About  three  minutes  west 
from  the  star  16  c  Cygni  the  following  phe- 
nomenon is  found: — A  bright  point  a  little 
extended,  like  two  points  close  to  each  other. 
It  is  as  bright  as  a  star  of  the  eighth  or  ninth 
magnitude,  surrounded  by  a  very  bright  milky 
nebulosity,  suddenly  terminated,  having  the 
appearance  of  a  planetary  nebula  with  a  lucid 
centre.  The  border  is  not  well  defined ;  it  is 
perfectly  round,  and  about  one  minute  and 
thirty  seconds  in  diameter.  This  is  a  beauti- 
ful phenomenon,  and  of  a  middle  species  be- 
tween the  planetery  nebulae!*  and  nebulous 


Sir  John  Herschel,  during  his  late  residence 
at  the  Cape  of  Good  Hope,  is  said  to  have 
discovered  several  new  and  singular  objects  in 
the  southern  hemisphere,  some  of  them  bear- 
ing a  certain  relation  to  the  objects  now  de- 
scribed ;  among  others,  he  is  said  to  have  de- 
tected a  beautiful  planetary  nebula,  which 
presents  a  perfectly  sharp,  well-defined  disk 
of  uniform  brightness,  exhibiting  the  exact 
appearancce  of  a  small  planet  with  a  satellite 
near  its  margin.  The  regular  compactness 
and  globular  form  of  such  objects  seem  to  in- 
dicate that  they  are  bodies  sui  generis,  neither 
collections  of  distinct  stars  nor  exactly  of  the 
same  nature  with  the  other  masses  of  nebu- 
lous matter  dispersed  through  the  heavens. 
They  seem  to  present  a  view  of  an  immense 
system  already  completed,  but  of  what  nature 
it  would  be  vain  to  conjecture.  Another  phe- 
nomenon of  this  kind  is  stated  as  being  of  an 
extraordinary  nature,  on  account  of  the  blue 
colour  which  its  light  exhibits.  He  has  like- 
wise discovered  a  close  double  star  involved 
in  the  centre  of  a  nebulous  atmosphere,  which 
is  considered  as  a  new  and  singular  object. 

SECTION  IV. 
On  the  Nebula  in  Orion. 

One  of  the  largest  and   most  remarkable 
nebula  in  the  heavens  is  that  which  is  found 
in  the  constellation  of  Orion.     When  a  com- 
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mon  observer  looks  at  that  constellation,  the 
first  object  that  arrests  his  attention  is  the 
three  brilliant  stars  equi-distant  from  each 
other  in  a  straight  line,  which  is  called  the 
belt  of  Orion.  Immediately  below  these, 
hanging  down  as  it  were  from  the  middle  of 
the  belt,  three  small  stars  at  nearly  equal  dis- 
tances are  perceived,  which  are  termed  the 
ftvord.  On  directing  the  naked  eye  to  the 
middle  star  of  the  three,  the  observer  perceives 
something  that  has  the  appearance  of  a  small 
star,  but  not  well  defined ;  this  is  the  great 
nebula  of  Orion :  of  which,  however,  he  can 
form  no  definite  conception  till  his  eye  be  as- 
sisted by  optical  instruments.  With  a  com- 
mon one-foot  pocket  achromatic  telescope  the 
nebulosity  may  be  plainly  perceived;  but  the 
higher  the  magnifying  power,  and  the  larger 
the  aperture  of  the  object  glass,  the  more 
brilliant  and  distinct  does  this  phenomenon 
appear,  along  with  a  number  of  small  stars 
connected  with  it,  which  are  quite  invisible  to 
the  unassisted  eye. 


The  first  who  discovered  this  phenornenor. 
was  the  celebrated  Huygens,  who  gave  the 
following  description  of  it  in  his  Systema  Sa- 
turnium  : — "  Astonomers  place  three  stars 
close  to  each  other  in  the  sword  of  Orion ; 
and  when  I  viewed  the  middlemost  with  a 
telescope  in  the  year  1656,  there  appeared,  in 
the  place  of  that  one,  twelve  other  stars ; 
among  these,  three  that  almost  touch  each 
other,  and  four  more  besides  appeared  twink- 
ling as  through  a  cloud,  so  that  the  space 
about  them  seemed  much  brighter  than  the 
rest  of  the  heavens,  which  appearing  wholly 
blackish,  by  reason  of  the  fair  weather,  was 
seen  as  through  a  certain  opening,  through 
which  one  had  a  free  view  into  another  region 
which  was  more  enlightened.  I  have  fre- 
quently observed  the  same  appearance  in  the 
same  place,  without  any  alteration ;  so  that 
it  is  likely  that  this  wonder,  whatever  it  may 
be  in  itself,  has  been  there  from  all  times ;  but 
I  never  took  notice  of  any  thing  like  it  among 
the  rest  of  the  fixed  stars." 

Fig.  72  exhibits  a  view 
of  this  phenomenon  as 
seen  by  Dr.  Long  in  1 74 1 
with  a  seven  teen-feet  re- 
fracting telescope,  which 
appears  exactly  the  same 
shape  as  originally  deli- 
neated by  Huygens ;  but 
the  apparent  magnitudes 
of  the  stars  connected 
with  it  are  more  accu- 
rately shown  than  in  the 
engraved  delineation  of 
Huygens.  Dr.  Long  says 
that  the  luminous  space 
has  sometimes  appeared 
to  him  nearly  of  the  same, 
shape  as  the  figure  which 
is  formed  by  the  seven 
stars  within  it.  Fig.  73 
represents  the  same  ne- 
bula, as  seen  by  Sir  W. 
Herschel  in  the  year  1 774 
and  in  1811.  Its  shape 
appears  considerably  dif- 
ferent from  the  delinea- 
tions of  Huygens  and  Dr. 
Long ;  but  the  stars  with- 
in and  around  it,  which 
are  common  to  both  de- 
lineations, appear  nearly 
in  the  same  relative  posi- 
tion. Sir  John  Herschel 
has  given  a  representation 
of  this  nebula,  as  viewed 
through  the  twenty-feet 
reflector  at  Slough,  which 
appears  considerably  dif- 
ferent from  the  figures  to 
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which  I  have  referred.  I  have  frequently  viewed 
*his  phenomenon  with  telescopes  of  different 
sizes,  particularly  with  a  six  feet  and  a  half 
achromatic,  having  an  aperture  of  four  inches 
diameter,  and  which  showed  sidereal  objects 
with  great  brilliancy  and  distinctness ;  but  the 
shape  of  the  object  appeared  more  nearly  re- 
sembling Dr.  Long's  representation  (fig.  72) 
than  any  other  delineation  I  have  seen.  A 
fourth  star  was  distinctly  seen  in  addition  to 
the  three  represented  by  Dr.  Long  near  the 
head  of  the  opening,  but  smaller  than  the 
other  three,  and  forming  with  them  a  small 
irregular  square.  The  three  other  stars,  in- 
stead of  being  within  the  one  side  of  the  ne- 
bula, as  represented  in  both  the  figures,  ap- 
peared quite  beyond  it,  but  nearly  in  a  line 
with  its  margin.  Whether  this  was  owing 
to  the  inaccuracy  of  the  delineation  or  to  the 
actual  change  of  the  nebula  I  do  not  pretend 
to  determine.  The  left-hand  branch  of  the 
nebula  likewise  appeared  considerably  longer 
than  here  represented ;  but  I  cannot  pretend 
to  say  what  the  appearance  may  be  as  seen 
through  a  twenty-feet  reflecting  telescope. 

In  forming  a  proper  conception  of  this  ob- 
ject, it  is  of  some  importance  to  ascertain  the 
exact  appearance  it  has  presented  at  different 
periods,  and  whether  there  be  reason  to  con- 
clude that  it  has  been  subject  to  changes.  The 
following  is  Sir  J.  Herschel's  description  of 
this  phenomenon : 

"  I  know  not  how  to  describe  it  better  than 
by  comparing  it  with  a  curdling  liquid,  or  a 
surface  strewed  over  with  flocks  of  wool,  or  to 
the  breaking  up  of  a  mackerel  sky,  when  the 
clouds  of  which  its  consists  begin  to  assume  a 
cirrous  appearance.  It  is  not  very  unlike  the 
mottling  of  the  sun's  disk,  only,  if  I  may  so 
express  myself,  the  grain  is  much  coarser  and 
the  intervals  darker,  and  the  flocculi,  instead 
of  being  generally  round,  are  drawn  into 
little  wisps.  They  present,  however,  an  ap- 
pearance of  being  composed  of  stars,  and 
their  aspect  is  altogether  different  from  that 
of  resolvable  nebulae.  In  the  latter  we  fancy 
by  glimpses  that  we  see  stars,  or  that  could 
we  strain  our  sight  a  little  more  we  would 
see  them;  but  the  former  suggests  no  idea  of 
stars,  but  rather  of  something  quite  distinct 
from  them." 

The  following  are  some  of  Sir  W.  Her- 
schel's remarks  on  this  nebula,  and  on  the 
stars  with  which  it  is  connected  : 

"  In  the  year  1774,  the  4th  of  March,  I  ob- 
served the  nebulous  star  which  is  the  43d,  of 
the  Connoissanct  des  Temps,  and  is  not  many 
minutes  north  of  the  great  nebulae  ;  but  at  the 
same  time  I  also  took  notice  of  two  similar, 
but  much  smaller,  nebulous  stars,  one  on  each 
side  of  the  large  one  and  at  nearly  equal  dis- 
tances from  it  (See  fig.  73,  &c.)  In  1783, 


I  examined  the  nebulous  star,  and  found  it  to 
be  faintly  surrounded  with  a  circular  glory 
of  whitish  nebulosity,  faintly  joining  it  to  the 
great  nebulae.  About  the  latter  end  of  that 
year,  I  remarked  that  it  was  not  equally  sur- 
rounded, but  most  nebulous  towards  the  south. 
In  1784,1  began  to  entertain  an  opinion  that 
the  star  was  not  connected  with  the  nebu- 
losity of  the  great  nebulas  of  Orion,  but  was 
one  of  those  which  are  scattered  over  that 
part  of  the  heavens.  In  1801,  1806,  and  1810, 
this  opinion  was  fully  confirmed  by  the  gradual, 
change  which  happened  in  that  great  nebulae 
to  which  the  nebulosity  surrounding  the  star 
belongs  ;  for  the  intensity  of  light  about  the 
nebulous  star  had  by  this  time  been  consider- 
ably reduced  by  the  attenuation  of  dissipa- 
tion of  the  nebulous  matter,  and  it  seemed 
now  to  be  pretty  evident  that  the  star  is  far 
behind  the  nebulous  matter,  and  that  conse- 
quently its  light  in  passing  through  it  is 
scattered  and  deflected  so  as  to  produce  the 
appearance  of  a  nebulous  star."  .  .  .  .  "  When 
I  viewed  this  interesting  object  in  December, 

1810,  I  directed  my  attention  particularly  to 
the  two  nebulous  stars  by  the  sides  of  the 
large  one,  and  found  they  were  perfectly  free 
from  every  nebulous  appearance,  which  con- 
firmed  not  only  my  former  surmise  of  the 
great  attenuation  oif  the  nebulosity,  but  also 
proved  that  their  former  nebulous  appearance 
had  been  entirely  the  effect  of  the  passage  of 
their  feeble  light  through  the  nebulous  matter 
spread  out  before  them.  The  19th  of  January, 

1811,  I  had  another  critical  examination  of 
the  same  object,  in  a  very  clear  view,  through 
the  forty-feet  telescope ;  but  notwithstanding 
the  superior  light  of  this  instrument,  I  could 
not  perceive  any  remains  of  nebulosity  about 
the  two   small   stars,  which  were   perfectly 
clear,  and  in  the  same  situation  where  about 
thirty-seven  years  before  I  had  seen  them  in- 
volved in  nebulosity.     If,  then,  the  light  of 
these  three  stars  is  thus  proved  to  have  un- 
dergone a  visible  modification  in  its  passage 
through  the  nebulous  matter,  it  follows  that 
its  situation  among   the  stars  is  less  distant 
from  us  than  the  largest  of  the  three,  which  I 
suppose  to  be  of  the  eighth  or  ninth  magnitude. 
The  furthest  distance,  therefore,  at  which  we 
can  place  the  faintest  part  of  the  great  nebula 
in  Orion,  to  which  the  nebulosity  surround- 
ing the  star  belongs,  cannot  well  exceed  the 
region  of  the  stars  of  the  seventh  or  eighth 
magnitude." 

From  these  observation  it  would  appear 
that  the  nebulosities  connected  with  the  great 
nebula  are  subject  to  certain  changes,  and 
that  its  distance  from  our  system  is  less  than 
that  of  stars  of  the  eighth  magnitude,  since  a 
portion  of  the  nebulous  matter  interposes  be- 
tween our  sight  and  stars  of  this  description. 
(619) 


SIDEREAL  HEAVENS. 


But  this  distance  must  be  very  great.  If  stars 
of  the  eighth  magnitude  are  to  be  considered 
at  an  average  as  eight  times  further  distant 
than  those  of  the  first,  then  this  nebula,  can- 
not be  supposed  to  be  less  than  320,000,000,- 
000,000,  or  three  hundred  and  twenty  billions 
of  miles  from  the  earth.  If  its  diameter  at 
this  distance  subtend  an  angle  of  ten  minutes, 
which  it  nearly  does,  its  magnitude  must  be 
utterly  inconceivable.  It  has  been  calculated 
that  it  must  exceed  2,000,000,000,000,000,- 
000,  or  two  trillions  of  times  the  dimensions 
of  the  sun,  vast  and  incomprehensible  as  these 
dimensions  are. 

This  nebula  has  never  yet  been  resolved 
into  stars  by  the  highest  powers  of  the  "tele- 
scope that  have  yet  been  applied ;  nor  is  there 
any  reason  to  believe  that  it  consists  of  a 
system  of  stars,  as  is  the  case  with  many  other 
nebul®  which  appear  much  smaller,  and  are 
evidently  more  distant.  It  is  therefore,  in  all 
probability,  a  mass  of  self-luminous  matter  not 
yet  formed  into  any  system  or  systems,  but  of 
what  nature  it  would  be  vain  to  conjecture. 
Whether  it  is  more  condensed  than  when  it 
was  first  observed  nearly  two  hundred  years 
ago,  as  some  have  conjectured,  or  whether 
any  portions  of  it  have  shifted  their  position, 
as  seems  to  have  been  the  opinion  of  Sir  W. 
Herschel  from  the  observations  above  stated, 
appears  on  the  whole  somewhat  uncertain. 
On  this  point  Sir  J.  Herschel  makes  the 
following  remark  :  —  "  Several  astronomers, 
on  comparing  this  nebula  with  the  figures  of 
it  handed  down  to  us  by  its  discoverer,  Huy- 
gens,  have  concluded  that  its  form  has  under- 
gone a  perceptible  change;  but  when  it  is 
considered  how  difficult  it'  is  to  represent  such 
an  object,  duly,  and  how  entirely  its  ap- 
pearance will  differ  even  in  the  same  tele- 
scope, according  to  the  clearness  of  the  air, 
or  other  temporary  causes,  we  shall  readily 
admit  that  we  have  no  evidence  of  change 
that  can  be  relied  on." 

The  phenomenon  we  have  now  been  con- 
templating is  calculated  to  suggest  a  train  of 
reflections  and  inquires — What  is  the  grand 
design  in  the  system  of  nature  of  such  an  im- 
mense mass  of  luminosity — a  mass  of  lumi- 
nous matter  to  which  the  whole  solar  system 
is  but  only  as  a  point — a  mass  at  least 
twenty-nine  millions  of  times  larger  than  a 
globe  which  would  fill  the  orbit  of  Uranus  ?* 
Is  it  in  a  state  of  perfection  completely  answer- 
ing the  ultimate  end  of  its  creation,  and  will 
it  remain  for  ever  in  that  state  ?  Or,  is  it 
only  a  chaotic  mass  of  materials  progressing 
towards  some  glorious  consummation  in  the 
future  ages  of  eternity,  when  worlds  and  sys- 
tems will  be  evolved  from  the  changes  and 
revolutions  now  going  forward  within  its 

*  See  page  93. 
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boundaries  ?  Or,  may  we  suppose  that  a  lu- 
minosity of  so  vast  extent  serves  the  purpose 
of  a  thousand  suns  to  ten  thousands  of  opaque 
globes  which  revolve  within  its  wide  circum- 
ference 1  Considering  the  diversified  methods 
of  Divine  operation,  and  the  vast  variety  of 
modes  by  which  worlds  are  arranged  and  en- 
lightened, it  is  not  imposible,  nor  even  impro- 
bable, that  numerous  worlds  may  be  in  this 
way  illuminated  with  a  perpetual  and  unin- 
terrupted day.  As  there  appear  to  be  worlds 
connected  with  one  sun,  with  two,  with  three, 
and  even  more  suns,  so  there  may  be  thousands 
of  worlds  cheered  and  illuminated  without 
such  a  sun  as  ours,  and  with  an  effulgence  of 
light  which  is  common  to  them  all.  But  on 
these  points  we  shall  never  be  able  to  arrive 
at  certainty  so  long  as  we  sojourn  in  this 
sublunary  sphere.  Suffice  it  to  say,  that  such 
an  enormous  mass  of  luminious  matter  was 
not  created  in  vain,  but  serves  a  purpose  in 
the  divine  arrangements  corresponding  to  its 
magnitude  and  the  nature  of  its  luminosity, 
and  to  the  wisdom  and  intelligence  of  Him 
whose  power  brought  it  into  existence.  It 
doubtless  subserves  some  important  purposes, 
even  at  the  present  moment,  to  worlds  and 
beings  within  the  range  of  its  influence. 
Were  we  placed  as  near  it  as  one-half  the 
distance  of  the  nearest  star,  great  as  that  dis- 
tance is,  from  such  a  point  it  would  exhibit 
an  effulgence  approximating  to  that  of  the 
sun ;  and  to  beings  at  much  nearer  distances 
it  would  fill  a  large  portion  of  the  sky,  and 
appear  with  a  splendour  inexpressible.  But 
the  ultimate  design  of  such  an  object,  in  all 
its  bearings  and  relations,  may  perhaps  re- 
main to  be  evolved  during  the  future  ages  of 
an  interminable  existence ;  and,  like  many 
other  objects  in  the  distant  spaces  of  creation, 
it  excites  in  the  mind  a  longing  desire  to  be- 
hold the  splendid  and  mysterious  scenes  of  the 
universe  a  little  more  unfolded. 

SECTION  V. 

On  the  Nebular  Hypothesis. 

I  have  already  stated  that  the  nebulae  may 
be  arranged  into  two  classes,  the  resolvable 
and  irresolvable.  When  Sir  W.  Herschel 
commenced  his  observations  on  the  nebulous 
part  of  the  heavens,  and  for  several  yearu 
afterwards,  he  was  disposed  to  consider  the 
nebulae  in  general  to  be  no  other  than  c  lus- 
ters of  stars  disguised  by  their  very  great  dis- 
tance ;  but  a  long  experience  and  better 
acquaintance  with  the  nature  of  nebulae  con- 
vinced him  that  such  a  principle  ought  not  to 
be  universally  admitted,  although  a  cluster  of 
stars  may  undoubtedly  assume  a  nebulous 
appearance  when  it  is  too  remote  for  us  to 
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discern  the  stars  of  which  it  is  composed. 
When  he  perceived  that  additional  light  had 
no  effect  in  resolving  certain  nebulae  into  stars, 
he  was  forced  to  the  conclusion,  that  though 
milky  nebulae  may  contain  stars,  yet  there  are 
also  nebulosities  which  are  not  composed  of 
them,  nor  immediately  connected  with  them. 

Hence  astronomers  have  been  constrained 
to  admit  the  existence  of  a  certain  species  of 
fine  luminous  matter,  distinct  from  stars,  or 
planets,  or  any  other  materials  existing  around 
us,  which  is  diffused  in  immense  masses 
throughout  the  spaces  of  the  universe.  The 
large  nebula  in  Orion,  described  above,  is 
considered  as  one  of  the  most  striking  evi- 
dences that  such  a  substance  is  distributed 
throughout  the  sidereal  regions ;  for  the  whole 
light  and  power  of  Herschel's  forty-feet  tele- 
scope, though  four  feet  in  aperture,  was  in- 
sufficient to  resolve  it  into  stars,  although 
from  certain  circumstances  it  appears  to  be 
one  of  the  nearest,  as  it  is  one  of  the  bright- 
est, of  those  nebulous  masses.  It  has  there- 
fore become  a  subject  of  interesting  inquiry, 
"  What  are  those  huge  masses  of  unformed 
matter  we  call  the  nebulae  ]  and  what  pur- 
poses do  they  serve  in  the  economy  of  crea- 
tion]" 

It  is  an  opinion  now  very  generally  enter- 
tained, that  the  self-luminous  matter  to  which 
we  refer  is  the  chaotic  materials  out  of  which 
new  suns  or  worlds  may  be  formed,  and  that 
it  is  gradually  concentrating  itself  by  the 
effect  of  its  own  gravity,  and  of  the  circular 
motions  of  which  it  may  be  susceptible,  into 
denser  masses,  so  as  ultimately  to  effect  the 
arrangement  and  establishment  of  sidereal 
systems.  It  is  argued  that  this  opinion  is 
highly  probable,  from  the  consideration  that 
we  find  the  nebulas  in  almost  every  stage  of 
condensation.  Such  nebulse  as  are  repre- 
sented in  Figures  59  and  62  are  viewed  as 
consisting  of  nebulous  matter  in  its  rudest 
and  most  chaotic  state  ;  and  Figures  63,  64, 
65,  and  also  Figures  66,  67,  68,  as  similar 
matter  in  a  state  of  progress  towards  conden- 
sation. The  four  figures  marked  71  are  con- 
sidered as  specimens  of  this  gradual  conden- 
sation, in  which  the  progress  may  be  traced 
from  the  left-hand  figure  to  the  right.  It  has 
ever  been  maintained  by  some  late  writers  on 
this  subject  that  this,  in  all  probability,  is  the 
mode  in  which  the  different  systems  of  the 
universe  were  gradually  brought  into  the  state 
in  which  we  now  behold  them,  and  that  the 
sun  and  planets  of  the  system  to  which  we 
belong  derived  their  origin  from  a  similar 
cause ;  and  it  has  likewise  been  attempted  to 
connect  the  geological  changes  in  the  structure 
of  our  globe  with  the  operation  of  a  principle 
or  law  by  which  such  a  thin  filmy  substance 
as  a  nebula  was  condensed  into  such  a  hete- 


rogeneous mass  of  solidity  as  we  find  in  the 
constitution  of  the  terraqueous  globe ;  and  it 
has  been  insinuated  that  the  zodiacal  light  is 
a  portion  of  the  original  nebula  of  which  the 
sun  and  planets  were  formed,  and  a  presump- 
tive evidence  that  the  nebular  hypothesis  is 
true.  According  to  these  theorists,  the  sun 
is  still  to  be  considered  as  a  nebulous  star  in 
a  high  state  of  condensation,  and  may  exhibit 
such  an  appearance  when  viewed  from  a 
neighbouring  system. 

Such  conclusions,  to  say  the  least,  are  ob- 
viously premature.  We  know  too  little,  in 
the  mean  time,  of  the  nature  of  that  nebulous 
matter  which  is  dispersed  through  the  hea- 
vens, or  of  the  motions  with  which  its  parti- 
cles may  be  endued,  to  be  able  to  determine 
its  susceptibility  of  being  condensed  and  ar- 
ranged into  suns  and  planets.  We  have 
never  yet  seen  the  same  nebula  progressing 
from  one  stage  of  condensation  to  another, 
from  a  chaotic  to  a  state  of  organization ;  nor 
is  it  likely  we  ever  shall,  even  supposing  the 
hypothesis  to  be  well  founded,  as  an  indefinite 
number  of  years,  or  even  of  ages,  must  b« 
requisite  before  such  a  revolution  can  be  ac- 
complished. Yet  the  observations  of  future 
astronomers  on  this  department  of  the  side 
real  heaven's  may  tend  to  throw  some  addi 
tional  light  on  this  mysterious  subject. 

It  forms  no  conclusive  argument,  however, 
against  this  hypothesis  that  it  is  difficult  to 
conceive  how  a  fluid  of  a  nature  so  apparently 
rare  can  ever  be  condensed  to  the  hardness 
of  a  planet  or  a  sun ;  for  if  we  suppose  a  ne- 
bulosity in  its  most  diffused  state  to  be  twenty 
minutes  in  diameter,  and  to  be  compressed  by 
central  attraction  and  rotary  motion  till  it  be- 
come only  one  minute  in  diameter,  the  ratio 
of  its  density  in  the  latter  state  compared  with 
that  of  the  former  would  be  as  eight  thousand 
to  one,  since  spheres  are  to  each  other  as  the 
cubes  of  their  diameters.  Suppose  its  den- 
sity in  the  first  state  were  equal  to  that  of 
atmospheric  air ;  its  density,  when  compressed 
in  the  proportion  supposed,  would  be  nine 
times  heavier  than  water,  which  is  nearly 
equal  to  the  weight  of  silver,  and  twice  the 
average  density  of  our  globe ;  but  if  such  a 
process  be  going  on  in  any  of  these  bodies, 
numerous  ages  must  elapse  before  such  a 
consolidation  can  be  effected,  for  no  sensible 
change  appears  to  have  taken  place  during 
the  period  in  which  such  bodies  have  come 
under  our  observation. 

Nor  do  we  conceive  that  this  hypothesis  is 
inconsistent  with  what  we  know  of  the  attri- 
butes and  operations  of  the  Almighty ;  for  all 
the  movements  ^nd  changes  going  on  in  our 
terrestrial  system  and  throughout  the  universe 
are  the  effects  of  certain  laws  impressed  upon 
matter  by  the  hand  of  the  Creator,  by  the 
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uniform  operation  of  which  his  wise  and  be- 
neficient  designs  are  accomplished.  If,  then, 
it  forms  a  part  of  his  designs  that  new  suns 
and  systems  shall  be  formed  to  diversify  the 
spaces  of  immensity,  and  if  he  has  created 
huge  masses  of  subtile  luminous  matter,  and 
endued  them  with  certain  gravitating  powers 
and  rotary  motions  for  this  purpose,  his 
almighty  agency  and  infinite  wisdom  may  be 
as  clearly  and  magnificently  displayed  in  this 
case  as  if  a  system  of  worlds,  completely  or- 
ganized, were  to  start  into  existence  in  a  mo- 
ment. Perhaps  the  gradual  evolution  of  his 
designs  hi  such  a  case  might  afford  matter  of 
admiration  and  enjoyment  to  certain  orders 
of  superior  beings  who  are  privileged  to  take 
a  near  view  of  such  stupendous  operations. 
But  supposing  such  physical  processes  going 
forward,  we  must  necessarily  admit  that  a 
direct  interference  of  the  Deity  is  necessary 
before  such  worlds,  after  being  organized,  can 
be  replenished  with  inhabitants  ,•  for  matter 
and  motion,  by  whatever  laws  they  may  be 
directed,  cannot  be  supposed  to  produce  the 
organization  of  a  plant  or  an  animal,  much 
less  of  a  rational  being,  whose  intellectual 
principle  and  faculties  must  be  communicated 
by  the  immediate  "inspiration  of  the  Al- 
mighty." To  suppose  otherwise  would  be 
virtually  to  adopt  a  species  of  atheism. 

All  that  we  require  on  this  point  is  some 
more  direct  and  decisive  proofs  of  the  validity 
of  the  hypothesis  we  are  now  considering ; 
and  till  such  proofs  be  elicited  we  are  not 
warranted  to  enter  into  particular  specula- 
tions, and  to  speak  with  so  much  confidence 
on  the  subject  as  certain  theorists  have  lately 
done.  Sir  John  Herschel,  who  has  paid  more 
attention  to  this  subject,  and  made  more  ac- 
curate observations  on  this  nebulae,  than 
almost  any  other  individual,  is  far  from  being 
confident,  and  speaks  with  becoming  hesitation 
and  modesty  in  relation  to  this  hypothesis. 
"  If  it  be  true,"  says  he,  "  that  a  phospho- 
rescent or  self-luminous  matter  exists,  dissemi- 
nated through  extensive  regions  of  space  in 
the  manner  of  a  cloud  or  fog, — now  assuming 
capricious  shapes  like  actual  clouds  drifted  by 
the  wind,  and  now  contracting  itself  like  a 
cometic  atmosphere  around  particular  stars — 
what,  we  naturally  ask,  is  the  nature  and  des- 
tination of  this  nebulous  matter  1  Is  it  ab- 
sorbed by  the  stars  in  whose  neighbourhood 
it  is  found  to  furnish,  by  its  condensation, 
their  supply  of  light  and  heat  ]  or  is  it  pro- 
gressively concentrating  itself  by  the  effect  of 
its  own  gravity  into  masses,  and  so  laying  the 
foundation  of  new  sidereal  systems  or  of  insu- 
lated stars  1  It  is  easier  to  propound  such 
questions  than  to  offer  any  probable  reply  to 
them.  Meanwhile,  appeal  to  fact,  by  the 
method  of  constant  and  diligent  observation, 


is  open  to  us ;  and  as  the  double  stars  have 
yielded  to  this  style  of  questioning,  and  dis- 
closed a  series  of  relations  of  the  most  intelli- 
gible and  interesting  description,  we  may 
reasonably  hope  that  the  assiduous  study  of 
the  nebulse  will  ere  long  lead  to  some  clearer 
understanding  of  their  intimate  nature." 

On  the  whole,  the  nebula,  whether  resolv- 
able or  irresolvable,  open  to  view  an  inex- 
haustible field  of  contemplation  and  wonder. 
By  far  the  greater  part  of  the  nebulae  are  un- 
doubtedly clusters  of  stars,  some  of  them  per- 
haps containing  as  many  millions  as  our 
Milky  Way,  and  occupying  a  space  in  the 
tracts  of  immensity  which  imagination  can 
never  fathom ;  but  a  considerable  proportion 
of  these  bodies  evidently  appear  to  be  masses 
of  self-luminous  substances,  without  any  indi- 
cation of  being  formed  into  organized  systems ; 
and  how  enormous  must  be  the  extent  of 
most  of  those  masses,  and  how  vast  the  re- 
gions of  space  which  they  fill !  If  every  one 
of  those  bodies  be  only  one-half  the  size  of 
the  great  nebula  in  Orion,  what  a  prodigious 
mass  of  matter  must  they  contain,  and  what 
an  immense  space  must  hundreds  and  thou- 
sands of  them  occupy  !  To  limited  minds 
such  as  ours,  such  spaces  appear  as  approxi- 
mating to  infinity,  and  all  our  previous  ideas 
of  the  amplitude  of  planetary  systems  sink 
into  something  approaching  to  inanity. 
Whatever  purposes  these  immense  masses 
of  matter  may  serve  under  the  administration 
of  Infinite  Wisdom,  certain  it  is  they  exist 
not  in  vain.  They  accomplish  designs  worthy 
of  the  plans  of  Divine  Intelligence,  and  have 
doubtless  a  relation,  in  one  respect  or  another, 
to  the  enjoyments  of  intelligent  beings ;  but 
the  full  developement  of  the  plans  and  agencies 
of  the  Deity  in  this  and  in  many  other  parts 
of  the  economy  of  the  universe,  must  be  con- 
sidered as  reserved  for  another  and  a  future 
scene  of  existence. 

SECTION  VI. 
List  of  some  of  the  Larger  Nebulas. 

For  the  sake  of  those  who  wish  to  inspect 
some  of  the  nebulous  bodies  by  means  of  tele- 
scopes, I  have  subjoined  the  following  list 
from  Messier's  Catalogue,  along  with  the 
more  recent  observations  of  Sir  W.  Herschel. 
The  right  ascensions  and  declinations  are 
given  in  degrees  and  minutes,  by  which  the 
places  of  these  bodies  may  be  very  nearly 
found  on  a  celestial  globe.  If  it  be  judged 
expedient  to  reduce  the  degrees  and  minute* 
of  right  ascension  to  time,  it  may  be  done  by 
the  following  rules : — Divide  the  number  of 
degrees  by  15,  the  quotient  is  hours ;  and  the 
remaindw  reduced  to  minute?,  and  divided  by 
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15,  gives  the  minutes,  &c.  of  time :  or,  multi- 
ply the  given  number  of  degrees  and  minutes 
by  4,  and  divide  the  degrees  in  the  product 
by  60,  the  quotient  is  hours,  and  the  remain- 
der minutes,  &c.  Thus,  320°  17'  is  equal 
to  21  hours,  21  minutes,  and  8  seconds  of 
time. 

In  the  following  list,  R.  A.  means  right  as- 
cension; dec.,  declination;  S.,  south;  N., 
north  ;  diam.,  diameter  of  the  object,  which  is 
expressed  in  minutes  of  a  degree. 

1.  R.A.   80°  0'  33";  dec.  N.  21°  45'  27"; 
above  the  Bull's  southern  horn  west  of 
the    star  £:  this  consists   of  a  whitish 
light,  elongated  like  the  flame  of  a  taper : 
it  exhibited  a  mottled  nebulosity  to  Sir 
W.  Herschel. 

2.  R.A.  320°  17';  dec.  S.  1°  47';  diam.  4'; 
in  the  head  of  Aquarius,  near  the  24th 
star :  it  appears  like  the  nucleus  of  a 
comet,   surrounded  with  a  large  round 
nebula:    Sir   W.   Herschel   resolved   it 
into  stars. 

3.  R.A.   202°  51'  19";  dec.  N.  29°   32' 
57";  diam.  3';   between  Arcturus  and 
Cor  Caroli:  it  is  round,  bright  in  the 
centre,   and   fades   away   gradually :   it 
exhibited  a  mottled  nebulosity  to  Sir  W. 
Herschel. 

4.  R.A.  242°  16'  26" ;  dec.  S.  25°  55'  40" ; 
diam,  2^';   near  Antares :    a  mass  of 
stars. 

5.  R.A.  226°  39';  dec.  N.  2°  57';  diam. 
3' ;  near  6   Seppent :   a  round  nebula, 
resolved  into  stars  by  Sir  W.  Herschel. 

6.  R.A.  261°  10'  39";  dec.  S.  32°  10'  34"; 
diam.  15';  between  the  bow  of  Sagitta- 
rius and  the  tail  of  Scorpio :  a  mass  of 
small  stars. 

7.  R.A.  264°  30'  24" ;  dec.  S.  34°  40'  34"; 
diam.  30' :  a  mass  of  small  stars  near  the 
preceding. 

8.  R.A.  267°  29'   30";   dec.  S.   24°  21'; 
diam.  30' ;  between  the  bow  of  Sagitta- 
rius and  the  right  foot  of  Ophiuchus :  an 
elongated  mass  of  stars.     Near  this  mass 
is  the  9th  of  Sagittarius,  which  is  encir- 
cled with  a  faint  light. 

9.  R.A.  256°  20$';    dec.  S.   18°   13'  26"; 

diam.  3' ;  in  the  right  leg  of  Ophiuchus : 
round  and  faint,  but  resolved  by  Sir  W. 
Herschel  into  stars. 

10.  R.A.  251°    12'  6";    dec.  S.    30°  42'; 

diam.  4' ;  in  the  girdle  near  30  Ophiu- 
chus :  a  fine  and  round  nebula,  resolved 
into  stars  by  Sir  W.  Herschel. 

11.  R.A.    279°    35'    43";    dec.  S.   6°   31'; 

diam.  4' ;  near  K  Antinous :  a  mass  of 
many  stars,  mixed  with  a  faint  light. 

12.  R.A.  248°  43' ;  dec.  S.  2°  30  £' ;  diam. 

3' ;  between  the  arm  and  left  side  of 


Ophiuchus :  round  and  faint :  near  it  is 
a  star  of  the  ninth  magnitude :  resolved 
into  stars  by  Sir  W.  Herschel. 

13.  R.A.   248°    18'  48";    dec.  N.  36°  54' 

44" ;  diam.  6' ;  in  the  girdle  of  Her- 
cules, between  two  stars  of  the  eighth 
magnitude :  round,  and  bright  in  the 
middle,  resolved  into  stars  by  Sir  W. 
Herschel. 

14.  R.A.  261°    18£';    dec.   S.  3°   5'   45"; 

diam.  7' ;  in  the  drapery  over  the  right 
arm  of  Ophiuchus:  round  and  faint: 
near  a  star  of  the  ninth  magnitude  :  re- 
solved into  stars  by  Sir  W.  Herschel. 

15.  R.A.  319°  40';  dec.  N.  10°  40';  diam. 

3' ;  between  the  head  of  Pegasus  and 
that  of  the  Little  Horse :  round,  and 
bright  in  the  centre,  resolved  into  stars 
by  Sir  W.  Herschel. 

16.  R.A.  271°   15';    dec.  N.  13°  51' 44"; 

diam.  8' ;  near  the  Serpent's  tail ;  a 
mass  of  small  stars,  mixed  with  a  fabt 
light,  resolved  by  Sir  W.  Herschel. 

17.  R.A.  271°  45'   48";     dec.  S.   16°   14' 

44" ;  diam.  5' ;  north  of  the  bow  of  Sa- 
gittarius: a  train  of  faint  light,  with 
stars. 

18.  R.A.   271°  34';  dec.  S.   17°  13';  diam. 

5';  above  the  preceding:  a  mass  of 
small  stars,  surrounded  with  nebulosity. 

19.  R.A.    252°  1'  45" ;  dec.  S.  25°  54'  46"  ; 

diam.  3' ;  between  Scorpio  and  the  right 
foot  of  Ophiuchus :  round,  and  resolved 
into  stars  by  Sir  W.  Herschel. 

20.  R.A.   267°  4'  5" ;  dec.  S.  22°  59'  10" ; 

between  the  bow  of  Sagittarius  and 
right  foot  of  Ophiuchus :  a  mass  of  stars 
of  the  eighth  and  ninth  magn-itudes, 
surrounded  with  nebulosity. 
21.R.A.  267°  31'  35";  dec.  S.  22°  31' 
25";  diam.  6';  near  11  Sagittarius: 
similar  to  the  preceding. 

22.  R.A.  275°  28'  39"  ;  dec.  S.  24°  6'  11"; 

diam.  15';  near  25  Sagittarius:  round, 
and  resolved  into  stars  by  Sir  W.  Her- 
schel. 

23.  R.A.  265°  42'  50";     dec.  S.   18°  45' 

55"  ;  diam.  1°  30' ;  near  65  Ophiuchus. 
a  mass  of  stars  very  near  each  other. 

24.  R.A.  270°   26';    dec.  S.   18°   26';  near 

end  of  the  bow  of  Sagittarius  in  the 
Milky  Way :  great  nebulosity  contain- 
ing several  stars,  the  ..light  is  divided 
into  several  parts. 

25.  R.A.  274°   25';    dec.   S.    19°  5';  diam. 

10';  near  preceding,  near  21  Sagitta- 
rius :  a  mass  of  small  stars. 

26.  R.A.  278°  5'  22";  dec.  S.  9°  38'  14"; 

diam.  2' ;  near  n  and  o  Antinous :  a 
mass  of  small  stars. 

27.  R.A.  297°   21'  41";    dec.  N.  22°  4'; 

diam.  4' ;  near  14  of  the  Fox :  oval : 
(623) 
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it  exhibited  a  mottled  nebulosity  to  Sir 
W.  Herschel. 

28.  R.A.  272°  29^' ;  dec.  S.  24°  57' ;  diam. 

2' ;  a  degree  from  x.  Sagittarius  :  round, 
and  resolved  into  stars  by  Sir  W.  Her- 
schel. 

29.  R.A.  303°  54^';  dec.  N.  37°  12';  below 

«y  Cygni :  a  mass  of  seven  or  eight  small 
stars. 

30.  R. A.  321°  46';  dec.  S.  24°  19';  diam. 

2' ;  near  41  Capricorn  :  round,  and  re- 
solved into  stars  by  Sir  W.  Herschel. 

31.  R.A.  7°  26A';  dec.  N.  39°  9£' ;  diam. 

40' ;  in  Andromeda's  girdle :  it  resem- 
bles two  cones  of  light  joined  at  their 
base,  which  is  15'  broad:  resolved  into 
stars  by  Sir  W.  Herschel. 

32.  R.A.  7°  27£' ;  dec.  N.  38°  45£' ;  diam. 

2' ;  below  the  preceding :  round,  with- 
out stars,  and  with  a  faint  light. 

33.  R.A.  20°  9' ;  dec.  N.  29°  32$';  diam. 

15' ;  below  the  head  of  the  North  Fish 
and  the  Great  Triangle :  its  light  is  uni- 
form and  whitish :  it  exhibited  a  mottled 
nebulosity  to  Sir  W.  Herschel. 
34  R.A.  36°  51£' ;  dec.  N.  41°  39£';  diam. 
15';  between  Medusa's  head  and  the 
left  foot  of  Andromeda :  a  mass  of  small 


35.  R.A.  88°  40' ;  dec.  N.  24°  33^' ;  diam. 

20' ;  near  y.  and  »  Castor :  a  mass  of 
small  stars  near  Castor's  left  foot. 

36.  R.A.   80°  11' 42";  dec.  N.  34°   8'   6"; 

diam.  9';  near  <p  Bootes:  a  mass  of 
small  stars. 

37.  R.A.  84°  15' ;   dec.  N.  32°  12' ;  near  the 

preceding :  a  mass  of  small  stars,  with  a 
nebulosity,  resolved  into  stars  by  Sir  W. 
Herschel. 

38.  R.A.  78°  10';  dec.  N.  36°  12';  near  a- 

Aurigae :  a  square  mass  of  stars. 

39.  R.A.  320°  57' ;  dec.  N.  47°  25' ;  diam. 

15' ;  near  the  Swan's  tail :  a  mass  of 
small  stars. 

40.  R.A.  182°  45£' ;  dec.  N.  59°  24' ;   diam. 

1°  ;  at  the  root  of  the  Great  Bear's  tail : 
two  stars,  very  near  each  other. 

41.  R.A.  98°  58' ;    dec.  S.  20°  33' ;  below 

Sirius :  a  mass  of  small  stars. 

42.  R.A.  80°  59'  40" ;  dec.  S.  5°  34'  6" ; 

diam.  6' ;  between  0  and  c  in  Orion's 
sword:  a  beautiful  nebula  containing 
seven  small  stars. 

43.  R.A.  81°  3' ;  dec.  S.  5°  26'  37"  ;   above 

the  preceding:  a  star  surrounded  with 
nebulosity. 

44.  R.A.  126°  501';  dec.  S.  20°  31^';  be- 

tween y  and  8  Cancer :  a  mass  of  small 
stars. 

45.  R.A.   53°  27'  4";  dec.  N.  23°  22'  41" ; 

the  Pleiades :  a  cluster  of  stare. 

46.  R. A.   112°  47'  43";  dec.  S.   14°    19'; 

(624) 


between  the  Great  Dog's  head,  and  the 
hind  feet  of  the  Unicorn :  a  mass  of  stars 
with  a  little  nebulosity. 

47.  R.A.  116°  4' ;  dec.  S.  14°  50' ;   near  the 

preceding :  a  mass  of  small  stars. 

48.  R.A.    120°   36';    dtc.    S.   1°    16'  42"; 

near  the  three  stars  at  the  root  of  Uni- 
corn's tail :  a  mass  of  small  stars. 

49.  R.A.    184°  26'  58";  dec.  N.  9°  16'  9"; 

near  p  Virgo. 

50.  R.  A.   102°   57A' ;   dec.  S.  7°  57'  42"  ; 

above  9  Great  Dog :  a  mass  of  small 
stars  below  Unicorn's  right  thigh. 

51.  R.A.  200°  5'  48";    dec.  N.  48°  24'  24"; 

below  »7  Great  Bear,  near  the  ear  of  the 
Northern  Grayhound :  double :  the  two 
atmospheres,  whose  centres  are  4'  35" 
distant,  touch  one  another,  and  arc  bright 
in  the  middle ;  the  one  is  fainter  than 
the  other :  resolved  into  stars  by  Sir  W. 
Herschel. 

52.  R.A.  348°  39^' ;    dec.  N.  60'  22" ;  be- 

low d  Cassiopeia :  a  mass  of  stars 
mixed  with  a  nebulosity,  according  to 
Sir  W.  Herschel :  this  cluster  appears 
like  a  solid  ball,  consisting  of  small  stars, 
quite  compressed  into  one  blaze  of  light, 
with  a  great  number  of  loose  ones  sur- 
rounding it. 

53.  R.A.  195°  30^';  dec.  N  19°  22'   44"; 

near  42  Berenice's  hair  :  round,  and  re- 
solved into  stars  by  Sir  W.  Herschel. 

54.  R. A.  280°  13';  dec.  S.   30°  44';  diam. 

6*;  in  Sagittarius:  faint,  and  bright  in 
the  centre. 

55.  R.A.  291°  30£';  dec.  S.  31°  26^' ;   in 

Sagittarius :  a  white  spot,  resolved  into 
stars  by  Sir  W.  Herschel. 

56.  R.A.2870;  dec   N.  29°  48';   near  the 

Milky  Way,  faint,  resolved  into  stars  by 
Sir  W.  Herschel. 

57.  R.A.  281°  20' ;  dec,  N.  32°  46' ;  between 

y  and  |3  Lyra :  round,  and  consisting  of 
a  mottled  nebulosity. 

58.  R.A.  136°  37^' ;  dec.  N.  13°  2'  42" ;   in 

Virgo :  very  faint,  without  any  star. 

59.  R.A.  187°  41'  38";   dec.  N.   12°  52^'; 

near  the  preceding  :  very  faint,  without 
any  star. 

60.  R.A.  188°  7' ;   dec.  N.  12°  46' ;  in  Virgo  : 

brighter  than  the  two  preceding. 

61.  R.A.  182°  41' ;  dec.  N.  5°  12' ;  in  Virgo  : 

very  faint. 

62.  R.A.  251°  48$';   dec.  S.  29°  45^;   in 

Scorpio:  like  a  comet,  with  a  brilliant 
centre  surrounded  with  a  faint  light ;  re- 
solved into  stars  by  Sir  W.  Herschel. 

63.  R.A.  196°  5£' ;    dec.  N.  43°  12^;  in  the 

Canes  Venatici :  very  faint. 

64.  R.A.  191°  27'  38"  ;  dec.   N.  22°  52£'; 

in  Berenice's  hair  :  faint. 

65.  R.A.  166°  51' ;  dec.  N.  14°  16';  in   the 
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Lion :  faint,  but  resolved  into  stars  by 
Sir  W.  Herschel. 

66.  R.A.  167°  11'  39";  dec.  N.  14°  12' 21"; 

very  near  the  preceding :  very  faint,  but 
resolved  into  stars  by  Sn  W.  Herschel. 

67.  R.A.  129°  1' ;   dec.  N.  12°  36'  38" ;  be- 

low  the  northern  claw  of  the  Crab:  a 
a  mass  of  stars  with  nebulosity.  It  is  a 
cluster  pretty  much  compressed,  in  which 
Sir  W.  Herschel  has  observed  200  stars 
at  once  with  a  power  of  1 57.  (See  p.  79.) 

68.  R.A.  186°  54$' ;  dec.  S.  25°  30£' ;  diam. 

2' ;  below  the  Crow,  very  faint. 

69.  R.A.   274°    11'    46";   dec.  S.  32°  31' 

45" ;  diam.  2' ;  below  the  left  arm  of 
Sagittarius:  faint,  like  the  nucleus  of  a 
small  comet. 

70.  R.A.  277°    13';   dec.  S.  32°  31';  diam. 

2' ;  near  the  preceding,  near  four  tele- 
scopic stars. 

71.  R.A.  295°  59'    9";  dec.   N.    18°    13'; 

diam.  3'  30" ;  between  y  and  8  of  the 
Arrow:  very  faint,  and  resolved  into 
stars  by  Sir  W.  Herschel. 

72.  R.A.  310°  20'  49"  ;   dec.  S.  13°  20'  51" ; 

diam.  2';  above  the  tail  of  Capricorn: 
faint,  but  resolved  into  stars  by  Sir  W. 
Herschel. 

73.  R.A.  311°  43';   dec.  S.  13°    28'  40" 

near  the  preceding :  three  or  four  small 
stars,  containing  a  little  nebulosity. 

74.  R. A.    21°    14';    dec.  N.  15°    39'   35"- 

near  q  in  the  string  that  connects  the 
Fishes :  very  faint,  but  resolved  into  stars 
by  Sir  W.  Herschel. 

75.  R.A.  298°  17'  24" ;   dec.  S.  22°  32'  23" ; 

between  Sagittarius  and  the  head  of 
Capricorn :  composed  of  small  stars  with 
nebulosity.  The  astronomer  Mechain 
makes  it  only  nebulous. 

76.  R.A.  22°  10'  47"  ;   dec.  N.  50°  28'  48" ; 

diam.  2' ;  in  Andromeda's  right  foot : 
composed  of  small  stars  with  nebulosity, 
small  and  faint. 

77.  R.A.  37°  52$' ;  dec.  S.    57'  43" ;  in  the 

Whale :  a  mass  of  stars  containing  ne- 
bulosity. 

78.  R.A.  83°  53$' ;   dec.  S.  1'  23" ;  diam.  3' ; 

in  Orion :  a  mass  of  stars  with  two  bright 
nuclei,  surrounded  with  a  nebulosity. 

79.  R.A.   78°  49' ;  dec.  S.  24°  43" ;  below 

the  Hare :  a  fine  nebula,  bright  in  the 
centre,  and  a  little  diffused,  resolved  into 
a  mottled  nebulosity  by  Sir  W.  Herschel. 

80.  R.A.   241°;  dec.  S.  22°  25';  diam.  2'; 

between  y  and  8  Scorpio :  round,  and 
bright  in  the  centre,  like  a  comet. 

81.  R.A.  144°  27'  44" ;  dec.  N.  70°  7'  24" ; 

near  the  ear  of  the  Great  Bear :  a  little 
oval,  bright  in  the  centre,  and  exhibiting 
a  mottled  nebulosity  to  Sir  W.  Herschel. 

82.  R.A.  144°  29'  22" ;   dec.  N.  70°  44'  27" ; 
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near  the  preceding :  faint  and  elongated, 
with  a  telescopic  star  at  its  extremity; 
it  showed  a  mottled  nebulosity  to  Sir  W. 
Herschel. 

83.  R.A.    201°  8';  dec.  S.  28°  42$';  near 

the  head  of  the  Centaur :  very  fatht. 

84.  R.A.    183°    30|';  dec.  N.   14°    7';    in 

Virgo:  bright  in  the  centre,  and  sur- 
rounded with  nebulosity. 

85.  R.A.    183°  35'  21";  dec.  N.  19°  24$'; 

above  and  near  Spica :  very  faint. 

86.  R.A.    183°  46'  21";    dec.   14°   10';  in 

Virgo :  the  same  as  No.  84,  and  near  it. 

87.  R.A.    184°   56';   dec.   N.    13°   38';   in 

Virgo :  as  luminous  as  the  preceding. 

88.  R.A.  185°  16';  dec.  N.  15°  38' ;  in  Virgo: 

very  feint,  and  like  No.  58. 

89.  R.A.  186°  9'  36" ;   dec.  N.  13°  46'  49"; 

near  No.  87 :  very  faint 

90.  R.A.    186°   27';  dec.  N.    14°   23';  in 

Virgo  :  very  faint. 

91.  R.A.    186°  37';  dec.  N.  14°  57'  ;  above 

the  preceding :  fainter  than  the  pre- 
ceding. 

92.  R.A.   257°  38';  dec.  N.  43°  22';  diam. 

5' ;  between  the  knee  and  left  leg  of 
Hercules ;  a  beautiful  nebula,  bright  in 
the  centre,  and  surrounded  with  great 
nebulosity :  resolved  into  stars  by  Sir 
W.  Herschel. 

93.  R.A.  113°  48'  35" ;  dec.  S.  23°  19'  45" ; 

diam.  8' ;  between  the  Great  Dog  and 
Ship :  a  mass  of  small  ste*- 

94.  R.  A.  190°  10' 46";   dec.N.42°io  *o    , 

diam.  2$' ;  above  Cor  Caroli :  bright  in 
the  centre,  with  a  diffused  nebulosity. 

95.  R.A.    158°  3'  5";  dec.  N.  12°  50'  21"; 

in  the  Lion,  above  /:  very  faint. 

96.  R.A.    158°  46£';  dec.  N.  12°  58';  near 

the  preceding :  fainter  than  the  pre- 
ceding. 

97.  R.A.    165°  18'  40";  dec.  N.  56°  13$' ; 

diam.  2' ;  near  j3  Great  Bear :  very  faint : 
another  near  it,  and  and  another  near  y. 

98.  R.A.  180°  50'  49";   dec.N.  16°  8'  15"; 

above  the  north  wing  of  Virgo :  very  faint. 

99.  R.A.  181°  55'  19"  ;   dec.N.  15°  37'  12"; 

on  the  north  wing  of  Virgo :  brighter 
than  the  preceding :  between  two  stars 
of  the  seventh  and  eighth  magnitude. 

100.  R.A.  182°  59' 19";  dec.  N.I  6°  59' 21"; 
in  the  ear  of  corn  of  Virgo  :  brighter  than 
No.  98. 

101.  R.A.  208°   52';   dec.  N.  55°  24' 25"; 
diam.  7' ;  between  the  left  hand  of  Bootes 
and  the   tail  of  the  Great  Bear:  very 
faint :  discovered  by  Mechain  :  mottled 
nebulosity,  according  to  Sir  W.  Herschel. 

102.  Between  o  Bootes  and  t  Draconis :  very 
faint :  discovered  by  Mechain. 

103.  Between  e  and  6  Cassiopeia:  amass  of 
stars. 
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CHAPTER  XIII. 

On  the  Aberration  of  the  Slars,  and  on  their  Proper  Motions. 


THE  aberration  of  the  fixed  stars  is  a  small 
change  of  place  in  the  heavens  which  they 
seem  to  undergo,  and  by  which  they  appear 
to  describe,  in  the  course  of  a  year,  an  ellipsis 
or  circle,  the  greatest  diameter  of  which  is 
about  forty  seconds.  This  remarkable  fact 
was  discovered,  near  the  middle  of  the  last 
century,  by  the  celebrated  Dr.  Bradley,  for- 
merly Regius  Professor  of  Astronomy  at  Green- 
wich. 

In  Chapter  IV.,  when  describing  the  mode 
of  finding  the  parallaxes  of  the  fixed  stars,  I 
have  given  a  brief  detail  of  the  circumstances 
which  led  to  this  discovery,  and  the  observa- 
tions from  which  the  aberration  of  the  stars 
was  deduced.  Before  perusing  the  following 
illustrations  of  this  subject,  it  may  not  be  im- 
proper for  the  reader  to  reperuse  what  was 
there  stated  in  reference  to  this  point,  parti- 
cularly the  illustration  of  this  phenomenon 
given  in  the  description  of  Fig.  7,  (p.  34, 
35.)  It  is  there  stated  that  Dr.  Bradley  and 
his  friend  Mr.  Molyneux  were  very  much 
perplexed  at  the  result  of  their  observations  ; 
since,  instead  of  observing  a  motion  indicating 
an  annual  parallax,  they  found  a  result  direct- 
ly opposite  to  what  they  expected.  Many 
theories  and  conjectures  were  proposed  to 
solve  the  appearances,  but  nothing  satisfactory 
was  elicited,  till  one  day,  when  Dr.  Bradley 
was  enjoying  the  amusement  of  sailing  about 
on  the  Thames,  he  observed  that  every  time 
the  boat  tacked,  the  direction  of  the  wind,  es- 
timated by  the  direction  of  the  vane,  seemed 
to  change.  This  immediately  suggested  to 
him  the  cause  of  the  phenomenon  which  had 
BO  much  perplexed  him,  and  he  ultimately 
found  it  to  be  an  optical  illusion  occasioned 
by  a  combination  of  the  motion  of  light  with 
the  motion  of  his  telescope  while  observing 
the  polar  stars — a  discovery  of  no  inconsider- 
able importance,  and  which  will  immortalize 
the  name  of  this  sagacious  and  indefatigable 
astronomer.  He  perceived  that,  if  light  is 
propagated  in  time,  the  apparent  place  of  a 
fixed  object  will  not  be  the  same  when  the 
eye  is  at  rest,  as  when  it  is  moving  in  any 
other  direction  than  that  of  the  line  passing 
through  the  eye  and  the  object ;  and  that, 
when  the  eye  is  moving  in  different  directions, 
the  apparent  place  of  the  object  will  be  dif- 
ferent 

We  see  an  object  in  consequence  of  the 
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rays  of  light  proceeding  from  it  striking  our 
eyes,  and  we  see  the  place  of  the  object  in  the 
direction  in  which  they  proceed.  If  light  be 
in  motion  and  the  eye  at  rest,  the  object  will 
appear  in  its  real  place,  provided  no  refracting 
medium  intervene ;  but  if  the  eye  be  in  mo- 
tion, and  this  motion  in  a  different  direction 
from  that  of  the  rays  of  light,  the  object  will 
not  be  seen  in  its  true  position.  Let  us  sup- 
pose the  earth  in  its  circuit  round  the  sun  just 
arrived  opposite  to  a  fixed  star,  which  sends 
off  rays  perpendicularly  to  the  direction  of 
the  earth's  motion.  The  eye  of  the  spectator 
meets  the  ray,  and,  as  he  perceives  not  his 
own  motion,  he  supposes  the  light  to  be  moving 
in  a  different  direction ;  as  when  we  sail 
along  a  winding  river,  certain  objects  on  the 
banks  appear  to  pass  us  in  different  directions. 
The  eye  misses  the  perpendicular  ray,  but 
meets  an  oblique  one,  and  thence  receives  the 
impression  of  the  light  in  the  direction  which 
results  from  this  compound  motion — namely, 
in  the  diagonal  of  a  parallelogram,  the  sides 
of  which  represent  the  real  motion  of  light. 
The  spectator  sees  the  star  in  its  true  place 
only  when  he  is  approaching  it  or  receding 
from  it  in  a  straight  line.  When  moving  in 
any  other  direction,  the  star  appears  a  little  in 
advance  of  its  true  position ;  and  these  appa- 
rent changes  in  the  situation  of  the  heavenly 
bodies,  occasioned  by  the  annual  motion  of 
the  earth,  are  distinguished  by  the  aberration 
of  light.  They  are  common,  to  a  certain  ex- 
tent, to  all  the  celestial  orbs,  and  are  only 
more  perceptible  and  striking  in  the  case  of 
the  fixed  stars.  In  consequence  of  this  aber- 
ration during  the  revolution  of  the  earth  round 
the  sun,  the  stars  appear,  according  as  they 
are  situated  in  the  plane  of  the  ecliptic,  or  in 
its  poles,  or  somewhere  between  them,  in  the 
first  case,  to  deviate  in  a  straight  line  to  the 
right  or  left  of  their  true  place ;  in  the  second, 
to  describe  a  circle,  or  something  nearly  ap- 
proximating to  it ;  and  in  the  third,  an  ellipse 
about  that  point  which  observation  determines 
to  be  their  real  situation. 

This  subject  requires  a  little  degree  of  at- 
tention in  order  to  a  clear  understanding  of  it. 
Perhaps  the  following  illustrations  may,  in 
some  measure,  render  it  plain  to  the  general 
reader. 

Suppose  A  B,  in  the  following  figure,  to 
represent  a  part  of  the  orbit  of  the  earth,  and 
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C  B  &  ray  of  light   descending  from  a  star    descent,  be  found  in  the  axis  of  the  tube ;  and 
upon  the  earth's  orbit,  A  B ;  if  the  eye  be  at    a  spectator,  referring  to  the  tube  the  motion 

Fig.  74. 
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rest  at  B,  the  object  will  appear  in  the  direc- 
tion B  C ;  but  if  the  eye  be  moving  from 
A  towards  B,  and  light  be  propagated  with  a 
velocity  that  is  to  the  velocity  of  the  eye  (or 
of  the'  earth's  motion)  as  C  B  to  B  A,  that 
particle  of  it,  by  which  the  object  will  be  dis- 
cerned when  the  eye  comes  to  B  will  be  at  C 
when  the  eye  is  at  A  ;  the  star,  therefore,  will 
appear  in  the  direction  A  C ;  and  as  the  earth 
moves  through  the  equal  parts  of  its  orbit,  A 
H,  H  I,  I K,  &c.,  the  light  coming  from  the 
star  will  move  through  the  equal  divisions  C 
d,  de,ef,  f  g,  g  B,  and  the  star  will  appear 
successively  in  the  directions  H  1,  J2,  K  3, 
L  4,  B  5,  which  are  parallel  to  A  C ;  so  that 
when  the  eye  comes  to  B,  the  object  will  be 
seen  in  the  direction  B  5. 

The  following  is  an  explanation  of  this  phe- 
nomenon as  given  by  Sir  John  Herschel. 
Suppose  a  shower  of  rain  to  fall  perpendicu- 
larly in  a  dead  calm ;  a  person  exposed  to  the 
shower  who  should  stand  quite  still  and  up- 
right would  receive  the  drops  on  his  hat,  which 
would  thus  shelter  him  ;  but  if  he  ran  forward 
in  any  direction  they  would  strike  him  in  the 
face.  The  effect  would  be  the  same  as  if  he 
remained  still,  and  a  wind  should  arise  of  the 
same  velocity  and  drift  them  against  him. 
Suppose  a  ball  to  fall  from  a  point  A  (fig.  75) 
above  a  horizontal  line  E  F,  and  that  at  B 
were  placed  to  receive  it  the  open  mouth  of 
an  inclined  hollow  tube  P  Q ;  if  the  tube 
were  held  immovable,  the  ball  would  strike 
on  its  lower  side  ;  but  if  the  tube  were  carried 
forward  in  the  direction  E  F  with  a  velocity 
properly  adjusted  at  every  instant  to  that  of 
the  ball,  while  preserving  its  inclination  to 
the  horizon,  so  that  when  the  ball  in  its  natu- 
ral descent  reached  C,  the  tube  should  have 
been  carried  into  the  position  R  S,  it  is  evi- 
dent that  the  ball  would,  throughout  its  whole 
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of  the  ball,  and  carried  along  with  the  former 
unconscious  of  its  motion,  would  fancy  that 
the  ball  had  been  moving  in  the  inclined  di- 
rection R  S  of  the  tube's  axis.  Our  eyes  and 
telescopes  are  such  tubes.  The  earth  is  mov- 
ing through  space  with  a  velocity  of  nineteen 
miles  per  second  in  an  elliptic  path  round  the 
sun,  and  is  therefore  changing  the  direction  of 
its  motion  at  every  instant.  Light  travels 
with  a  velocity  of  192,000  miles  per  second, 
which,  although  much  greater  than  that  of 
the  earth,  is  yet  not  infinitely  so.  Time  is 
occupied  by  it  in  traversing  any  space,  and 
in  that  time  the  earth  describes  a  space,  which 
is  to  the  former  as  19  to  192,000,  or  as  the 
tangent  of  20".5  to  radius.  Suppose,  now,  A 
P  S  to  represent  a  ray  of  light  from  a  star  at 
A,  and  let  the  tube,  P  Q,  be  that  of  a  tele- 
scope so  inclined  forward  that  the  focus  formed 
by  its  object  glass  shall  be  received  upon  its 
cross  wire,  it  is  evident,  from  what  has  been 
said,  that  the  inclination  of  the  tube  must  be 
such  as  to  make  PS:  S  Q::  velocity  of 
light:  velocity  of  the  earth::  tangent  20^": 
1 ;  and  therefore  the  angle  S  P  Q,  or  P  S  R, 
by  which  the  axis  of  the  telescope  must  de- 
viate from  the  true  direction  of  the  star,  must 
be  20^". 

The  aberration  of  the  stars  has  also  been 
illustrated  by  the  direction  in  which  a  gunner 
points  his  gun  at  a  bird  on  the  wing.  Instead 
of  levelling  A,  exactly  at  the  bird,  he  directs  it 
a  little  belutJ  the  bird  in  the  path  of  its  flight, 
and  so  much  the  more  in  proportion  as  the 
flight  of  the  bird  is  more  rapid  compared  with 
that  of  the  shot.  It  may  likewise  be  explained 
by  supposing  a  person  to  be  walking  in  a 
shower  of  rain  with  a  narrow  tube  in  his  hand, 
in  which  case  it  is  evident  that  the  tube  must 
have  a  certain  inclination,  so  that  a  drop  of 
rain  which  enters  at  the  top  may  fall  freely 
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through  it  without  touching  its  sides  ;  which 
inclination  must  be  greater  or  less  according 
to  the  velocity  of  the  drops  with  respect  to  the 
tube. 

From  the  discovery  of  the  aberration  of  the 
stars  the  following  conclusions,  among  others, 
have  been  deduced, — 1.  That  the  small  ap- 
parent motion  which  the  fixed  stars  have 
about  their  real  places,  arises  from  the  pro- 
portion which  the  velocity'of  the  earth's  mo- 
tion in  its  orbit  bears  to  that  of  light  This 
proportion  is  found  to  be  as  1  to  10,310;  or, 
in  other  words,  light  moves  with  a  velocity 
ten  thousand  three  hundred  and  ten  times 
greater  than  that  of  the  earth  in  its  annual 
course  round  the  sun.*  2.  From  this  dis- 
covery it  is  proved  that  the  velocity  of  light 
is  uniform  and  the  same,  whether  as  emitted 
originally  from  the  sun  and  stars,  or  reflected 
from  the  planets.  The  velocity  of  the  earth 
in  its  orbit  is  about  68,000  miles  an  hour ; 
consequently,  the  motion  of  light  in  the  same 
time  is  701,080,000,  or  a  little  more  than 
seven  hundred  millions,  which  gives  about 
eight  minutes  and  eight  seconds  as  the  time 
it  will  take  in  passing  from  the  sun  to  the 
earth.-j-  This  is  about  the  same  rate  of  the 
motion  of  light  as  first  determined  by  Roemer 
from  the  eclipses  of  Jupiter's  satellites ;  so 
that  the  two  discoveries  mutually  harmonize 
and  confirm  each  other,  and  prove  to  a  demon- 
stration the  progressive  motion  of  light,  and 
that  its  rate  of  motion  is  the  same  whether  as 
emanating  from  the  sun,  reflected  from  the 
satellites  of  Jupiter,  or  descending  from  the 
stars.  3.  The  aberration  of  light  affects  the 
apparent  right  ascensions  and  declinations  of 
all  the  stars.  Its  effect  on  each  particular  star 
is  to  make  it  apparently  describe  a  small  el- 
lipse in  the  heavens,  having  for  its  centre  the 
point  in  which  the  star  would  be  seen  if  the 
earth  were  at  rest.  Hence,  in  all  very  nice 
calculations  and  determinations  of  the  posi- 
tions of  the  stars,  allowance  must  be  made  for 
the  effects  produced  by  aberration.  3.  The 
aberration  of  light  affords  a  sensible  and  di- 
rect proof  of  the  motion  of  the  earth  in  its 
orbit  round  the  sun.  If  the  earth  were  not 


*This  is  the  proportion  of  radius  to  the  tangent 
of  twenty  seconds  and  a  half,  which  is  the  greatest 
apparent  displacement  of  the  star  caused  by  aber- 
ration, and  the  radius  of  the  circle  described  by 
the  star  round  its  real  place  in  the  course  of  a 
year. 

•fThis  is  found  by  multiplying  10,310=  the 
number  of  times  that  the  velocity  of  light  exceeds 
that  of  the  earth,  by  68,000  =  the  rate  of  the 
earth's  motion  in  an  hour;  the  product  is  701,080,- 
000.  This  product  divided  by  60  gives  the  rate  of 
motion  in  a  minute  =  11,084,666.  Divide  95,000,- 
000,  the  distance  of  the  sun  from  the  earth,  by 
this  last  number,  and  the  quotient  will  give  eight 
minutes  and  nearly  eight  seconds  as  the  time 
light  should  take  in  passing  fftm  the  eun  to  the 
earl*. 
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in  motion,  no  such  effect  as  that  of  the 
ration  of  the  stars  could  take  place.  If  the 
earth  were  at  rest,  rays  from  a  star  would  pass 
along  the  axis  of  a  telescope  directed  to  it . 
but  were  it  set  in  motion  with  its  present  ve- 
locity, these  rays  would  strike  against  the  side 
of  the  tube,  and  it  would  be  necessary  to  in- 
cline the  telescope  a  little  in  order  to  see  the 
star.  The  angle  contained  between  the  axis 
of  the  telescope  and  a  line  drawn  to  the  true 
place  of  the  star  is  just  what  we  call  its  aber- 
ration, which  could  not  take  place  if  the  earth 
were  not  in  motion.  That  the  earth  is  a 
planetary  body  moving  through  the  depths  of 
space  along  with  the  other  planets  of  our  sys- 
tem can  be  proved  by  numerous  considera- 
tions ;  but  the  fact  of  the  aberration  of  the 
stars  exhibits  this  motion  to  our  senses  as 
clearly  as  if  from  a  fixed  point  in  the  firma- 
ment we  actually  beheld  it  pursuing  its  course 
through  the  ethereal  regions;  so  that  the 
planetary  nature  of  our  globe,  and  the  truth 
of  the  Copernican  system,  are  no  longer  to 
be  considered  as  mere  hypotheses,  but  as  facts 
susceptible  of  the  strictest  demonstration. 

On  the  Proper  Motion  of  the  Stars. 

To  the  eye  of  a  common  observer,  all  the 
stars  and  constellations  in  the  heavens  appear 
to  preserve  the  same  relative  distances  from 
each  other ;  and  even  astronomers,  not  more 
than  two  centuries  ago  could  perceive  no  sepa- 
rate motions  or  variations  in  the  positions  of 
these  distant  orbs.  From  this  circumstance 
they  were  denominated  fixed  stars,  to  distin- 
guish them  from  the  planets,  which  were  ob- 
served to  shift  their  positions,  and  to  move 
through  different  parts  of  the  heavens.  After 
the  telescope  was  invented  and  applied  to  as- 
tronomical instruments,  astronomers  began  to 
suspect  that  some  of  the  stars  had  a  slight  de- 
gree of  proper  motion  or  change  in  their  rela- 
tive position,  but  it  was  a  considerable  time 
before  such  motions  could  be  distinctly  ascer- 
tained. These  motions  first  began  to  be  ob- 
served by  Dr.  Halley,  and  afterwards  by  Le- 
mon nier  and  Cassini,  and  were  completely 
confirmed  by  Tobias  Mayer,  who  compared 
the  places  of  eighty  stars  as  determined  by 
Roemer  with  his  own  observations,  and  found 
that  the  greater  part  of  them  had  a  proper 
motion.  He  likewise  suggested  that  the 
change  of  place  he  had  observed  among  these 
stars  might  arise  from  a  progressive  motion  of 
the  sun  towards  one  quarter  of  the  heavens. 
La  Lande  deduced  a  similar  opinion  from  the 
rotary  motion  of  the  sun,  by  supposing  that 
the  same  mechanical  force  which  gave  it  a 
motion  round  its  axis,  would  also  displace  its 
centre,  and  give  it  a  motion  of  translation  in 
absolute  space.  Of  the  same  opinion  was  Sir 
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W.  Herschel,  and  he  attempted,  by  a  com- 
parison of  the  proper  motions  of  all  the  stars 
that  had  been  ascertained,  to  determine  the 
point  of  the  heavens  towards  which  the  mo- 
tion of  the  sun  was  directed,  which  he  supposed 
was  that  occupied  by  the  star  Zeta  Herculis. 

If  the  sun  really  have  a  motion  in  absolute 
space  directed  towards  any  particular  quarter 
of  the  heavens,  it  is  obvious  that  the  stars  in 
that  quarter  must  appear  to  recede  from  each 
other,  while  those  in  the  opposite  region,  which 
the  sun  is  leaving  behind,  must  seem  gradually 
to  approach,  in  the  same  manner  as  when  we 
walk  through  a  forest,  the  ranges  of  trees  to 
which  we  advance  are  constantly  widening  in 
their  apparent  distance  from  each  other,  while 
the  distance  of  those  we  leave  behind  is  gradu- 
ally contracting.  It  does  not,  however,  appear, 
from  the  most  recent  observations,  that  the 
direction  in  which  the  sun  or  planetary  sys- 
tem is  moving  is  yet  determined,  although  it 
is  admitted  that  our  system  has  a  motion  in 
space,  and  that  the  apparent  proper  motions 
of  some  of  the  stars  may  be  the  result  of  our 
being  carried  in  a  certain  direction  through 
absolute  space  by  this  motion.  Such  a  mo- 
tion, and  even  the  direction  of  it,  might  be 
detected  by  such  sidereal  observations  as  those 
to  which  we  allude,  if  we  knew  accurately 
the  apparent  proper  motions  of  those  bodies, 
and  that  they  were  independent  of  any  gene- 
ral motions  common  to  all  the  stars ;  but  in 
the  present  stage  of  sidereal  observation,  it 
seems  to  be  the  general  opinion  of  the  most 
eminent  astronomers,  that  no  sufficient  data 
are  yet  afforded  for  deducing  definite  conclu- 
sions on  this  subject. 

The  following  table  contains  a  few  speci- 
mens of  the  annual  proper  motions  of  the 
stars  in  right  ascension  and  decimation,  in  se- 
conds and  decimals  of  a  second,  selected  from 
the  observations  of  Dr.  Maskelyne.  The  first 
column  contains  the  name  of  the  star;  the 
second,  its  magnitude ;  the  third,  its  annual 
proper  motion  in  right  ascension;  and  the 
fourth,  its  motion  in  declination. 


Names 
of  the  Stars. 

Magnitude. 

Annual  Motion 
in  R.  A. 

Annual  Motion, 
in  Dec. 

Seconds. 

Seconds 

Capella 
Sirius 

I 
1 

+  0.21 
—  0.42 

+  0.44  N. 

+  1.04  S. 

Castor 
Procyon 

1 

1.2 

—  0.15 
—  0.80 

+  .0.44  S. 
+  '0.95  S. 

PoHux 

2 

—  0.74 

0.00 

/?  Leonis 

1.2 

—  0.57 

+  0  07  S. 

/?Virginis 

3 

+  0.74 

+  0.24S. 

Arcturus 

1 

—  1.26 

+  1.72  S. 

Altair 

1.2 

+  0.48 

—  0.54  N. 

a  Lyra; 

1 

+  0.23 

—  0.27  N. 

Antares 

1 

0.00 

—  0  26  N. 

Ill  the  above  table,  the  sign  -|-  prefixed  to 
the  annual  variation  of  right  ascension  indi- 
cates that  the  variation  is  to  be  added  to,  and 


the  sign  —  that  it  is  to  be  subtracted  from, 
the  right  ascension,  to  obtain  the  true  place 
of  the  object  at  any  given  time. 

It  is  found  that  not  only  among  single,  but 
even  among  double  stars  such  motions  exist. 
While  revolving  round  each  other  in  the 
manner  formerly  described,  they  are  at  the 
same  time  carried  forward  through  space  with 
a  progressive  motion  common  to  both,  and 
without  sensibly  altering  their  distances  from 
each  other.  One  of  the  most  remarkable  of 
these  is  the  double  star  61  Cygni,  formerly 
described,  whose  annual  parallax  and  distance 
Professor  Bessel  appears  to  have  lately  deter- 
mined.* The  two  stars  of  which  it  is  com- 
posed are  nearly  equal  in  apparent  size,  and 
they  have  remained  constantly  at  the  same 
distance  of  15  seconds  for  at  least  fifty-seven 
years  past,  or  since  their  positions  began  to 
be  accurately  observed.  The  annual  proper 
motion  of  these  two  stars  is  found  to  be,  ac- 
cording to  Bessel,  5".123 ;  which  is  the  greatest 
annual  proper  motion  of  any  of  the  stars 
which  has  yet  been  discovered ;  consequently, 
during  the  period  now  mentioned,  they  must 
have  shifted  their  local  situation  in  the  heavens 
by  a  space  equal  to  4  minutes,  52  seconds ; 
that  is,  a  space  equal  to  more  than  one-seventh 
of  the  apparent  diameter  of  the  moon.  Such 
a  change  of  place  in  bodies  so  immensely  dis- 
tant as  62,000,000,000,000  of  miles  indicates 
a  prodigious  rapidity  of  motion.  "  The  rela- 
tive motion  of  these  stars  and  the  sun,"  says 
Bessel,  "  must  be  considerably  more  than  six- 
teenf  semi-diameters  of  the  earth's  orbit;" 
that  is,  1,552,000,000  of  miles.  They  must 
therefore  move  at  the  rate  of  four  millions 
two  hundred  and  fifty-two  thousand  miles  a 
day,  and  one  hundred  and  seventy-seven 
thousand  miles  every  hour ;  which  is  68,000 
miles  an  hour  greater  than  the  velocity  of 
Mercury,  which  is  the  swiftest  moving  body 
in  the  planetary  system.  Here,  then,  we  have 
a  system  of  bodies  of  immense  size  moving 
with  amazing  velocity  in  different  directions ; 
for  as  these  stars  are  doubtless  suns,  and  con- 
sequently have  a  system  of  planets  revolving 
round  each,  the  planets  must  move  round  the 
sun  to  which  they  more  immediately  belong, 
and  likewise  round  the  other  sun,  or  their 
common  centre  of  gravity,  and  at  the  same 
time  they  are  carried  forward  to  some  distant 
region  with  the  velocity  now  stated. 

Among  single  stars,  that  which  is  marked 
p  Cassiopeia,  one  of  the  smaller  stars  in  that 
constellation,  is  marked  as  having  the  greatest 
proper  motion  of  any  yet  ascertained.  The 
amount  of  its  annual  motion  is  estimated  at 
3|  seconds,  which  in  the  course  of  a  century 
will  amount  to  6  minutes  15  seconds,  a  space 

*  See  chap  iv.  p.  37,  &c. 

f  About  16} .    See  p.  38. 
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in  the  heavens  equal  to  one-fifth  of  the  appa- 
rent diameter  of  the  moon.  If  this  star  be 
reckoned  at  the  same  distance  from  the  earth 
as  the  double  star  61  Cygni,  the  velocity  of 
its  motion  every  day  will  be  3,1 12,000  miles ; 
every  hour,  130,000 ;  and  every  minute, 
2,160.  The  annual  proper  motion  of  Arctu- 
rus,  in  declination,  is  I". 72,  which  is  nearly 
one-half  the  motion  of  p.  Cassiopeia ;  and  a 
great  many  others  are  found  by  observation 
to  be  constantly  progressing  through  the 
heavens  by  annual  intervals  of  different  de- 
grees in  extent,  "but  generally  smaller  than 
those  stated  above.  These  changes  of  posi- 
tion in  the  stars  cannot  be  perceived  by  the 
naked  eye,  and  are  consequently  impercepti- 


ble to  common  observers;  and  even  with  thf 
most  accurate  astronomical  instruments  some 
of  them  cannot  be  determined  until  aftei  a 
lapse  of  years.  Such  motions  give  us  reason 
to  conclude  that  all  the  bodies  in  the  universe 
are  in  perpetual  motion,  and  many  of  them 
acted  upon  by  separate  forces,  which  carry 
them  in  different  directions;  and  although 
some  of  these  motions  appear  little  more  than 
just  perceptible  at  the  immense  distance  at 
which  we  are  placed  from  them,  yet  it  is  prob- 
able that  even  the  slowest  motion  of  any  of 
the  stars  is  not  less  than  at  the  rate  of  several 
thousands  of  miles  every  hour,  indicating  the 
operation  of  forces  incomprehensible  by  the 
human  mind. 


CHAPTER  XIV. 

On  the  Destination  of  the  Stars ;  or,  the  designs  they  are  intended  to  subserve  in  the 
System  of  the  Universe. 


FOR  many  ages  during  the  infancy  of 
astronomy,  the  stars  were  considered  chiefly 
as  an  appendage  to  the  world  in  which  we 
dwell.  The  crystalline  sphere  in  which  they 
were  supposed  to  be  fixed  was  regarded  as 
only  the  canopy  of  man's  terrestrial  habitation, 
and  the  orbs  with  which  it  is  diversified  as  so 
many  brilliant  spangles  to  adorn  it,  and  to 
diffuse  a  few  glimmering  rays  to  cheer  the 
darkness  of  the  night.  This  celestial  arch, 
in  which  the  sun  and  moon  are  also  placed, 
was  supposed  to  revolve  around  us  every 
twenty-four  hours,  producing  an  alternate 
succession  of  light  and  of  darkness,  while  the 
earth,  as  the  centre  of  the  universe,  was  con- 
sidered as  remaining  in  a  state  of  perpetual 
quiescence.  Above  the  visible  heavens,  where 
the  stars  are  placed,  nothing  was  supposed  to 
exist  except  the  throne  of  the  Almighty  and 
the  abodes  of  the  blessed  ;  and  such  are  still 
the  contracted  views  of  the  majority  of  the 
inhabitants  of  our  globe  respecting  that  im- 
mense and  glorious  firmamenf.  with  which  we 
are  surrounded. 

It  is  true  indeed  that  the  stars,  in  a  certain 
subordinate  sense,  were  intended  for  the 
benefit  of  man ;  for  we  actually  derive  many 
advantages  from  their  apparent  motions  and 
influence.  They  present  to  our  view  a  scene 
of  beauty  and  magnificence  which  enchants 
the  eye  and  gratifies  the  imagination,  and 
tends  to  raise  the  soul  above  grovelling  pur- 
suits and  terrestrial  vanities.  They  cheer  the 
fihades  of  midnight  and  enable  us  to  prosecute 
our  journeys  after  the  sun  has  left  our  hemi- 
sphere ;  without  the  influence  of  whose  light 
our  winter  evenings  would  be  shrouded  in 
impenetrable  darkness,  and  not  an  object 
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around  us  could  be  distinguished.  In  the 
absence  of  the  moon  all  would  be  dark,  as 
was  chaos  before  light  was  formed  to  illumi- 
nate creation.  Were  the  light  of  the  starry 
orbs  extinguished,  instead  of  the  grand  and 
beautiful  aspect  now  presented  from  above, 
the  firmament  would  appear  only  like  an  im- 
mense blank,  or  a  boundless  desart,  where 
nothing  would  be  seen  to  stimulate  human  in- 
quiry, or  to  display  the  attributes  of  the  Creator. 
Those  orbs  are  likewise  of  essential  service 
to  different  departments  of  human  life ;  they 
serve  as  guides  to  the  traveller  when  journey- 
ing through  vast  and  unfrequented  desarts, 
and  to  the  mariner  when  conducting  his 
vessel  from  one  country  to  another  through 
the  wide  and  pathless  ocean.  The  Pole-star, 
on  account  of  its  apparently  fixed  position, 
has  in  every  age  been  viewed  with  solicitous 
attention  by  the  navigator;  and  before  the 
invention  of  the  compass  it  was  his  principal 
guide  to  direct  his  bark  to  the  desired  haven. 
In  short,  by  means  of  the  stars  we  have  been 
enabled  to  determine  the  exact  length  of  the 
day  and  of  the  year,  the  various  subdivisions 
of  time,  the  commencement  and  termination 
of  the  seasons,  the  circumference  of  the 
globe,  the  density  of  its  materials,  and  the 
relative  positions  of  places  on  every  part  of 
its  surface  ;  all  which  advantages  it  becomes 
man  duly  to  appreciate,  and  with  a  grateful 
heart  to  adore  the  wisdom  and  goodness  of 
Him  "  who  made  the  sun  to  rule  the  day 
and  the  moon  and  stars  to  rule  the  night," 
and  who  has  rendered  all  his  arrangements 
subservient  to  the  happiness  of  his  intelligent 
offspring.  , 

But   although  the  stars   are   of  essential 
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benefit  to  the  inhabitants  of  our  globe,  yet 
we  ought  not  for  a  moment  to  imagine  that 
this  was  the  chief  and  ultimate  end  for  which 
they  were  brought  into  existence.  We  know 
that  they  are  bodies  of  immense  size,  the  least 
of  them  many  thousands  of  times  larger  than 
our  globe.  But  such  a  number  of  magnificent 
globes  were  not  necessary,  in  order  to  shed  a 
few  glimmering  rays  upon  the  earth ;  since 
the  creation  of  an  additional  moon  would 
diffuse  far  more  light  over  our  world  than  that 
which  descends  to  the  earth  from  all  the  visi- 
ble stars  in  the  firmament.  And  we  know 
that  the  Creator  does  nothing  in  vain.  It  is 
the  characteristic  of  infinite  wisdom  to  pro- 
portionate means  to  the  end  intended  to  be 
accomplished ;  but  in  this  case  there  would 
be  no  proportion  between  the  means  and  the 
end — between  creating  a  thousand  globes  of 
light  of  incalculable  magnitude,  and  shedding 
a  few  glimmering  rays  to  alleviate  the  dark- 
ness of  midnight ;  and  therefore  this  cannot 
be  supposed  the  chief  end  of  their  creation, 
without  impeaching  the  wisdom  and  intelli- 
gence of  Him  "  who  stretched  out  the  heavens 
by  his  understanding."  Besides,  whatever 
might  be  said  in  reference  to  the  stars  visible 
to  the  unassisted '  eye,  it  is  impossible  for  a 
moment  to  conceive  that  those  thousands, 
and  ten  thousands,  and  millions  of  stars,  which 
are  only  visible  through  the  most  powerful 
telescopes,  and  whose  light  has  never  yet 
reached  our  globe,  could  have  been  created 
merely  for  the  use  of  the  inhabitants  of  this 
earth.  Such  a  supposition  must  be  for  ever 
discarded  by  every  one  who  would  entertain 
an  honourable  and  consistent  idea  of  the  ope- 
rations of  infinite  wisdom. 

What,  then,  it  may  be  asked,  is  the  chief 
and  ultimate  destination  of  those  magnificent 
globes  1  We  may  answer  in  general  terms, 
that  it  is  a  destination  corresponding  to  the 
magnitude  and  grandeur,  and  the  intrinsic 
splendour  of  those  distant  bodies.  It  is  the 
characteristic  of  every  wise  artist  and  architect, 
that  he  selects  the  most  proper  means  to  ac- 
complish the  end  intended,  and  proportionates 
every  part  of  a  machine  or  edifice  to  all  the 
other  parts,  so  as  to  produce  a  harmony  and 
unity  of  design.  A  philosophical  instrument- 
maker,  for  example,  in  constructing  an  orrery 
does  not  make  wheels  of  a  hundred  yards  in 
diameter  for  carrying  balls  of  less  than  an 
inch  in  diameter  round  a  circle  of  only  six 
feet  in  circumference ;  nor  does  a  watchmaker 
employ  two  hundred  wheels  and  pinions  in 
the  construction  of  a  timepiece  when  less  than 
a  dozen  may  suffice ;  nor  does  an  architect 
make  the  portico  of  an  edifice  five  hundred 
times  larger  than  the  whole  structure.  Were 
any  individual  to  act  in  this  manner,  he  would 
at  once  be  denounced  as  utterly  destitute  of 


wisdom,  and  viewed  as  a  fool  or  a  maniac. 
Now,  we  are  to  consider  the  Almighty,  in  all 
his  arrangements  throughout  the  universe,  as 
acting  on  the  same  general  principle  which 
directs  a  wise  and  intelligent  artist  in  all  his 
plans  and  operations ;  for  wisdom  is  an  essen- 
tial attribute  of  the  Divinity,  and  all  his  works, 
when  minutely  inspected,  must  necessarily 
display  this  perfection  to  intelligent  minds. 
To  suppose  otherwise,  to  imagine  for  a  mo- 
ment either  that  he  has  not  proportionated  one 
part  of  the  universe  to  another,  or  that  the 
greater  part  of  it  was  created  for  no  use  at  all, 
would  be  the  height  of  profanity  and  impiety, 
and  would  rob  the  eternal  Majesty  of  Heaven 
of  one  of  the  most  distinguishing  attributes  of 
his  nature.  Bearing  this  principle  in  mind, 
we  are  necessarily  led  to  the  conclusion — a 
conclusion  as  certain  as  any  mathematical  de- 
monstration— namely,  that  the  benefit  of  the 
inhabitants  of  our  globe  was  not  the  chief  or 
ultimate  design  for  which  the  stars  were 
created,  but  that  the  Deity  had  a  higher  and 
more  expansive  design  to  accomplish  in  their 
formation.  We  do  not  pretend  to  fathom  all 
the  subordinate  designs  the  Creator  may  have 
had  in  his  view  in  the  creation  of  the  stars,  or 
of  any  other  object ;  but  as  he  has  endowed 
us  with  rational  faculties  for  the  investigation 
of  his  works,  it  is  evident  that  he  intended 
we  should  be  able  to  discover  some  of  the 
main  and  leading  designs  which  he  intended 
to  accomplish  in  the  formation  of  the  great 
bodies  of  the  universe. 

We  therefore  maintain  that  one  of  the 
grand  and  leading  designs  of  the  creation  of 
the  stars  was,  that  they  should  serve  as  suns 
to  give  light  to  other  worlds  and  systems  with 
which  they  are  more  immediately  connected. 
This  proposition  I  have  all  along  taken  for 
granted  in  the  preceding  pages,  and  shall 
now  adduce  a  few  arguments  to  elucidate  and 
support  it 

1 .  They  all  shine  by  their  own  native  light. 
This  is  the  peculiar  characteristic  of  a  sun  in 
distinction  from  the  planetary  globes,  which 
all  shine  with  reflected  light,  derived  from 
the  luminous  centre  around  which  they  re- 
volve. The  immense  distance  at  which  the 
nearest  stars  are  placed  from  our  globe  is  a 
clear  proof  that  they  shine,  not  with  borrowed, 
but  with  inherent  splendour;  for  reflected 
light  from  such  a  distance  would  be  entirely 
dissipated  ere  it  could  reach  our  eyes.  This 
likewise  appears  from  actual  observation,  and 
from  a  comparison  of  the  brilliancy  of  the 
fixed  stars  with  that  of  the  planets,  in  which 
there  is  found  a  striking  difference.  Mercury 
and  Venus  are  the  two  planets  which  revolve 
in  the  immediate  neighbourhood  of  the  sun, 
and  consequently  derive  from  him  a  greater 
portion  of  light  than  an#  of  the  other  planets ; 
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yet  it  is  found  that  tho  lustre  of  the  star 
Sirius,  and  even  that  of  Capellu,  is  much 
more  brilliant  than  that  of  either  Mercury  or 
Venus ;  and  it  is  demonstrably  certain  that 
both  these  stars  are  situated  far  beyond  the 
orbit  of  Uranus  ;  and  therefore,  if  they  derived 
their  light  from  the  sun,  they  behoved  to  be 
incomparably  more  obscure  than  any  of  the 
planets.  The  lustre  and  brilliancy  which  the 
fixed  stars  exhibit  when  viewed  with  tele- 
scopes of  large  apertures  and  powers  is  ex- 
ceedingly striking.  Sir  W.  Herschel  seldom 
looked  at  the  larger  stars  through  his  forty 
feet  telescope,  because  their  blaze  was  injuri- 
ous to  his  sight.  At  one  time,  after  sweeping 
a  portion  of  the  heavens  with  that  instrument, 
he  tells  us  that  "  the  appearance  of  Sirius 
announced  itself  at  a  great  distance  like  the 
dawn  of  the  morning,  and  came  on  by  de- 
grees, increasing  in  brightness,  till  this  brilliant 
star  at  last  entered  the  field  of  the  telescope 
with  all  the  splendour  of  the  rising  sun,  and 
forced  me  to  take  my  eye  from  the  beautiful 
sight."  These  and  other  circumstances  clearly 
show  that  the  stars  are  endued  with  native 
splendour,  and  are  not  dependent  on  any 
other  luminaries  for  the  brilliancy  they  display, 
and  consequently  are  fitted  to  act  as  suns  for 
the  illumination  of  opaque  globes  with  which 
they  are  more  immediately  connected. 

2.  They  are  placed  at  an  immense  distance 
from  our  earth  and  from  one  another,  and 
consequently  it  is  impossible  that  they  could 
derive  their  lustre  from  our  sun ;  for  the  sun 
in  his  present  situation  could  afford  them  no 
more  light  than  a  single  star  transmits  to  our 
globe ;  and  to  some  of  the,  more  distant  stars 
his  rays  would  be  altogether  invisible.     And 
if  the  sun  cannot  be  supposed  to  enlighten 
Any  of  those  orbs,  from  the  distance  at  which 
he  is  placed,  there  is  no  other  body  known  to 
us  whence  their  light  may  be  derived,  if  they 
do  not  shine  with  their  own  native  splendour. 

3.  They  are  bodies  of  immense  magnitude. 
We  have  already  shown,  both  from  mathe- 
matical considerations  and  popular  illustra- 
tions, that  the  stars  are  unquestionably  at  a 
very  great  distance  from  our  globe,  a  distance 
which  is  almost  incomprehensible.     (Chap. 
IV.)     Their  bulk   must    therefore   be   very 
great.     If  they  were  no  larger  than  the  globe 
on  which  we  live,  they  would  be  altogether 
invisible,  even  although  they  shine  with  their 
own  native  light.     Few  of  them  can  be  con- 
sidered as  much  less  than  our  sun,  and  the 
greater  number  of  them  are  in  all  probability 
much   larger;   they  are   therefore   fitted   by 
their  enormous  size,  and   their  consequent 
attractive  power,  to  be  the  centres  of  systems 
of  planetary  worlds,  and  to  diffuse  around 
them  to  an  immense  distance  a  splendid  illu- 
mination.    But  it  would  be  absurd  to  sup- 
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pose  that  such  a  number  of  vast  luminous 
globes,  placed  at  such  immense  distances 
from  each  other,  and  from  the  earth,  could 
have  been  created  solely  for  the  benefit  of 
the  inhabitants  of  our  world;  for  it  would 
argue  a  want  of  wisdom  in  not  proportioning 
means  to  ends ;  since  a  single  star  of  the  one- 
thousandth  part  of  its  present  bulk,  placed 
within  a  million  of  miles  of  the  earth,  would 
afford  us  far  more  light  than  all  the  stars  put 
together. 

4.  Were  we  removed  to  the  distance  only 
of  the  nearest  stars,  our  sun  would  appear  no 
larger  than  one  of  those  twinkling  orbs,  and 
from  some  of  them  he  would  disappear  alto- 
gether ;  at  most,  he  would  appear  only  as  one 
of  the  small  stars  which  deck  the  firmament, 
and  probably  one  only  of  the  fifth  or  sixth 
magnitude;  consequently  all  the  planets  of 
our  system  would  entirely  disappear.     Even 
Jupiter  and  Saturn,  though  each  of  them  is  a 
thousand  times  larger  than  the  earth,  would 
be  quite  invisible,  by  reason  of  then-  compa- 
rative smallness  and  their  shining  only  by  re- 
flected light.     The  system  to  which  we  be- 
long cannot  therefore  be  supposed  to  have 
any   immediate    connexion    even  with   the 
nearest  stars ;  and  these  stars  must  be  consi- 
dered as  having  appropriate  purposes  to  fulfil 
in  their  own  immediate  sphere. 

5.  The  stars,  in  point  of  number,  size  and 
splendour,  constitute  almost  the  whole  uni- 
verse, at  least,  so  far  as  it  has  been  unfolded 
to  our  view.     The  bodies  which  compose  the 
planetary   system   contain   a  mass    of  solid 
matter  about  2480  times  larger  than  that  of 
the  earth,  and  the  sun  is  about  500  times 
greater  than  the  whole  of  them  taken  together. 
But  this  system,  great  as  it  appears  in  the 
eyes  of  mortals,  is  but  as  a  diminutive  ball, 
or  even  as  a  mere  point,  when  compared  with 
the  myriads  of  stars  which  the  firmament  dis- 
plays, and  which  the  telescope  has  brought  to 
view.     These   innumerable   globes   of   light 
were  created  for  use — to  subserve  important 
purposes  in  the  plan  of  the  Divine  adminis- 
tration.    They  were   not  launched  through 
the  spaces  of  infinity  at  random,  merely  to 
display  the  energies  of  Omnipotence,  and  to 
light  up  the  wilds  of  immensity  with  a  useless 
splendour.     Such  a  supposition  would  be  de- 
rogatory to  the  attributes  and  character  of  the 
All-wise  Creator,  and  would  distort  all  the 
views  we  ought  to  entertain  of  a  Being  pos- 
sessed of  infinite  perfection.     Those  immense 
bodies  must  therefore  be  conceived  as  intend- 
ed chiefly  to  diffuse  their  light  and  splendour 
over  worlds  with  which  they  are  more  imme- 
diately connected,  and  for  the  ultimate  design 
of  communicating  happiness  in  various  forms 
to  the  different  orders  of  beings  with  which 
they  may  be  replenished.     What  other  sub- 
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ordinate  ends  they  may  accomplish  in  the 
grand  scheme  of  the  universe,  besides  the  ad- 
vantages we  derive  from  them,  is  beyond  our 
province  to  determine.  It  is  not  improbable, 
however,  that  every  star  or  system,  whether 
single,  binary,  or  ternary,  may  have  a  subor- 
dinate end  to  serve  to  every  other  system,  as 
forming  parts  of  one  whole  under  the  govern- 
ment of  Infinite  Wisdom.  As  we  derive  ad- 
vantages from  these  orbs,  distant  as  they  are, 
and  as  they  diversify  the  ceiling  of  our  earthly 
habitation  with  a  splendid  decoration,  so  they 
will  likewise  adorn  the  firmament  of  other 
systems,  and  display  to  the  view  of  their  in- 
habitants both  the  energies  of  Orrinipotent 
Power  and  the  manifold  wisdom  of  God. 

6.  We  have  some  direct  indications  that 
the  fixed  stars  are  in  reality  suns.  It  forms 
no  argument  against  the  idea  of  the  stars 
being  the  centres  of  systems,  that  we  have 
hitherto  been  unable  to  detect  any  of  their 
revolving  planets ;  for  unless  such  planets  be 
far  beyond  the  magnitude  of  those  belonging 
to  our  system,  and  unless  their  surfaces  be 
fitted  to  reflect  the  rays  of  light  with  extraor- 
dinary brilliancy,  we  could  not  expect  them 
to  be  visible  at  the  remote  distance  at  which 
we  are  placed,  since  the  stars  themselves  ap- 
pear only  as  shining  points.  But  certain 
phenomena  which  have  been  observed,  chiefly 
within  the  last  century,  give  indication  of  the 
solar  nature  of  the  fixed  stars.  In  the  first 
place,  there  are  phenomena  which  indicate 
that  some  of  them  at  least,  like  our  sun,  have 
a  rotation  round  their  axes.  In  Chapter  VII. 
we  have  given  a  brief  view  of  the  phenomena 
of  variable  stars.  One  of  these,  named  Algol, 
is  found  regularly  to  pass  through  a  change 
of  brightness  from  the  second  to  the  fourth 
magnitude,  and  again  to  its  original  brightness 
in  two  days  and  about  twenty-one  hours. 
The  star  )3  Lyrae  passes  through  a  periodic 
variation,  from  the  third  to  the  fifth  magni- 
tude, in  six  days  and  nine  hours.  A  star  in 
Hercules  varies  its  lustre  periodically,  in  the 
course  of  sixty  days  and  six  hours.  A  star 
in  Sobieski's  shield  changes  from  the  fifth  to 
the  seventh  or  eighth  magnitude,  and  returns 
to  its  greatest  brightness,  in  a  period  of  sixty- 
two  days.  These  and  many  other  stars  give 
pretty  evident  indications  of  a  rotation  round 
their  axes.  Their  periodic  changes  are  exact 
and  regular  /  and,  in  order  to  account  for  the 
phenomena,  we  have  only  to  suppose  that 
one  of  their  hemispheres  is  either  covered 
with  large  dark  spots,  or  is  encompassed  with 
a  medium  which  prevents  it  from  emitting  so 
much  light  to  our  eyes  as  the  other,  and  that 
each  hemisphere  is  presented  to  our  view  in 
alternate  succession.  Our  sun,  indeed,  would 
not  exhibit  any  sensible  variation  of  lustre  at 
the  distance  of  the  stars,  notwithstanding 


some  large  spots  on  his  surface ;  but  we  have 
no  reason  to  conclude  that  the  stars,  although 
they  are  all  luminous  bodies,  are  exactly 
alike  in  every  part  of  their  constitution,  since 
variety  appears  to  be  a  characteristic  of  all 
the  arrangements  in  the  universe.  The 
darker  hemisphere  of  the  stars  to  which  we 
allude  may  produce  a  change  of  illumination, 
which  will  form  an  agreeable  vicissitude  to 
the  inhabitants  of  the  worlds  which  roll  around 
them,  and  which  may  produce  an  effect  some- 
what analogous  to  that  which  is  produced  by 
the  alternate  shining  of  a  white  and  a  yellow 
sun,  as  in  the  case  of  some  of  the  double 
stars,  (see  pp.  64,  65.) 

Again,  there  are  stars  whose  periods  of 
variable  lustre  are  much  longer  than  those 
now  stated.  Some  of  them  pass  through  their 
periodic  changes  in  331  days,  some  in  494 
days,  and  others  not  till  after  the  lapse  of 
eighteen  years.  Such  changes,  at  least  in 
some  instances,  may  be  accounted  for  by  the 
intervention  of  opaque  revolving  bodies,  or 
planets  of  a  large  size,  passing  directly  be- 
tween our  eye  and  the  stars,  when  revolving 
through  that  half  of  their  orbits  which  lies 
next  the  earth.  It  is  almost  certain  that  either 
the  one  or  the  other  of  the  circumstances  now 
mentioned  is  the  cause  which  produces  the 
phenomena  of  variable  stars,  and  in  either 
case  a  strong  presumption  is  afforded  of  the 
reality  of  other  planetary  systems.  If  rotation 
be  the  cause  of  the  changes  alluded  to,  the 
analogy  between  our  sun  and  the  stars  is 
almost  verified,  for  the  most  eminent  philoso- 
phers have  always  considered  that  the  rota- 
tion of  an  orb  is  necessarily  connected  both 
with  motion  in  space,  and  with  the  existence 
of  revolving  planets.  If  such  changes  arise 
from  the  interposition  of  opaque  globes,  as  is 
highly  probable  in  some  of  the  cases  we  have 
stated,  then  we  have  direct  evidence  that  the 
stars  are  in  reality  the  centres  of  systems,  and 
that  their  planets  are  constructed  on  a  scale 
of  magnificence  far  surpassing  that  of  our 
solar  system,  (see  Ch.  VII.  pp.  53,  54.)  It 
is  highly  probable  that  both  the  causes  to 
which  we  have  now  adverted  operate  in  pro- 
ducing the  phenomena  of  variable  stars. 
Those  whose  periodic  variations  are  the 
shortest  may  be  produced  by  rotation,  and 
those  in  which  years  are  requisite  to  accom- 
plish all  the  changes,  may  arise  from  the  in- 
tervention of  very  large  opaque  revolving 
bodies. 

It  has  been  surmised  by  some  astronomers 
that  certain  very  small  stars  which  accompany 
larger  ones  probably  shine  by  reflected  light. 
Sir  John  Herschel,  a  few  years  ago,  called  the 
attention  of  astronomical  observers  to  this 
point.  The  stars  to  which  he  has  requested 
particular  attention  are  such  as  the  follow- 
(633) 
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mg: — t  Ursa2  Majoris,  y  Hydrae,  x  Gemino- 
rum,  a  2  Cancri,  a,  2  Capricorn!,  and  several 
others.  Iota  Ursae  is  a  star  of  the  third  or 
fourth  magnitude,  in  the  fore-foot  of  the 
Great  Bear :  right  ascension,  8n  46'  54" ; 
north  declination,  47°  51'  20".  Gamma 
Hydrse  is  a  star  of  the  fourth  magnitude, 
about  thirty-five  degrees  south-east  from  Re- 
gulus,  and  about  twenty-nine  degrees  west  by 
south  from  Spica  Virginis:  right  ascension 
11"  15'  57";  south  declination,  16°  42'. 
Kappa  Geminorum  is  a  star  of  the  fourth 
magnitude,  situated  about  three  degrees  and 
a  half  south  of  Pollux :  right  ascension,  7h  33' 
38";  north  declination,  24°  49'.  The  star 
a  2  Capricorni  is  of  the  third  magnitude, 
about  twenty-two  degrees  south  by  east  of 
Altair,  and  about  two  degrees  and  a  half  north 
of  j3  Capricorni,  &c.  It  is  to  the  very  small 
and  point-like  stars  which  accompany  these 
that  the  attention  is  to  be  directed ;  they  are 
minute  points  of  light  which  can  only  be  per- 
ceived by  telescopes  of  considerable  power. 
Some  of  these  are  suspected  as  shining  with 
reflected  light ;  and  if  this  point  could  be  as- 
certained, it  would  form  a  direct  proof  of 
planets  circulating  around  stars  and  enlight- 
ened by  their  beams.  We  have  reason  to 
hope,  from  the  increase  of  astronomical  ob- 
servers, from  the  accuracy  with  which  side- 
real observations  are  now  conducted,  and 
from  the  improvements  of  which  the  telescope 
is  still  susceptible,  that  this  interesting  fact, 
will,  ere  long,  be  determined  by  ocular  demon- 
stration; and  when  such  a  discovery  shall 
have  been  made,  the  telescope,  which  has 
already  disclosed  so  many- wonders,  will  then 
have  performed  one  of  its  most  sublime  and 
mighty  achievements. 

In  the  mean  time,  we  have  no  reason  to 
entertain  the  least  doubt  that  the  stars  are  in 
reality  suns  and  the  distributors  of  light  to 
other  worlds  any  more  than  we  ought  to 
doubt  of  the  motion  of  the  earth,  because  we 
have  never,  from  a  fixed  point  in  the  firma- 
ment, beheld  it  wheeling  its  rapid  course 
through  the  ethei'eal  spaces  around  the  sun. 
Since  the  stars  cannot,  with  the  least  show 
of  reason,  be  supposed  to  have  been  created 
chiefly  for  the  use  of  our  globe,  it  is  as  cer- 
tain as  moral  demonstration  can  make  it,  that 
they  were  principally  intended  to  fulfil  a 


higher  and  a  nobler  purpose,  and  that  this 
purpose  has  a  respect  to  the  accommodation 
and  happiness  of  intelligent  existence,  either 
in  the  stars  themselves  or  in  worlds  which  re- 
volve around  them;  for  the  Creator  and 
Governor  of  the  universe  must  be  considered, 
in  ill  his  arrangements,  as  acting  in  perfect 
consistency  with  those  perfections  of  his  na- 
ture with  which  he  is  eternally  and  essentially 
invested.  But  to  suppose  the  innumerable 
host  of  stars  to  be  only  so  many  vast  insulated 
globes,  hung  up  to  irradiate  the  void  spaces 
of  infinitude,  would  be  repugnant  to  all  the 
conceptions  which  reason  and  revelation  lead 
us  to  form  of  a  Being  of  infinite  perfection. 

If,  then,  the  fixed  stars  are  the  centres  of 
light  and  influence  to  surrounding  worlds, 
how  immense  must  that  empire  be  over 
which  the  moral  government  of  the  Almighty 
extends ! — how  expansive  the  range,  and  how 
diversified  the  order  of  planetary  systems ! — 
how  numerous  beyond  calculation  the  worlds 
which  incessantly  roll  throughout  the  im- 
mensity of  space !  What  countless  legions 
of  intellectual  beings,  of  every  rank  and  ca- 
pacity, must  crowd  the  boundless  dominions 
of  the  King  eternal,  immortal,  and  invisible  ! 
and  how  glorious  and  incomprehensible  must 
He  be  whose  word  caused  this  vast  fabric  to 
start  into  existence,  and  who  superintends 
every  moment  the  immensity  of  beings  with 
which  it  is  replenished !  In  attempting  to 
grasp  such  scenes  the  human  mind  is  bewil- 
dered ,  and  overwhelmed,  and  can  only  ex- 
claim, "  GREAT  AK  D  MARVELLOUS  ARE  THY 
WORKS,  LORD  GOD  ALMIGHTY." 


"  Seest  thou  these  orbs  that  numerous  roll  above  1 
Those  lamps  that  nightly  greet  thy  visual  powers 
Are  each  a  bright  capacious  sun  like  ours. 
The  telescopic  tube  will  still  descry 
Myriads  behind  that  'scape  the  naked  eye, 
And  further  on  a  new  discovery  trace 
Through  the  deep  regions  of  encompassed  space. 
If  each  bright  star  so  many  suns  are  found 
With  planetary  systems  circled  round, 
What  vast  infinitude  of  worlds  may  grace, 
What  beings  people  the  stupendous  space  ? 
Whatever  race  possess  the  ethereal  plain, 
What  orbs  they  people,  or  what  ranks  maintain  1 
Though  the  deep  secret  hr.aven  conceal  below, 
One  truth  of  universal  scope  we  know  ; 
Our  nobler  part,  the  same  ethereal  mind, 
Relates  our  earth  to  all  their  reasoning  kind, 
One  Deity,  one  sole  creating  cause, 
Our  active  cares  and  joint  devotion  draws." 


CHAPTER  XV. 

On  unknown  Celestial  Bodies — on  Metoric  Phenomena — and  on  Shooting  Stars. 

WE  are  not  to  imagine  that  we  have  yet  the  reach  of  our  telescopes.  All  the  disco- 
discovered  the  greater  part  of  the  bodies  which  veries  which  have  hitherto  been  made  in  the 
exist  in  those  spaces  whose  range  lies  within  heavens  have  been  owing  to  the  light  emitted 
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by  very  distant  orbs  having  been  concentrated 
on  the  eye  by  the  magnifying  and  space- 
penetrating  power  of  the  telescope ;  but  it  is 
not  improbable  that  there  are  numerous  bodies 
within  the  circuit  of  the  visible  heavens  which 
send  forth  no  rays  of  light  susceptible  of  being 
refracted  or  reflected  to  the  eye  by  our  finest 
instruments.  Some  of  the  largest  bodies  in 
the  universe  may  either  be  opaque  globes,  or 
so  slightly  illuminated  that  no  traces  of  their 
existence  can  ever  be  perceived  from  the 
region  we  now  occupy.  The  greater  part, 
if  not  the  whole,  of  the  orbs  which  have  been 
described  in  the  firmament,  with  the  exception 
of  the  planets  and  comets  of  our  system,  are 
globes  which  shine  with  their  own  inherent 
lustre,  without  which  their  existence  would 
have  been  to  us  for  ever  unknown.  We  arc 
not  warranted  to  call  in  question  the  exist- 
ence of  any  class  of  bodies  merely  because 
our  limited  organs  of  perception  and  our 
situation  in  the  universe  prevent  us  from  per- 
ceiving them.  We  have  never  yet  beheld 
the  planets  which  doubtless  circulate  around 
other  suns,  although  there  can  be.  no  question 
that  such  bodies  really  exist;  and  there  may 
be  opaque  globes  of  a  size  incomparably  larger 
than  either  planets  or  suns,  which  may  serve 
as  the  centres  of  certain  systems,  or  for  some 
other  important  purposes  to  us  unknown ;  for 
all  that  we  have  yet  explored  of  the  distant 
regions  of  creation  is  but  the  mere  outskirts 
of  that  boundless  empire  which  stretches  out 
on  every  hand  towards  infinity.  It  is  not 
unreasonable  to  believe  that  the  number  of 
magnificent  bodies  imperceptible  to  our  organs 
of  vision  may  far  exceed  all  that  we  have 
hitherto  discovered  either  by  the  naked  eye 
or  the  telescope,  even  within  the  compass  of 
that  region  which  lies  open  to  human  in- 
spection. 

It  has  been  remarked  by  La  Place,  that  «  a 
luminous  star  of  the  same  density  as  the 
earth,  and  whose  diameter  should  be  two 
hundred  and  fifty  times  larger  than  that  of  the 
sun,  would  not,  in  consequence  of  its  attrac- 
tion, allow  any  of  its  rays  to  arrive  at  us." 
"  A  star  which,  without  being  of  this  magni- 
tude, should  yet  corsiderably  surpass  the  sun, 
would  perceptibly  weaken  the  velocity  of  its 
light,  and  thus  augment  the  extent  of  its  ab- 
berration."  It  is  therefore  possible  that  the 
largest  luminous  bodies  in  the  universe,  if 
their  internal  structure  be  composed  of  dense 
materials,  would  be  invisible  to  us,  in  conse- 
quence of  their  great  attractive  power  prevent- 
ing then-  light  from  reaching  the  system  to 
which  we  belong.  In  Chapter  XII.  I  have 
given  a  brief  view  of  the  ideas  entertained  by 
Lambert  respecting  the  arrangement  of  the 
universe  into  distinct  systems  of  stars  which 
have  a  more  immediate  connexion  with  one 


another  in  consequence  of  the  law  of  mutual 
gravitation,  and  whose  views  have  been  partly 
confirmed  by  the  discoveries  of  Herschel. 
This  illustrious  mathematician  and  astronomer 
endeavours  to  prove,  by  an  induction  of  facts 
and  reasonings,  that,  in  order  to  the  stability 
of  those  systems,  it  is  necessary,  on  the  prin- 
ciples of  universal  gravitation,  that  there  be  a 
large  central  body,  around  which  all  the  in- 
dividuals which  compose  the  system  revolve. 
There  is  no  necessity  that  such  a  central  body 
should  possess  original  or  underived  light. 
The  fixed  stars  do  not  stand  in  need  of  it ;  and 
as  for  itself,  if  it  require  illumination,  it  will 
receive  it  from  the  suns  that  are  more  imme- 
diately adjacent.  As  to  the  magnitude  of 
such  a  centre,  Lambert  estimates  that  the 
central  body  of  the  system  to  which  we  be- 
long must  have  a  diameter  at  least  equal  to 
the  whole  circumference  of  the  orbit  of  Saturn. 
"  The  magnitude  of  those  bodies,"  he  says, 
"  ought  not  to  alarm  us,  for,  in  the  first  place, 
we  have  nothing  to  do  with  their  bulk,  but 
with  their  density  or  quantity  of  matter  by 
which  the  law  of  gravitation  is  regulated. 
We  have  no  idea  of  the  density  of  matter  that 
is  not  porous ;  perhaps  gold,  the  most  dense 
of  terrestrial  substances,  would  be  found  a 
mere  sponge  compared  with  such  a  central 
body.  Besides,  nothing  is  great  or  small  in 
immensity ;  and  since  on  the  wing  of  light 
we  can  traverse  the  vast  regions  of  the  hea- 
vens, matter  and  volumes  ought  no  longer  to 
excite  our  astonishment.  Beginning  with 
the  satellites,  even  suns  are  but  bodies  of  the 
first  magnitude ;  the  centres  of  the  fixed  stars, 
of  the  fourth ;  those  of  groups  of  systems,  of 
the  fifth,  and  so  of  the  rest." 

Lambert  supposes  that  since  such  bodies 
must  be  of  enormous  bulk,  and  illuminated 
besides  by  one  or  more  fixed  stars,  it  might 
be  possible  to  perceive  the  one  which  belongs 
to  our  own  system,  either  in  whole  or  in  part, 
with  the  help  of  the  telescope  ;  that  its  appa- 
rent diameter  may  be  very  considerable ;  that, 
however  weak  its  reflected  light,  it  may  not 
be  enfeebled  to  such  a  degree  as  to  be  ren- 
dered imperceptible ;  that,  being  enlightened 
by  one  or  more  suns,  it  ought  to  present 
phases  analogous  to  those  of  the  moon ;  that 
such  a  central  body  ought  to  extend  its  influ- 
ence even  to  the  extremities  of  its  system, 
and  consequently  ought  to  appear  under  a 
sensible  diameter,  or  at  least  be  visible  by  the 
telescope  ;  and  that  as  the  attractive  force  of 
a  body  decreases  as  the  square  of  the  sine  of 
its  apparent  semi-diameter,  so  this  apparent 
semi-diameter  cannot  be  invisible  in  any  place 
to  which  its  attractive  force  and  its  sphere  of 
activity  extend.  Without  sanctioning  all  the 
opinions  which  this  ingenious  mathematician 
has  thrown  out  on  this  point,  we  may  admit 
(635) 
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that  the  subject  is  worthy  of  special  attention, 
and  might  be  kept  in  view  when  we  are  ex- 
ploring the  heavens  with  our  best  telescopes. 
What  if  some  of  the  planetary  nebulae  be 
bodies  of  a  nature  similar  to  those  to  which 
we  have  now  alluded  ] 

If  opaque  globes  of  a  prodigious  size  exist 
throughout  the  regions  of  the  firmament,  as 
there  is  reason  to  believe,  they  would  afford 
us  a  clue  for  unravelling  certain  phenomena 
which  have  hitherto  remained  in  some  de- 
gree inexplicable.  Stars  have  appeared  all 
at  once,  and,  after  having  shone  for  a  year  or 
more  with  a  brilliant  light,  have  gradually 
disappeared.  Certain  stars  are  found  to  pass 
through  regular  variations  of  lustre,  and  for  a 
certain  period  entirely  disappear,  but  after  a 
lapse  of  a  certain  number  of  months  or  days 
reappear,  and  resume  their  former  brightness. 
On  the  supposition  that  opaque  bodies  exist 
nearly  in  the  direction  of  such  stars,  some 
of  these  phenomena  would  admit  of  an  easy 
explanation.  Their  appearing  and  disappear- 
ing might  be  nothing  more  than  an  occulta- 
tion  or  an  eclipse,  caused  by  the  interposition 
of  the  opaque  globe  between  our  eye  and  the 
star.  This  would,  indeed,  suppose  motion  to 
exist  either  in  the  opaque  body,  or  in  the 
star,  or  in  the  eye  of  the  observer ;  and  per- 
haps the  annual  motion  of  the  earth,  or  the 
motion  of  the  sun  in  absolute  space,  might 
contribute,  in  a  certain  degree,  to  produce  the 
effect.  Motion,  of  some  kind  or  other,  must 
necessarily  be  supposed,  in  order  to  account 
for  the  phenomena  of  variable  stars,  whatever 
hypothesis  we  may  adopt  for  their  explana- 
tion ;  but  as  nothing  decisive  can  be  stated  on 
this  subject,  in  the  mean  time  I  shall  proceed 
to  the  consideration  of  some  meteoric  phe- 
nomena which  are  now  supposed  to  have  a 
connexion  with  certain  moving  bodies  in  the 
heavens. 

Meteoric  Phenomena  and  Shooting  Stars. 

In  my  volume  entitled  "Celestial  Scenery," 
when  describing  the  small  planets  Vesta, 
Juno,  Ceres,  and  Pallaj,  I  have  given  a  detail 
of  certain  facts  respecting  the  fall  of  large 
masses  of  solid  matter  from  the  higher  regions 
of  the  atmosphere,  usually  denominated 
meteoric  stones,  which,  there  is  every  reason 
to  believe,  descend  from  regions  at  a  consider- 
able distance,  and  even  beyond  the  sphere  of 
the  moon.  Such  phenomena  seem  to  indicate 
the  probability  that  certain  opaque  bodies,  of 
different  dimensions,  are  revolving  through 
space  in  certain  regions  within  the  limits  of 
our  system.  "  Nor  is  this/'  says  Mrs.  Somer- 
ville,  "  an  unwarranted  presumption  ;  many 
such  do  come  within  the  sphere  of  the  earth's 
Attraction,  are  ignited  by  the  velocity  with 
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which  they  pass  through  the  atmosphere,  and 
are  precipitated  with  great  violence  upon  the 
earth.  The  fall  of  meteoric  stones  is  much 
more  fre/ment  than  is  generally  believed. 
Hardly  a  year  passes  without  some  instances 
occurring ;  and  if  it  be  considered  that  only 
a  small  part  of  the  earth  is  inhabited,  it  may 
be  presumed  that  numbers  fall  in  the  ocean, 
or  on  the  uninhabited  part  of  the  land,  unseen 
by  man.  They  are  sometimes  of  great  mag- 
nitude ;  the  volume  of  several  has  exceeded 
that  of  a  body  of  seventy  miles  in  diameter. 
One  which  passed  within  twenty-five  miles 
of  us  was  estimated  to  weigh  about  600,000 
tons,  and  to  move  with  a  velocity  of  about 
twenty  miles  in  a  second,  a  fragment  of  it 
alone  reached  the  earth.  The  obliquity  of 
the  descent  of  meteorites,  the  peculiar  sub- 
stances they  are  composed  of,  and  the  explo- 
sion accompanying  their  fall,  show  that  they 
are  foreign  to  our  system." 

But,  without  resuming  the  consideration  of 
thirf  particular  phenomenon,  there  is  another 
which  of  late  years  has  excited  a  considerable 
degree  of  attention,  and  which  may  proceed 
from  a  cause  somewhat  similar,  to  which  I 
shall  chiefly  direct  the  attention  of  the  read- 
er— namely,  the  phenomenon  of  shooting  or 
falling  stars.  This  phenomenon,  though 
most  frequently  observed  in  tropical  regions, 
is  common  in  all  parts  of  the  earth,  and  has 
been  seen  in  almost  every  season  of  the  year 
A  shooting  star  seems  to  burst  from  a  clear 
sky,  and  to  dart  across  the  heavens  with  a 
long  train  of  light,  which  in  a  few  seconds 
leaves  no  trace  behind.  Dr.  Burney,  of  Gos- 
port,  for  several  years  kept  a  record  of  such 
of  these  bodies  as  came  under  his  own  obser- 
vation, and  found  that  in  the  year  1819  there 
were  121,  and  in  1820  about  131 ;  but  a 
much  greater  number  than  these  would  doubt- 
less be  perceived  could  we  detect  all  that 
make  their  appearance  in  the  sky,  the  greater 
proportion,  in  all  probability,  being  visible 
only  during  the  hours  usually  allotted  to  sleep. 
Various  opinions  have  been  entertained  re- 
specting the  cause  of  these  appearances.  Bec- 
caria  was  of  opinion  they  were  occasioned  by 
electricity,  and  brought  forward  the  following 
facts  as  corroborative  of  his  hypothesis: — 
About  an  hour  after  sunset,  he  and  some 
friends  that  were  with  him  observed  a  falling 
star  directing  its  course  directly  towards  them 
and  apparently  growing  larger  and  larger,  but 
just  before  it  reached  them  it  disappeared.  On 
vanishing,  their  faces,  hands,  and  clothes,  with 
the  earth  and  all  the  neighbouring  objects, 
became  suddenly  illuminated  with  a  diffused 
and  lambent  light.  During  their  surprise  a* 
this  appearance,  a  servant  informed  them  that 
he  had  seen  a  light  shine  suddenly  in  the 
garden,  and  especially  upon  the  streams  that 
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he  had  been  throwing  to  water  it-  when, 
sending  up  an  electrical  kite  into  the  atmo- 
sphere, he  likewise  observed  a  quantity  of 
electric  matter  about  the  kite,  which  assumed 
the  appearance  of  a  falling  star.  Whatever 
be  the  cause  of  shooting  stars,  it  is  pretty  evi- 
dent that  they  have  their  origin  at  a  very  con- 
siderable elevation  above  the  earth.  Brydone 
informs  us  that,  from  the  top  of  Mount  Etna, 
he  noticed  some  of  these  meteors,  "  which  still 
appeared  to  be  as  much  elevated  above  us  as 
when  seen  from  the  plain ;  so  that  in  all  pro- 
bability those  bodies  move  in  regions  much 
beyond  the  bounds  which  some  philosophers 
have  assigned  to  our  atmosphere." 

The  most  striking  and  remarkable  form  in 
which  shooting  stars  have  appeared  is  that  of 
"  meteoric  showers,"  when  thousands  of  those 
bodies  have  appeared  to  sweep  along  at  once, 
and  in  continued  succession  for  several  hours, 
so  that  almost  the  whole  visible  canopy  of  the 
sky  seemed  to  be  in  a  blaze.  As  this  pheno- 
menon has  recently  excited  considerable  atten- 
tion among  philosophers,  and  as  it  is  now  ge- 
nerally considered  as  connected  with  some 
moving  bodies  in  the  heavens,  I  shall,  in  the 
first  place,  give  a  detail  of  some  of  the  more 
remarkable  circumstances  with  which  it  has 
been  attended,  as  described  by  those  who 
were  eye-witnesses  of  the  scene.  One  of  the 
most  remarkable  displays  of  the  phenomena 
to  which  we  allude  is  that  which  was  seen  on 
the  evening  of  the  12th  and  the  morning  of 
the  13th  of  November,  1833,  in  the  United 
States  of  America.  The  following  account 
of  it  is  abridged  from  the  New  York  Com- 
mercial Advertiser  of  November  13,  1833: 

"The  sky  was  remarkably  clear  on  the 
night  of  this  remarkable  phenomenon.  Some 
time  before  twelve  o'clock,  the  meteors  so  fre- 
quently seen  on  summer  evenings,  called 
shooting  stars,  were  observed  to  fall  with  un- 
usual frequency  and  splendour.  They  con- 
tinued from  that  hour  to  flash  athwart  the 
skies  more  arid  more,  until  they  were  eclipsed 
by  the  glories  of  the  rising  sun  this  morning. 
From  four  to  six  they  were  most  numerous 
and  refulgent.  Within  the  scope  that  the 
eye  could  contain,  more  than  twenty  could  be 
seen  at  a  time  shooting  (save  upward)  in 
every  direction.  Not  a  cloud  obscured  the 
broad  expanse,  and  millions  of  meteors  sped 
their  way  across  it  on  every  point  of  the  com- 
pass. Were  it  possible  to  enumerate  them 
in  the  swiftness  of  their  arrowy  haste,  we 
might  venture  to  say  that  for  the  space  of  two 
hours,  intervening  between  four  and  six,  more 
than  a  thousand  per  minute  might  have  been 
counted.  Their  coruscations  were  bright, 
gleamy,  and  incessant,  and  they  fell  thick  as 
the  flakes  in  the  early  snows  of  December. 
In  one  instance  we  distinctly  heard  the  explo- 


sion of  a  meteor  that  shot  across  to  the  north- 
west, leaving  a  broad  and  luminous  track; 
and  witnessed  another  which  left  a  path  of 
light  that  was  clearly  discernible  for  more  than 
ten  minutes  after  the  ball,  if  such  it  be,  had 
exploded.  Its  length  was  gradually  shorten- 
ed, widening  in  the  centre,  and  apparently 
consisted  of  separate  and  distinct  globules  of 
light,  drawing  around  a  common  centre,  glim- 
mering less  and  less  vividly  until  they  finally 
faded  in  the  distance.  Compared  with  the 
splendour  of  this  celestial  exhibition,  the  most 
brilliant  rockets  and  fireworks  of  art  bore  less 
relation  than  the  twinkling  of  the  most  tiny 
star  to  the  broad  glare  of  the  sun.  The  whole 
heavens  seemed  in  motion,  and  never  before 
has  it  fallen  to  our  lot  to  observe  a  phenome- 
non so  magnificent  and  sublime." 
'  Various  similar  accounts  of  the  same  phe- 
nomena were  given  in  the  Philadelphia, 
Hartford,  Boston,  and  other  newspapers  of 
the  same  date,  of  which  the  following  are 
extracts  : 

"  From  a  point  in  the  heavens,  about  fifteen 
degrees  south-easterly  from  our  zenith,  the 
meteors  darted  to  the  horizon  in  every  point 
of  the  compass.  Their  paths  were  described 
in  curve  lines  similar  to  those  of  the  circles 
of  longitude  on  an  artificial  globe.  They 
were  generally  short  in  their  course,  re- 
sembling much  an  interrupted  line,  thus 

. .     They  ceased  to  appear 

when  within  ten  degrees  of  the  horizon.  I 
did  not  see  a  single  meteor  pass  the  meteoric 
pole  I  have  described,  nor  one  pass  in  a  hori- 
zontal direction.  Several  of  them  afforded  as 
much  light  as  faint  lightning.  One  in  the 
north-east  was  heard  to  explode  with  a  sound 
like  that  of  the  rush  of  the  distant  sky-rocket. 
Millions  of  these  meteors  must  have  been 
darted  in  this  shower.  The  singularity  of 
this  meteoric  shower  consisted  in  the  count- 
less number  of  the  celestial  rockets,  and  more 
especially  in  their  constant  uniform  divergence 
from  near  the  zenith." 

The  following  was  an  account  sent  by  Pro- 
fessor Thomson,  of  Nashville,  to  Professor 
Olmsted,  of  New  Haven,  of  the  meteors  which 
appeared  November  13,  1833,  as  seen  in  the 
State  of  Mississippi : — "  About  an  hour  before 
daylight  I  was  called  xto  see  the  falling  me- 
teors ;  it  was  the  most  sublime  and  brilliant 
sight  I  had  ever  witnessed.  The  largest  of 
the  falling  bodies  appeared  about  the  size  of 
Jupiter  or  Venus  when  brightest.  The  sky 
presented  the  appearance  of  a  shower  of  stars, 
which  many  thought  were  real  stars  and 
omens  of  dreadful  events.  I  noticed  the  ap- 
pearance of  a  radiating  point,  which  I  con- 
ceived to  be  the  vanishing  point  of  straight 
lines  as  seen  in  perspective.  This  point  ap- 
peared to  be  stationary.  The  meteors  fell 
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to  the  earth  at  an  angle  of  about  seventy-five 
degrees  with  the  horizon,  moving  from  the 
east  towards  the  west."  The  following  is 
from  a  writer  in  the  Boston  Christian  Regis- 
ter : — "  My  first  attention  was  to  determine 
the  centre  or  point  from  which  the  meteors 
started,  which,  from  the  place  where  I  stood, 
(lat.  42°  45'  N.,)  appeared  in  the  Lion's 
heart,  near  Regulus.  There  is  one  thing  that 
I  have  not  seen  noticed  by  any  that  have 
written,  and  which  could  not  have  been  no- 
ticed by  me  had  I  not  kept  my  eye  on  the 
centre  or  point  from  whence  the  meteors  all 
shot  forth  for  a  considerable  time,  and  that 
was  an  appearance  of  a  star  less  at  first  than 
the  stars  of  the  constellation  by  which  it  was 
surrounded,  but  it  would  increase  until  it  was 
much  larger  than  the  stars,  then  totally  dis- 
appear from  ten  to  fifteen  minutes,  and  then 
appear  again ;  but  the  meteors  shot  forth  in 
greater  numbers  in  the  interval  between  the 
appearances  above  mentioned."* 

It  is  worthy  of  particular  notice,  that  the 
point  from  which  the  meteors  seemed  to  ema- 
nate was  observed,  by  those  who  fixed  its  posi- 
tion among  the  stars,  to  be  in  the  constellation 
Leo;  and,  according  to  their  concurrent 
testimony,  this  radiant  point  was  stationary 
among  the  stars  during  the  whole  period  of 
observation — that  is,  it  did  not  move  along 
with  the  earth  in  its  diurnal  revolution  east- 
ward,  but  accompanied  the  stars  in  their 
apparent  progress  westward,  which  proves 
the  elevation  of  the  meteors  to  be  far  beyond 
our  atmosphere.  The  following  cut  repre- 
sents the  appearance  of  these  meteors  for 

Fig.  76. 


several  hours,  as  seen  at  Boston,  New  York, 
Philadelphia,  and  other  places  in  the  eastern 
parts  of  the  United  States.  It  is  copied  from 
one  of  the  American  periodicals  published 
about  the  time  when  those  phenomena  ap- 
peared. 

Meteoric    phenomena    nearly   resembling 

*  This  astonishing  exhibition  covered  a  very 
considerable  part  of  the  earth's  surface.  It  has 
been  traced  from  tho  longitude  of  61°  in  the  At- 
lantic Ocean  to  100°  in  Central  Mexico,  aiid  from 
the  North  American  lakes  to  the  West  Indies. 
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what  has  been  now  described,  have  occurred 
at  several  former  periods.  One  remarkable 
instance  of  what  was  called  "  showers  of  fire  ' 
occurred  over  eighty  years  ago  in  South 
America.  At  Quito,  so  many  falling  stars 
were  seen  above  the  volcano  of  Gay ambo,  that 
the  inhabitants  were  led  to  imagine  the 
mountain  to  be  in  flames.  The  people  as- 
sembled in  the  plain  of  Exico,  and  a  proces- 
sion was  about  to  set  out  in  consequence  from 
the  convent  of  St.  Francis,  when  they  dis- 
covered the  phenomenon  to  be  occasioned  by 
meteors  which  ran  along  the  skies  in  all 
directions. 

A  more  extensive  and  remarkable  phe- 
nomenon of  this  kind  occurred  in  the  night 
of  the  12th  of  November,  1779.  Of  this  ap- 
pearance, as  it  was  seen  at  Cumana,  an  accu- 
rate account  has  been  given  by  M.  Humboldt 
and  M.  Boupland.  It  occurred  towards  the 
morning,  when  thousands  of  meteors,  eolides, 
fire-balls,  or  falling  stars,  as  they  were  vari- 
ously denominated,  succeeded  ^ch  other 
during  four  hours.  Their  direction  was  from 
north  to  south.  They  rose  in  the  horizon 
at  east-north-east,  followed  the  direction  of 
the  meridian,  and  fell  towards  the  south. 
There  was  little  wind,  and  this  from  the  east. 
No  trace  of  clouds  was  seen.  There  was  not 
a  space  in  the  firmament  equal  in  extent  to 
three  diameters  of  the  moon  which  was  not 
filled  with  burning  stars.  They  were  of  dif- 
ferent sizes ;  they  left  luminous  traces  of  from 
five  to  ten  degrees  in  length.  The  appear- 
ance of  these  traces  continued  seven  or  eight 
seconds.  Many  of  the  stars  had  a  distinct 
nucleus  as  large  as  the  apparent  disk  of 
Jupiter.  The  largest  were  from  1°  to  1°  13' 
in  diameter.  Their  light  was  white,  and 
they  seemed  to  burst  as  by  explosion.  They 
were  seen  by  all  the  inhabitants  of  Cumana, 
the  oldest  of  whom  asserted  that  the  great 
earthquakes  of  1 766  were  preceded  by  similar 
phenomena. 

It  is  a  circumstance  worthy  of  particular 
notice,  that  these  meteoric  showers  have  taken 
place  chiefly  on  the  12th  and  13th  of  No- 
vember, and  hence  they  are  now  distinguished 
by  the  name  of  the  November  Meteors. 
Captain  Hammond  gives  the  following  ac- 
count of  shooting  stars  seen  at  Mocha,  on  the 
Red  Sea,  November  13th,  1832,  the  day  and 
month  on  which  they  have  most  generally 
been  seen: — "From  one  o'clock,  A.  M.,  till 
after  daylight,  there  was  a  very  unusual  phe- 
nomenon in  the  heavens.  It  appeared  like 
meteors  bursting  in  every  direction.  The 
sky  at  the  time  was  clear,  the  stars  and  moon 
bright,  with  streaks  of  light  and  thin  white 
clouds  interspersed  in  the  sky.  On  landing 
in  the  morning,  I  inquired  of  the  Arabs  if 
they  had  noticed  the  above.  They  said  they 
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had  been  observing  it  most  of  the  night.  I 
asked  them  if  ever  the  like  had  appeared  be- 
fore ]  The  oldest  of  them  replied  that  it  had 
not." 

On  the  morning  of  the  12th  of  November, 
1799,  a  remarkable  phenomena  of  this  kind 
was  seen  by  Mr.  Ellicot,  near  Cape  Florida, 
which  he  thus  describes  : — "  The  phenomenon 
was  grand  and  awful ;  the  whole  heavens  ap- 
peared as  if  illuminated  with  sky-rockets, 
which  disappeared  only  with  the  light  of  the 
sun  after  daybreak.  The  meteors,  which  at 
any  one  instant  of  time  appeared  as  numerous 
as  the  stars,  flew  in  all  possible  directions,  ex- 
cept from  the  earth,  towards  which  they  all 
inclined  more  or  less,  and  some  of  them  de- 
scended perpendicularly  over  the  vessel  we 
were  in,  so  that  we  were  in  constant  dread 
of  their  falling  on  us."  The  same  appear- 
ances were  observed  on  the  same  night  at 
Santa  Fe,  Cumana,  Quito,  and  Peru,  in 
South  America,  as  far  north  as  Labrador  and 
Greenland,  and  as  far  east  as  Weimar  in 
Germany  ;  thus  having  been  visible  over  an 
extent  on  the  globe  of  64°  in  latitude,  and 
94°  of  longitude.  Meteoric  showers  were 
also  seen  on  the  morning  of  the  13th  of 
November,  1831,  in  the  Ohio  country,  and 
along  the  coast  of  Spain. 

Flights  of  shooting  stars,  more  or  less  nu- 
merous, have  been  seen  in  different  places, 
both  in  Europe  and  America,  at  the  same 
period — namely,  the  13th  of  November,  in  the 
years  1834, 1835, 1836,  and  1837,  so  that  they 
are  now  considered  as  a  regular  periodical 
phenomenon.  In  a  letter  I  received,  in  1837, 
from  Elijah  H.  Burrett,  Esq.,  A.  M.,  a  scien- 
tific gentleman  in  the  state  of  Connecticut, 
and  a  correspondent  of  Professor  Olmsted,  he 
has  the  following  notice  on  the  subject: — 
"  With  respect  to  the  shooting  stars,  I  believe 
Professor  Olmsted  is  now  very  strong  in  the 
belief  that  they  are  exactly  periodical  and 
annual.  The  recurrence  of  this  singular 
phenomena  on  the  morning  of  the  13th  of 
November,  1836,  and  very  nearly  at  the  same 
hour, — the  radiation  of  the  meteors  from  the 
same  point  of  the  heavens,  differing  only  one- 
half  a  degree,  (as  did  those  of  1834,)  namely 
145°  right  ascension  in  the  face  of  Leo,  and 
all  the  attending  phenomena  being  the  same, 
though  upon  a  scale  less  magnificent, — settle 
the  question  as  to  its  being  a  regular  and 
annual  phenomenon.  According  to  his  no- 
tion, the  zodiacal  light  is  an  attribute  of  the 
same  cause,  or  an  emanation  from  the  same 
radiant.  Accordingly,  my  friend  Dr.  Olmsted 
was  fortunate  enough  to  see  just  so  much  of 
the  zodiacal  light  last  May  as  to  enable  him 
to  identify  it  with  the  phenomena  of  Novem- 
ber, 1834,  except  that  it  was  in  the  other 
node." 


One  of  the  most  remarkable  circumstances 
attending  this  display,  in  1833,  was,  that  the 
meteors  all  seemed  to  emanate  from  one  and 
the  same  point,  a  little  south-east  of  the 
zenith.  Following  the  arch  of  the  sky,  they 
ran  along  with  immense  velocity,  describing 
in  some  instances  an  arc  of  30°  or  40°  in  a 
few  seconds.  On  an  attentive  inspection,  it 
was  seen  that  the  meteors  exhibited  three 
distinct  varieties ;  the  first  consisting  of  phos- 
phoric lines,  apparently  described  by  a  point; 
the  second,  of  large  fire-balls  that  at  intervals 
darted  along  the  sky,  leaving  luminous  trains 
which  occasionally  remained  in  view  for  a 
number  of  minutes,  and  in  some  cases  for 
half  an  hour  or  more ;  the  third  of  undefined 
luminous  bodies,  which  remained  nearly 
stationary  in  the  heavens  for  a  considerable 
time.  Those  of  the  first  variety  were  the 
most  numerous,  and  resembled  a  shower  of 
fiery  snow  driven  with  inconceivable  velocity. 
The  second  kind  appeared  more  like  falling 
stars, — a  spectacle  which  was  contemplated 
by  certain  beholders  with  great  amazement 
and  terror.  They  were  sometimes  of  enor- 
mous size.  One  of  them  seen  in  North 
Carolina  appeared  larger  than  the  full  moon 
rising,  and  its  light  rendered  even  small  ob- 
jects visible.  The  same  ball,  or  a  similar 
one,  seen  at  New  Haven,  passed  off  in  a 
north-west  direction  and  exploded  a  little 
northward  of  the  star  Capella,  leaving  a  train 
of  peculiar  beauty.  The  line  of  direction  was 
at  first  nearly  straight,  but  it  soon  began  to 
contract  in  length,  to  dilate  in  breadth,  and  to 
assume  the  figure  of  a  serpent  scrolling  itself 
up  until  it  appeared  like  a  luminous  cloud  of 
vapour  floating  gracefully  in  the  air,  where  it 
remained  in  full  view  for  several  minutes. 
Of  the  third  variety,  the  following  are  ex- 
amples : — At  Poland,  State  of  Ohio,  a  lumi- 
nous body  was  distinctly  visible  in  the  north- 
east for  more  than  an  hour.  It  was  very 
brilliant,  in  the  form  of  a  pruning  hook,  and 
apparently  twenty  feet  long  and  eighteen 
inches  broad.  It  gradually  settled  towards 
the  horizon  until  it  disappeared.  At  Niagara 
Falls,  a  large  luminous  body,  shaped  like  a 
square  table,  was  seen  near  the  zenith,  re- 
maining for  some  time  almost  stationary, 
emitting  large  streams  of  light. 

The  recurrence  of  this  wonderful  pheno- 
menon at  the  same  season  of  the  year  soon 
attracted  the  attention  of  the  philosophers 
of  Europe,  and  they  resolved  to  watch  more 
particularly  the  aspect  of  the  nocturnal  hea- 
vens in  the  month  of  November.  The  cele- 
brated M.  Arago  made  arrangements  to  pro- 
cure simultaneous  observations  from  the 
different  parts  of  France,  for  the  night  be- 
tween the  12th  and  13th  of  November,  1836. 
The  following  is  the  substance  of  the  report 
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which  was  published  of  these  observations. 
The  places  at  which  observations  were  made, 
and  the  number  of  meteors  counted,  were  as 
under : 

Paris,  at  the  Observatory  .  .  .  .  170 
Dieppe,  100  miles  north-west  of  Paris  .  36 
Arras,  1 00  miles  north  of  Paris  ...  27 
Strasburgh,  250  miles  east  of  Paris  .  .  85 
Von  Altemare,  260  miles  south-east  of  Paris  75 
Angou,  180  miles  south-west  of  Paris  .  49 
Rochefort,  260  miles  south-south-west  of 

Paris 23 

Havre,  120  miles  west  of  Paris    .     .     .300 

Besides  these  positive  observations,  infor- 
mation was  received  of  similar  phenomena 
having  been  observed  at  other  places.  In  the 
neighbourhood  of  Tours,  for  example,  the 
peasants  declared  they  had  seen  a  rain  of  fire 
during  the  night;  and  in  the  valley  of  the 
Rhone,  near  Culloy,  three  asteroids  succeeded 
each  other  with  such  rapidity  that  the  people, 
seeing  them  through  a  fog,  supposed  them  to 
be  flashes  of  lightning,  or  a  repetition  of  the 
brilliant  aurora  of  the  18th  of  October.  As 
in  the  great  meteoric  shower  of  1833,  so  at 
this  time  the  greater  part  of  the  falling  stars 
which  were  particularly  observed  seemed  to 
issue  from  a  point  in  the  constellation  of  Leo. 
Of  those  noticed  at  Bercy,  fifty-seven  traversed 
lines  which  if  continued  would  have  ended 
in  that  constellation ;  and  of  eighty-five  ob- 
served at  Strasburg,  fifty-seven  had  similar 
courses.  M.  Arago  purposes  an  inquiry 
whether,  from  their  number,  this  shower  of 
falling  stars  may  or  may  not  be  considered 
unusual ;  and  he  gives  the  following  compari- 
sons :  At  Paris,  on  the  preceding  night,  none 
were  seen  during  an  hour ;  from  three  to  five 
were  seen  in  the  same  space  of  time  on  the 
night  after  the  shower,  and  from  two  to  three 
on  the  second  night.  On  the  preceding  night, 
at  Bercy,  not  one  was  seen  in  two  hours.  At 
Von  Altemare,  on  the  6th  of  November,  none 
were  seen  during  two  hours'  watching;  on 
the  7th,  there  were  four  in  four  hours ;  on  the 
8th,  none  in  three  hours ;  on  the  9th,  one  in 
six  hours ;  and  on  the  14th,  two  in  six  hours. 

I  have  been  somewhat  particular  in  stating 
the  more  remarkable  circumstances  connected 
with  this  phenomenon,  as  there  is  every  rea- 
son to  believe  that  it  is  produced  by  an  un- 
known celestial  body  at  a  considerable  dis- 
tance from  the  earth ;  and  I  shall  now  pro- 
ceed to  give  a  brief  view  of  the  opinions  which 
certain  philosophers  entertain,  and  the  deduc- 
tions they  have  been  led  to  make  in  reference 
to  this  subject. 

In  the  "  American  Journal  of  Science"  for 
April,  1834,  Dr.  Olmsted,  professor  of  mathe- 
matics and  natural  philosophy  in  Yale  Col- 
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lege,  New  Haven,  has  entered  into  an  elabo- 
rate investigation  of  this  subject  in  a  commu- 
nication which  occupies  about  forty-two  pages. 
The  whole  of  this  paper  is  well  worthy  of  the 
attentive  perusal  of  the  philosophic  inquirer, 
but  the  limits  to  which  I  am  necessarily  con- 
fined in  this  chapter  will  permit  me  to  state 
only  the  general  results  of  the  professor's 
investigations ;  all  of  which  appear  to  be  de- 
duced from  the  phenomena  with  great  acute- 
ness  and  ingenuity  of  reasoning.  These  re- 
sults are : 

1.  That  the  meteors  of  November  13  had 
their  origin  beyond  the  limits  of  our  atmo- 
sphere. For  the  source  of  the  meteors  did  not 
partake  of  the  earth's  motion,  which  was  de- 
monstrable from  a  variety  of  circumstances, 
some  of  which  have  been  alluded  to  above. 

2.  That  the  height  of  the  place  whence  the 
meteors  emanated,  above  the  surface  of  the 
earth,  was  about  2238  miles.     This  was  as- 
certained from  a  comparison  of  different  ob- 
servation made  in  different  places,  and  from 
trigonometrical    calculations    founded    upon 
them. 

3.  The  meteors  fell  towards  the  earth,  be- 
ing attracted  to  it  by  the  force  of  gravity. 
It  seemed  unnecessary  to  assign  any  other 
cause,  since   gravity  is  adequate  to  produce 
the  effect. 

4.  They  fell  towards  the  earth  in  straight 
lines,  and  in  directions  which,  within  con- 
siderable distances,  were  nearly  puruiiti  -unm 
each  other.     The   courses,  are   inferred  to 
have  been  straight  lines,  because  no  others 
could  have  appeared  to  spectators  in  different 
situations  to   have   described  arcs   of  great 
circles. 

5.  They  entered  the   earth's  atmosphere 
with  a  velocity  equal  to  about  four  miles  per 
second,  or  more  than  ten  times  greater  than  the 
maximum  velocity  of  a  cannon  ball,  and  about 
nineteen  times  that  of  sound.     This  was  in- 
ferred from  the  laws  of  falling  bodies. 

6.  The  meteors  consisted  of  combustible  mat- 
ter, and  took  fire  and  were  consumed  in  tra- 
versing the  atmosphere.     They  were    seen 
glowing  with  intense  light  and  heat,  increas- 
ing in  size  and  splendour  as  they  approached 
the  earth.     They  were  seen  extinguished  in 
a  manner  in  all  respects  resembling  a  combus- 
tible body  like  a  sky-rocket ;  and  in  the  case 
of  the  larger,  a  cloud  of  luminous  vapour  was 
seen   as  the   product  of  combustion.     That 
they  took  fire  in  the  atmosphere  is  inferred 
from  the  fact  that  they  were  not  luminous  in 
their  original  situation  in  space,  otherwise  the 
body  from  which  they  emanated  would  iiave 
been  visible. 

7.  Some  of  the  larger  meteors  must  have 
been  bodies  of  great  size.  Some  of  them  ap- 
peared larger  than  the  full  moon  rising.  Such 
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a  body  seen  at  110  miles  distance  behoved  to 
have  been  one  mile  in  diameter;  at  fifty-five 
miles,  one-half  mile  ;  at  2-2  miles,  one-fifth  of 
a  mile  ;  at  53  miles,  one-twentieth  of  a  mile, 
or  264  feet. 

8.  Tilt  meteors  were  constituted  of  light 
and  transparent  materials.     They  were  of 
light   materials,  otherwise  their   momentum 
would  have  been  sufficient  to  enable  them  to 
make  their  way  through  the  atmosphere  to  the 
surface  of  the  earth.     They  were  transparent 
bodies,   otherwise  we  cannot  conceive  how 
they  could  have  existed  together  in  their  ori- 
ginal state  without  being  visible  by  reflected 
light. 

9.  The  next,  and  one  of  the  principal  sub- 
jects of  inquiry  was,  What  relations  did  the 
body  which  afforded  the  meteoric  shower  sus- 
tain to  the  earth  ?     Was  it  of  the  nature  of 
a  satellite  that  revolves  round  the  earth  as  its 
centre  of  motion  7     Was  it  a  collection  of  ne- 
bulous matter  which  the  earth  encountered  in 
its  annual  motion  1  or  was  it  a  comet  which 
chanced  at  this  time  to  be  pursuing  its  path 
along  with  the  earth  around  their  common 
centre  of  motion  ?     It  could  not  have  been  a 
satellite,  because  it  remained  so  long  station- 
ary with  respect  to  the  earth ;  nor  was  it  a 
nebula,  either  stationary  or  wandering  lawless 
through  space.     Such  a  collection  of  matter 
could  not  remain  stationary  within  the  solar 
system ;  and  had  it  been  in  motion  in  any 
other  direction  than  that  in  which  the  earth 
was  moving,  it  would  soon  have  been  sepa- 
rated from  the  earth,  since  during  the  eight 
hours  while  the  meteoric  shower  lasted,  the 
earth  moved  in  its  orbit  through  the  space  of 
640,000    miles.      The   conclusion   to  which 
Professor  Olmsted  arrives,  after  a  due  con- 
sideration of  all  the  circumstances,  is  the  fol- 
lowing : 

That  the  meteors  of  November  13th  con- 
sisted of  portions  of  the  extreme  parts  of  a 
nebulous  body,  which  revolves  around  the  sun 
in  an  orbit  interior  to  that  of  the  earth,  but 
»  little  inclined  to  the  plane  of  the  ecliptic, 
having  its  aphelion  near  to  the  earth's  path, 
and  having  a  periodic  time  of  182  days 
nearly. 

This  conclusion,  the  professor  thinks,  will 
account  for  the  following,  among  other  circum- 
stances : — Why  the  phenomenon  remained  so 
long  stationary  with  respect  to  the  earth ;  why 
it  was  seen  in  that  particular  part  of  the 
heavens ;  and  why  it  returns  at  stated  periods, 
having  appeared  at  Mocha,  in  Arabia,  just 
one  year  preceding,  and  in  a  manner  very 
similar  to  the  present,  as  described  by  Hum- 
boldt  arid  by  Ellicot  thirty-four  years  before. 
It  will  likewise  account  for  an  auroral  light, 
resembling  daybreak,  which  was  seen  in  the 
east  several  hours  before  the  dawn  of  day,  and 
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it  is  also  supposed  it  may  account  for  the  dif- 
ferent appearances  of  the  zodiacal  light.  The 
professor  is  of  opinion  that  the  body  alluded 
to  is  somewhat  analogous  to  that  of  a  comet. 
Fig.  77  represents  the  supposed  orbit  of  this 
body  in  relation  to  that  of  the  earth.  E  HI 
K  represents  the  orbit  of  the  earth  ;  S,  the 
position  of  the  sun  ;  and  C  D  F  G,  the  sup- 
posed orbit  of  the  body  which  was  the  source 
of  the  meteoric  phenomena.  At  the  time 
these  phenomena  were  seen,  the  body  is  sup- 
posed to  have  been  at  C  when  the  earth  was 
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Arago  appears  to  entertain  an  opinion  on 
this  subject  not  very  different  from  that  of 
Dr.  Olmsted.  He  supposes  that  there  may 
be  myriads  of  bodies,  composed  probably  of 
nebulous  matter  similar  to  the  tails  of  comets, 
circulating  round  the  sun  in  a  zone  or  ring 
that  crosses  the  earth's  orbit  at  that  part 
where  it  is  about  the  12th  November,  and 
that  some  of  them,  drawn  from  their  course 
by  the  earth's  attraction,  fall  towards  it,  and 
taking  fire  when  they  enter  the  atmosphere, 
in  consequence  of  their  prodigiously  rapid 
motion,  present  the  luminous  phenomena  of 
falling  stars.  The  body  or  bodies  from  which 
these  meteors  proceed,  he  considers  as  un- 
questionably in  rapid  motion,  performing  a 
revolution  round  the  sun  in  some  plane  differ- 
ent from  that  of  the  earth's  orbit ;  and  that 
the  apparent  course  of  the  meteors  will  be 
compounded  of  this  proper  motion  an<i  uf  the 
earth's  motion  in  its  orbit  at  the  time.  t  fol- 
lows, that  the  point  from  which  they  seem  to* 
come  will  be  that  towards  which  the  earth  is* 
moving  at  the  time,  namely,  the  constellation- 
Leo  /  for  the  line  or  tangent  of  the  earth's 
annual  motion  at  the  13th  and  14th  Novem- 
ber points  exactly  to  that  constellation.* 

*  A  gentleman  in  South  Carolina  thus  describes 
the  effect  of  the  phenomenon  of  1833  upon  his  ne- 
3  ii  2  '641? 
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Thus  it  appears  that  celestial  bodies  are 
revolving  around  us  of  which  we  formerly  had 
no  knowledge  or  conception.  A  new  planet- 
ary system,  within  the  limits  of  the  old,  is  be- 
ginning to  be  revealed  to  us,  the  number  of 
the  bodies  belonging  to  which  may  be  much 
greater  than  we  are  yet  aware  of,  and  their 
particular  properties  and  motions  may  at  no 
distant  period  be  detected  and  explained. 
This  is  one  proof,  among  others,  that  bodies 
of  a  considerable  size  may  exist  in  the  hea- 
vens, and  be  prosecuting  their  courses  in  va- 
rious directions,  though  they  have  never  been 
detected  by  our  telescopes.  The  subject  is 
peculiarly  interesting  to  philosophers  and  as- 
tronomers. The  facts  which  have  already 
been  observed  afford  a  sensible  proof  of  the 
attractive  power  of  the  earth  over  bodies  at  a 
distance  in  the  heavens ;  and  it  is  to  be  hoped 
that  the  future  observations  and  investigations 
of  scientific  men,  in  relation  to  such  pheno- 
mena, will  throw  some  further  light  on  the 
nature  and  properties  of  bodies  which  have 
hitherto  been  involved  in  darkness  and  mys- 
tery. What  the  destination  of  such  bodies 
may  be,  or  the  ends  they  serve  in  the  econo- 


my of  nature,  we  are  as  yet  entirely  ignoran 
of.  It  appears  pretty  evident  that  they  are 
bodies  of  no  great  density,  otherwise  then 
effect  on  the  earth  might  have  been  more  ter- 
rific and  disastrous.  Had  their  quantity  of 
matter  been  considerable,  when  accompanied 
with  so  prodigious  a  velocity  as  they  evidently 
had,  their  momentum  would  have  been  such 
as  to  have  dashed  them  with  violence  upon 
the  earth,  where  the  most  appalling  effects 
might  have  been  produced,  in  the  demolition 
of  human  habitations,  and  the  destruction  of 
thousands  of  their  inhabitants.  But  it  does 
not  appear  that  any  of  them  made  their  way 
through  the  atmosphere  to  the  surface  of  the. 
earth,  which  was  doubtless  owing  to  the  com- 
paratively light  materials  of  which  they  were 
composed.  This  circumstance,  along  with 
many  others,  evidently  shows  that  we  may  be 
surrounded  with  numerous  bodies  and  sub- 
stances impalpable  to  the  organs  of  vision,  any 
one  of  which  might  be  sufficient  to  deprive 
us  of  our  comforts,  and  even  prove  destructive 
to  our  existence,  were  it  not  under  the  direc- 
tion and  control  of  Infinite  Wisdom  and  Be- 
nevolence. 
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in  the  preceding  pages  exhibited 
a  condensed  view  of  the  principal  facts  in  re- 
lation to  the  Sidereal  Heavens,  I  shall  now 
inquire  into  some  of  the  designs  which  the 
Almighty  Creator  appears  to  have  had  in 
view  in  replenishing  his  universe  with  such 
an  immense  number  and  variety  of  magnifi- 
cent orbs.  In  Chapter  IX.  of  "Celestial 
Scenery,"  I  entered  on  a  consideration  of  this 
subject,  and  illustrated  at  some  length  a  few 
leading  arguments,  which  tend  to  prove  that 
matter  was  created  chiefly  in  subserviency  to 

proea  :  "I  was  suddenly  awakened  by  the  most 
distressing  cries  that  ever  fell  on  my  ears.  Shrieks 
of  horror  and  cries  of  mercy  I  could  hear  from 
most  of  the  negroes  on  three  plantations,  amount- 
ing in  all  to  about  six  or  eight  hundred.  While 
earnestly  listening  for  the  cause,  I  heard  a  faint 
voice  near  the  door  calling  my  name.  I  arose, 
and  taking  my  sword,  stood  at  the  door.  At  this 
moment  I  heard  the  same  voice  still  beseeching 
me  to  rise,  and  sayin?,  '  Oh,  mv  God  !  the  world 
is  on  fire  !'  I  then  opened  the  door,  and  it  is  diffi- 
cult to  say  which  excited  me  most— the  awfulness 
of  the  scene,  or  the  distressed  cries  of  the  negroes. 
Upwards  of  one  hundred  lay  prostrate  on  the 
ground  ;  some  speechless,  and  some  uttering  the 
bitterest  cries,  but  most  with  their  hands  raised, 
imploring  God  to  save  the  world  and  them.  The 
scene  was  truly  awful ;  for  never  did  rain  fall 
much  thicker  than  the  meteors  fell  towards  the 
earth,  east,  west,  north,  and  south,  it  was  the 
•ame!" 
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mind,  and  that  the  main  object  of  the  crea- 
tion of  the  planets,  as  proved  from  all  the 
decorations  and  special  arrangements  connect- 
ed with  them,  .vas  to  afford  habitations  for 
numerous  orders  of  sensitive  and  intellectual 
beings.  Without  resuming  the  consideration 
of  any  of  the  arguments  there  stated,  I  shall 
in  this  chapter  offer  a  few  additional  argu- 
ments corroborative  of  the  same  position, 
which,  taken  in  connexion  with  the  former, 
will,  I  trust,  amount  to  a  moral  demonstra- 
tion that  all  the  great  globes  in  the  universe 
are  in  some  respect  or  another  connected  with 
intelligent  existence. 

I.  The  first  class  of  arguments  I  shall  illus- 
trate is  the  following : — That  the  doctrine  of 
a  plurality  of  worlds  is  more  worthy  of  the 
perfections  of  the  Infinite  Creator,  and 
gives  us  a  more  glorious  and  magnificent 
idea  of  his  character  and  operations  than  to 
suppose  his  benevolent  regards  confined  to 
the  globe  on  which  we  dwell. 

1.  The  doctrine  of  a  plurality  of  worlds  is 
more  accordant  with  the  idea  of  the  infinity 
of  the  Divine  Mind  than  any  other  position. 
It  is  admitted  by  all  rational  theists  and  theo- 
logians that  the  Divine  nature  fills  the  im- 
mensity of  space,  and  we  consequently  adore 
the  Creator  as  an  infinite  and  incomprehensi- 
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We  being.  But  we  can  have  no  ideas  ap- 
proximating to  what  infinity  really  is,  unless 
by  the  prospects  opened  to  us  of  the  indefinite 
extension  of  material  existence.  Beyond  the 
limits  we  may  assign  to  the  material  world, 
our  ideas,  if  we  have  any  ideas  at  all,  run 
into  confusion,  and  approximate  to  inanity. 
It  does  not  comport  with  the  idea  of  a  Being 
of  infinite  perfection  that  his  works  should  be 
confined  to  one  point  of  infinite  space,  or  that 
one  comparatively  small  race  of  intelligent 
beings  should  be  the  sole  object  of  the  moral 
government  of  Him  whose  presence  fills  the 
regions  of  immensity.  It  is  more  correspond- 
ing to  the  conceptions  we  ought  to  form  of 
such  a  Being  that  the  immensity  of  his  works 
should  correspond,  in  some  degree,  to  the 
immensity  of  his  nature ;  and,  so  far  as  our 
knowledge  and  observation  extend,  this  is  in 
reality  the  case.  Beyond  the  range  of  natural 
vision,  the  telescope  enables  us  to  descry  nu- 
merous objects  of  amazing  magnitude;  and, 
in  proportion  to  the  excellence  of  the  instru- 
ment and  the  powers  applied,  objects  still 
more  remote  in  the  spaces  of  immensity  are 
unfolded  to  our  view,  leaving  us  no  room  to 
doubt  that  countless  globes  and  masses  of 
matter  lie  concealed  in  the  still  remoter  re- 
gions of  infinity,  far  beyond  the  utmost  stretch 
of  mortal  vision.  But  huge  masses  of  matter, 
however  numerous  and  widely  extended,  if 
devoid  of  intelligent  beings,  could  never  com- 
port with  the  idea  of  happiness  being  coex- 
tensive with  the  range  of  the  Creator's  domi- 
nions. Such  an  idea  would  completely  ob- 
scure the  lustre  of  all  his  other  attributes,  and 
prevent  them  from  being  known  and  appre- 
ciated wherever  his  Omnipotence  is  displayed. 
To  consider  creation,  therefore,  in  all  its  de- 
partments, as  extending  throughout  regions 
of  space  illimitable  to  mortal  view,  and  filled 
with  intelligent  existence,  is  nothing  more 
than  what  comports  with  the  idea  of  HIM 
who  inhabiteth  immensity,  and  whose  perfec- 
tions are  boundless  and  past  finding  out. 

2.  The  idea  of  the  indefinite  extension  of 
the  universe  and  a  plurality  of  worlds  Is  most 
accordant  with  the  eternity  of  the  Divine 
Mind.  When  we  go  back  in  imagination  to 
ages  and  centuries  of  duration  more  numer- 
ous than  the  drops  of  ocean  or  the  sands  on 
the  sea-shore,  we  find  the  Deity  existing  iu 
all  the  plenitude  of  his  incommunicable  attri- 
butes ;  for  "  He  inhabiteth  eternity,"  as  well 
as  immensity.  There  is  nothing  repugnant 
either  to  reason  or  revelation  to  suppose  that, 
innumerable  ages  before  our  globe  was  ar- 
ranged into  its  present  state,  many  regions 
of  infinite  space  were  replenished  with  mate- 
rial existence;  for  the  Scriptures  nowhere 
assert  that  the  materials  out  of  which  our 
globe  was  arranged  were  brought  from  no- 


thing into  existence  at  the  period  when 
Moses  commences  his  narrative  of  the  pro- 
cesses which  preceded  the  formation  of  man. 
Nor  have  we  any  reason  to  believe  that  the 
operations  of  Creating  Power  have  ceased 
since  the  structure  of  our  world  was  com- 
pleted, but  have  some  evidences  of  the  con- 
trary ;  for  example,  in  the  case  of  new  stars 
which  have  made  their  appearance  at  differ- 
ent periods  since  the  time  of  the  Mosaic  crea- 
tion, and  even  within  the  limits  of  the  last 
century.  It  does  not  appear  corresponding 
to  the  idea  of  an  Eternal  Being,  whose  ex- 
istence can  never  terminate,  and  whose  per- 
fections are  the  same  at  all  periods  of  dura- 
tion, that  every  thing  should  stand  still  in  the 
universe,  and  that  nothing  new  should  arise 
into  existence  during  the  lapse  of  infinite  du- 
ration, which  would  in  effect  be  the  case  if 
the  work  of  creation  were  absolutely  finished, 
or  if  man  were  the  principal  intelligence  con- 
nected with  the  material  system. 

Whether  the  happiness  of  the  Divinity 
may  be  increased  by  the  contemplation  of  his 
purposes  and  plans  being  brought  into  effect, 
we  cannot  positively  declare ;  though  it  does 
not  appear  contrary  to  reason  or  the  dictates 
of  Scripture  to  suppose  that  even  the  felicity 
of  the  Deity  may,  in  a  certain  limited  and 
modified  sense,  be  susceptible  of  augmenta- 
tion.* But  whatever  opinion  may  be  formed 
on  this  point,  from  the  constitution  of  finite 
minds,  and  the  principles  and  desires  implant- 
ed in  them,  it  appears  necessary  to  their  pro- 
gressive enjoyment  that  new  scenes  and  ma- 
nifestations of  Divine  perfection  should  be 
continually  opening  to  their  view;  and  if  the 
universe  be  indefinitely  extended,  as  it  appears 
to  be,  and  if  new  worlds  are  continually 
springing  up  under  the  creating  hand  of  the 
Omnipotent,  then  we  behold  a  prospect  of 
progressive  knowledge  and  enjoyment  suited 
to  the  desires  and  aspirations  of  intelligent 
minds,  which  can  never  terminate  throughout 
all  the  future  periods  of  eternity.  It  is  indeed 
absurd  to  suppose  that  a  Being  without  be- 

*  It  is  declared  in  Psalm  cxlvii.  11  :  "The  Lord 
taketh  pleasure  iu  them  that  fear  him,  m  those 
that  hope  in  his  mercy  ;"  and  in  relation  to  Mes- 
siah it  is  said,  "  Jehovah  is  well  pleased  for  his 
righteousness'  sake."  In  reference  to  the  mate- 
rial works  of  creation  it  is  said,  Psalm  civ.  31, 
"The  iilory  of  the  Lord  shall  endure  for  ever;  the 
Lord  shall  nffcjoiCE  in  all  his  works."  The  ex- 
pression, "  The  glory  of  the  Lord,"  denotes  the 
display  of  the  Divine  perfections  made  in  the 
works  of  creation,  as  is  evident  from  the  subject 
of  the  psalm  in  which  it  occurs,  which  celebrates 
the  power,  wisdom,  and  providence  of  God,  in  re- 
lation to  the  objects  of  the  visible  world.  In  re- 
ference to  these  objects  it  is  said,  "  The  Lord  shall 
rejoice"  in  them,  which  seems  lo  imply,  speaking 
after  the  manner  of  men,  a  dearee  of  pleasure  or 
satisfaction  in  beholding  his  wise  and  benevolent 
plans,  and  his  eternal  purposes,  brought  into 
effect  and  fulfilling  the  ends  intended. 
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ginning  and  without  end  should  have  his 
attention  solely  or  chiefly  directed  to  one 
point  of  his  universe,  and  to  one  class  of  in- 
telligences, "  to  whom,"  in  point  of  number 
and  of  rank,  "  they  are  counted  as  nothing, 
and  less  than  nothing,  and  vanity." 

In  respect  to  a  Being,  then,  who  fills  the 
infinity  of  space  with  his  presence,  and  who 
is  possessed  of  eternal  duration,  it  is  nothing 
more  tnan  what  !«  consistent  with  these 
attributes,  and  7,'hat  we  should  naturally  ex- 
pect, that  in?  empire  should  stretch  over  the 
regions  of  immer^ity,  and  that  it  should  be 
filled  with  innumerable  intelligences,  capable 
of  appreciating  hlo  power  and  goodness,  and 
of  paying  a  tribute  of  gratitude  and  adoration. 
The  two  attributes  to  which  we  have  adverted 
could  never  be  thoroughly  displayed  to  finite 
minds,  unless  creation  were  extended  through 
the  illimitable  tracks  of  space,  and  new  crea- 
tions gradually  unfolding  themselves  to  view. 
Were  creation  as  limited  as  many  suppose, 
w:i":  It  ron fined  chiefly  to  the  world  in  which 
we  n™"*-!,  ^nd  tne  oeings  connected  with  it, 
we  ~:£bv  ui  the  course  of  a  few  ages  be  said 
in  some  a^t^ure  to  comprehend  the  Creator, 
L*vir~  C5p'or*Hi  all  the  displays  he  has  made 
oJ  h:_  power,  wisdom,  and  goodness ;  for  we 
know  nothing  more  of  the  Deity  than  the 
tHtMiifrxtations  he  has  made  of  himself  in  his 
wor!u*  anu  his  moral  dispensations.  Every 
thing  in  relation  to  man  and  his  habitation 
might  be  known  after  the  investigations  of  a 
very  limited  number  of  ages,  and  nothing 
further  would  remain  to  stimulate  the  exercise 
of  the  rational  faculties  throughout  all  the 
succeeding  periods  of  infinite  duration.  But 
we  may  rest  assured  that 'the  Divine  Being 
is  absolutely  incomprehensible,  and  that  no 
created  intelligence  will  ever  be  able  to  sound 
the  depth  of  his  perfections,  or  to  trace  the 
full  extent  of  his  operations. 

3.  It  is  more  accordant  with  the  wisdom 
of  the  Deity  that  the  universe  should  be  in- 
habited by  intelligent  minds,  than  that  it 
should  remain  in  a  state  of  perpetual  desolation 
and  solitude. 

Could  it  be  proved  that  the  planets  of  the 
solar  system,  and  all  the  other  magnificent 
globes  which  are  dispersed  throughout  crea- 
tion, are  only  rude  masses  of  matter,  without 
life  and  intelligence,  it  would  confound  all 
our  ideas  of  the  intelligence  of  the  Divine 
mind.  Wisdom  is  universally  acknowledged 
to  be  one  of  the  eternal  and  essential  attributes 
of  the  Divinity.  But  how  could  the  glory 
of  this  attribute  be  traced  from  the  contem- 
plation of  a  mass  of  mere  inanimate  matter, 
however  vast  and  splendid  in  its  general  as- 
pect, when  no  end  or  design  of  its  creation  is 
perceived  T  Where  should  we  be  enabled  to 
perceive  the  nice  adaptation  of  means  to  ends  1 
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the  harmonious  operation  of  principles  and 
causes  producing  grand  and  beneficent  effects  ? 
the  accomplishment  of  glorious  and  useful 
designs  by  admirable  arrangements'?  We 
could  only  behold  a  vast  and  stupendous  as- 
semblage of  means  without  an  end ;  or,  at 
least,  without  an  end  corresponding  to  their 
magnitude  and  grandeur.  We  should  behold 
merely  a  display  of  boundless  and  uncontrol- 
lable power  acting  at  random,  and  producing 
no  effect  which  could  excite  the  love  and  ad- 
miration of  holy  intelligences.  For  what 
could  they  behold  to  excite  such  emotions^ 
although  they  were  permitted  to  make  the 
tour  of  the  universe  7  Scenes  of  emptiness 
and  desolation,  of  silence  and  solitude,  where 
no  sound  is  heard,  where  no  animated  being 
enlivens  the  boundless  prospect,  where  no 
interchange  of  sentiment  or  affection  can  take 
place,  and  where  no  praises  from  adoring 
worshippers  ever  ascend  to  the  Ruler  of  the 
skies.  A  rational  being  traversing  scenes 
of  this  description  would  feel  as  little  enjoy- 
ment as  a  bewildered  traveller,  amidst  storms 
and  tempests,  wandering  over  a  vast  howling 
wilderness,  where  human  feet  had  never  trod, 
and  where  the  sweet  accents  of  the  human 
voice  arc  never  heard  to  cheer  the  surround- 
ing solitude. 

But  when  we  view  the  magnificent  globes 
which  are  scattered  throughout  immensity  as 
replenished  with  numerous  orders  of  intelli- 
gent beings,  we  behold  an  end  worthy  of  the 
grandeur  of  the  means  which  have  been  em- 
ployed, worthy  of  the  omnipotent  power 
which  has  been  exerted,  and  corresponding 
to  the  perfections  of  him  who  is  "  the  only 
wise  God,"  who  is  "wonderful  in  counsel, 
and  excellent  in  working."  We  behold  a 
display  of  Divine  wisdom  and  munificence 
which  is  calculated  to  arrest  the  attention  and 
draw  forth  the  admiration  of  all  rational  be- 
ings, and  to  excite  the  most  ardent  desires  of 
beholding  the  .distant  scenes  of  the  universe 
more  completely  unfolded — a  display  calcu- 
lated to  gratify  intelligences  of  the  highest 
order,  and  of  the  most  capacious  powers,  to 
excite  them  to  the  most  sublime  investigations, 
and  to  inspire  them  with  emotions  of  love, 
reverence,  and  adoration  of  Him  who  created 
all  worlds,  and  for  whose  pleasure  they  are 
and  were  created. 

4.  The  idea  of  the  universe  being  replen- 
ished with  sensitive  and  intellectual  existence 
is  accordant  with  every  rational  view  we  can 
take  of  the  goodness  or  benevolence  of  the 
Deity. 

The  goodness  of  God  is  that  attribute  of 
his  nature  by  which  he  delights  to  communi- 
cate happiness  to  all  the  ranks  of  his  sentient 
and  intelligent  offspring.  Like  every  other 
attribute  of  the  Divine  mind,  it  is  strictly 
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boundless  or  infinite,  Coextensive  with  the 
eternal  greatness  of  that  mind,  and  commen- 
surate with  infinite  knowledge,  wisdom,  and 
omnipotence.  The  benevolence  of  the  Deity 
may  be  said  to  constitute  his  whole  moral 
character,  and  to  reflect  a  radiance  on  all  his 
other  perfections.  To  his  love  of  happiness, 
as  it  now  exists  among  every  order  of  his 
creatures,  and  to  his  desire  of  producing  it  in 
all  his  future  arrangements,  no  possible  limits 
can  be  affixed.  Hence,  in  the  sacred  records, 
the  Divine  Being  is  summarily  described  by 
this  perfection  alone,  "  God  is  love.1"  It  is 
not  merely  asserted  that  God  is  benevolent, 
but  that  he  is  benevolence  itself.  Benevo- 
lence is  the  essence  of  his  being  and  character 
— a  summary  of  every  thing  that  can  render 
him  amiable  and  adorable  in  the  eyes  of  all 
his  intelligent  creatures.  This  benevolence 
is  permanent  and  immutable,  and  must  be 
for  ever  active  in  distributing  blessings 
wherever  percipient  beings  exist.  As  it  con- 
sists in  the  love  of  happiness,  and  the  desire 
of  communicating  it  wherever  there  is  scope 
for  its  exercise ;  as  it  is  the  boundless  energy 
of  the  infinite  Mind  in  unceasingly  doing 
good,  it  must  be  displayed,  in  a  greater  or 
less  degree,  wherever  matter  exists,  and 
wherever  wisdom  and  omnipotence  have  been 
exerted  throughout  the  universe.  We  know 
that  it  is  incessantly  displayed  throughout  all 
the  departments  of  our  terrestrial  system,  in 
the  ample  provision  made  for  the  wants  of 
every  species  of  animated  existence,  in  "  giv- 
ing" the  various  tribes  of  men  "rain  from 
heaven  and  fruitful  seasons,  and  filling  their 
hearts  with  food  and  gladness;"  and,  in  a 
wonderful  diversity  of  modes,  distributing  en- 
joyment among  percipient  beings.  It  is 
celebrated  in  the  highest  strains  by  the  in- 
spired writers  as  one  of  the  most  glorious 
and  distinguishing  characteristics  of  Jehovah. 
"  The  Lord  is  good  to  all ;  his  tender  mercies 
are  over  all  his  works."  "  He  is  merciful,  and 
gracious,  and  abundant  in  goodness."  "  His 
bounty  is  great  above  the  heavens,"  and  "  he 
exercises  loving  kindness  throughout  the 
earth."  "  0  give  thanks  to  the  Lord,  for  he  is 
good,  for  his  mercy  endureth  for  ever." 

But  however  great  and  inexhaustible  the 
source  of  happiness  in  the  Divine  mind,  the 
exercise  of  goodness  necessarily  supposes  the 
existence  of  sensitive  or  rational  beings,  to- 
wards whom  benevolence  may  be  displayed. 
Where  no  such  beings  are  to  be  found,  this 
attribute  cannot  be  exercised  or  traced  in  its 
operation.  Mountains  and  plains,  rocks  of 
marble  and  diamonds,  or  valleys  adorned  with 
all  manner  of  precious  stones,  however  rich 
and  splendid,  cannot  feel  the  effects  of  Divine 
beneficence.  If,  therefore,  the  numerous 
globes  throughout  the  universe  were  destitute 


of  inhabitants,  there  would  be  no  extensive 
display  of  this  essential  perfection  of  the  Di- 
vine nature ;  and  to  those  few  intelligences 
who  might  be  permitted  to  view  the  desolate 
wastes  of  the  universe,  or  to  receive  informa- 
tion respecting  them,  it  would  appear  as  if  the 
Divine  goodness  had  either  been  exhausted 
or  had  ceased  its  operations,  and  been  with- 
drawn from  the  scene  of  creation,  as  if  "  the 
Lord  had  forgotten  to  be  gracious,  and  in 
anger  shut  up  his  tender  mercies."  We  have 
reason,  however,  to  believe,  both  from  scripture 
and  from  reason,  that  it  is  the  great  end  of 
all  the  operations  of  Deity  that  a  theatre  may 
be  prepared,  on  which  the  emanations  of  his 
goodness  may  be  communicated  to  innumer- 
able orders  of  beings  throughout  his  vast 
creation.  There  is  no  other  conceivable  end 
for  which  the  fabric  of  universal  nature  was 
reared  than  that  it  should  serve  as  a  scene  of 
enjoyment  to  innumerable  beings  susceptible 
of  feeling  the  effects  of  the  Creator's  bounty, 
and  that  therein  they  might  behold  a  magnifi- 
cent display  of  the  grandeur  of  his  eternal 
attributes ;  but  if  by  far  the  greater  part  of 
creation  were  uninhabited,  such  an  end  would 
be  frustrated.  However  expansive  the  scene 
of  the  universe  may  be — however  numerous 
and  magnificent  the  worlds  and  systems  which 
exist  within  its  boundless  range,  the  glories 
of  Omnipotence  would  remain  for  ever  veiled 
and  unknown,  except  to  a  small  race  of  beings 
who  occupy  only  a  point  in  the  immensity 
of  space,  and  who  cannot  possibly  be  ac- 
quainted with  the  ten-thousandth  part  of  the 
scenes  which  lie  in  the  remoter  spaces  of 
creation. 

If,  therefore,  we  would  not  rob  the  Divinity 
of  the  most  distinguishing  attribute  of  his  na- 
ture, we  must  admit  that  wherever  creation 
extends,  his  goodness  and  beneficence  are 
displayed,  and,  consequently,  that  intelligent 
beings  of  various  orders  must  exist  throughout 
all  its  amplitudes.  Wherever  power  and  wis- 
dom are  displayed,  it  ought  to  be  considered 
as  a  necessary  consequence  that  there  also 
goodness  is  exercised,  as  the  one  is  subsidiary 
to  the  other,  and  stands  related  as  means  to 
an  end,  or  as  cause  to  effect.  It  would  be  a 
most  glaring  piece  of  inconsistency  to  suppose 
that  the  Divine  benevolence  is  confined  to  one 
or  two  worlds  or  orders  of  beings,  when  mil- 
lions of  expansive  systems  diversify  the  fields 
of  immensity  ;  more  especially  when  we  con- 
sider that  the  goodness  of  the  Deity  is  of  so 
communicative  a  nature  that  all  the  interval 
between  a  polypus  and  a  man  is  filled  with 
thousands  of  species  of  animated  beings,  of 
every  conceivable  form,  and  structure,  and 
capacity,  in  order  that  happiness  of  every  de- 
gree may  be  diffused  among  every  possible 
order  of  sentient  existence.  Every  element 
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of  nature,  every  department  of  our  terrestrial 
system,  forms  an  appropriate  abode  for  living 
beings.  The  airr  the  waters,  and  the  earth 
teem  with  animated  existence  of  every  size 
and  form,  and  in  such  vast  multitudes  as  to 
exceed  all  human  calculation  ;  and  if  the  dis- 
plays of  Divine  goodness  be  thus  exuberant 
in  our  sublunary  world,  it  would  be  absurd  in 
the  highest  degree  to  suppose  for  a  moment 
that  the  millions  of  vast,  globes,  which  roll  in 
the  distant  regions  of  creation  are  devoid  of 
inhabitants,  since  the  communication  of  happi- 
ness appears  to  be  one  great  end  of  all  the 
operations  of  infinite  wisdom  and  omnipotence. 
Thus  it  appears  that  the  doctrine  of  a 
plurality  of  worlds  is  not  only  accordant  with 
every  rational  view  we  ought  to  entertain  of 
the  eternity  and  immensity,  the  wisdom  and 
goodness,  of  the  Divine  Being,  but  that  the 
opposite  opinion  would  be  repugnant  to  every 
consistent  and  scriptural  view  we  can  take 
of  the  character  of  the  Supreme,  and  would 
obscure  the  glory  of  every  divine  perfection. 
This  view,  therefore,  of  the  universe,  consi- 
dered as  replenished  with  innumerable  intel- 
ligences, is  calculated  to  exhibit  a  more  glo- 
rious and  magnificent  idea  of  the  character 
and  operations  of  the  Deity  than  to  suppose 
his  benevolent  regards  confined  to  the  globe 
on  which  we  dwell.  Instead  of  having  only 
one  comparatively  small  world  and  race  of 
beings  under  his  sway,  we  here  contemplate 
him  as  the  supreme  ruler  of  ten  thousand  times 
ten  thousands  of  mighty  worlds,  and  conduct- 
ing them  all,  with  unerring  skill,  in  their  vast 
career.  We  behold  him  exercising  his  moral 
administration  over  a  vast  universe  of  minds, 
more  numerous  than  the  faculties  of  men  or 
of  angelic  beings  are  adequate  to  compute, 
supporting  and  directing  all  the  amazing 
powers  of  thought,  wisdom,  intelligence,  af- 
fection, and  moral  action,  throughout  every 
part  of  his  eternal  empire,  displaying  the 
depths  of  his  wisdom  and  intelligence,  the 
rectitude  of  his  character,  and  the  grandeur 
of  his  omnipotence  to  countless  orders  of  in- 
tellectual existence,  presenting  before  them 
prospects  of  magnificence  and  grandeur  bound- 
less as  immensity,  distributing  among  them 
all  the  riches  of  his  beneficence,  and  inspiring 
them  with  the  hope  that  the  grandeur  of  his 
kingdom  and  the  glory  of  his  perfections  will 
continue  to  be  displayed  with  increasing 
splendour  throughout  all  the  periods  of  an 
endless  duration.  Such  a  Being  is  calculated 
to  draw  forth  the  highest  degree  of  love  and 
admiration  from  all  his  intelligent  offspring,  to 
inspire  them  with  glowing  ardour  in  his  ser- 
vice, and  to  excite  them  to  incessant  adora- 
tion ;  whereas,  did  the  universe  consist  merely 
of  a  boundless  mass  of  matter  without  anima- 
tion, thought,  or  intelligence,  a  veil  of  dark- 
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ness  and  mystery  would  be  thrown  over  all 
the  perfections  and  purposes  of  the  Divinity, 
creation  would  appear  a  vast,  mysterious,  and 
inexplicable  system ;  and  no  hope  would  ever 
be  entertained  of  tracing  the  designs  for  which 
it  was  brought  into  existence. 

II.  Another  general  argument  for  the  plu- 
rality of  worlds,  and  for  an  extensive  popula- 
tion of  the  universe,  may  be  founded  on  the 
following  proposition, — that  wherever  any 
one  perfection  of  Deity  is  exerted,  there  also 
ALL  his  attributes  are  in  operation,  and  must 
be  displayed,  in  a  greater  or  less  degree,  to 
certain  orders  of  intelligences.  This  is  a  most 
important  consideration,  which  ought  to  be 
taken  into  account  in  all  our  views  of  the 
Divine  character,  and  in  all  our  investigations 
of  the  Divine  administration — a  consideration 
which  is  too  frequently  overlooked  in  the  views 
and  reasonings  both  of  philosophers  and  theo- 
logians. 

The  Divine  Being  is  OXK  undivided  es- 
sence ;  he  is  not  compounded  of  separable 
parts  or  qualities,  insulated  from  each  other. 
We  ought  not,  therefore,  to  conceive  of  his 
attributes  as  so  many  independent  powers  or 
properties,  any  one  of  which  may  be  exerted 
without  the  concurrence  or  co-operation  of  the 
other.  From  the  limited  views  we  too  fre- 
quently take  of  the  Divinity,  and  from  the  im- 
perfection of  our  present  faculties,  we  are  apt 
to  fall  into  this  mistake  ;  but  since  all  the  per- 
fections we  attribute  to  the  Eternal  Mind  are 
attributes  of  one  indivisible  and  uncom- 
pounded  Being,  we  ought  never  to  imagine 
that  power  in  any  instance  operates  without 
goodness,  or  wisdom  without  rectitude,  or 
that  it  can  ever  happen  that  any  one  of  those 
perfections  can  be  displayed  without  the  har- 
monious operation  of  the  whole.  In  whatever 
regions  of  the  universe,  therefore,  God  is 
seen  to  operate  by  his  power,  we  may  rest 
assured  that  there  also  he  displays  himself  in 
the  plenitude  of  all  his  other  perfections ; 
that  intelligence,  wisdom,  benevolence,  vera- 
city, and  rectitude  follow  in  the  train  of  om- 
nipotence, displaying  in  undivided  lustre  and 
harmony  the  glories  of  his  character.  It  is 
Gon,  invested  with  all  his  eternal  and  immu- 
table, his  natural  and  moral  attributes,  and 
not  any  single  perfection,  that  acts,  arranges, 
and  governs  throughout  the  whole  amplitude 
of  creation  ;  and  as  such,  his  moral  grandeur, 
as  well  as  the  physical  effect  of  his  power, 
must  be  displayed  in  every  department  of  the 
material  universe.  From  the  influence  of 
habit,  and  in  consequence  of  the  limited  facul- 
ties of  our  nature,  we  are  accustomed  to  say, 
that  in  one  object  power  is  displayed,  and  in 
another  that  wisdom  is  manifested ;  because, 
that  in  the  one  the  attribute  of  power  appears 
to  us  most  prominent,  and  in  the  other,  wis- 
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dom  is  more  strikingly  apparent.  A  lofty 
range  of  mountains,  rearing  their  summits 
above  the  clouds,  and  stretching  along  for 
several  hundreds  of  miles,  strikes  the  mind 
with  an  idea  of  power  in  Him  who  formed 
them ;  but  the  fine  mechanism,  accomplishing 
certain  useful  purposes  in  the  body  of  an  emmet 
or  a  gnat,  or  the  delicate  construction  of  the  eye 
of  a  dragon-fly,  arrests  our  attention  more  par- 
ticularly as  an  evidence  of  wisdom,  although 
in  each  of  these  cases  both  power  and  wisdom 
are  displayed.  In  no  act  or  operation  what- 
ever of  the  Divine  Being  can  it  be  said,  that 
in  that  act  he  is  only  wise,  or  only  powerful, 
or  only  benevolent ;  for  in  every  operation, 
and  in  every  part  of  his  procedure,  he  acts  in 
the  plenitude  of  all  his  essential  attributes, 
although  the  full  display  of  all  his  perfections 
may  not,  in  every  instance,  be  open  to  our 
inspection. 

If,  then,  the  positions  now  stated  be  admit- 
ted, (and  I  see  not  how  they  can  be  called  in 
question,)  it  necessarily  follows  that  all  the 
vast  globes  dispersed  throughout  the  universe 
are  either  inhabited  or  contribute,  as  our  sun 
does,  to  the  comfort  and  enjoyment  of  perci- 
pient existence ;  for  if  wisdom  and  goodness 
uniformly  and  of  necessity  accompany  the 
agency  of  power,  and  if  these  attributes  can 
be  exercised  only  in  relation  to  sentient  or 
intelligent  beings,  such  beings  must  exist 
wherever  such  perfections  are  exercised.  To 
suppose  the  contrary  would  involve  a  palpable 
absurdity,  and  present  a  distorted  and  incon- 
sistent view  of  the  adorable  character  of 
Jehovah. 

In  our  survey  of  the  sidereal  heavens,  and 
the  remoter  provinces  of  the  Divine  empire, 
we  behold  little  more  than  an  overwhelming 
display  of  almighty  power.  Our  remoteness 
from  those  magnificent  scenes  prevents  us 
from  tracing  the  minute  contrivances  of  Di- 
vine Wisdom  in  relation  to  any  particular  sys- 
tem, or  the  displays  of  Divine  Beneficence 
towards  its  inhabitants.  But  our  incapacity 
in  perceiving  the  effects  of  wisdom  and  good- 
ness forms  no  arguments  against  the  actual 
exercise  of  these  perfections.  If  it  be  admit- 
ted that  infinite  wisdom  and  benevolence  are 
the  necessary  accompaniments  of  almighty 
power,  we  may  rest  assured  that  those  per- 
fections are  in  full  and  constant  exercise 
wherever  creating  power  has  been  exerted, 
although,  from  our  present  situation  in  the 
universe,  their  operation  be  concealed  from 
our  view.  In  every  instance  where  Omnipo- 
tence has  put  forth  its  energies,  it  may  be  con- 
sidered as  a  stage  or  theatre  on  which  the 
Divine  wisdom  and  benevolence  may  be  dis- 
played. And  as  wisdom  and  goodness  can 
only  have  a  reference  to  percipient  and  intel- 
ligent beings,  wherever  those  perfections  are 


exercised,  such  beings  must  necessarily  be 
conceived  to  exist ;  otherwise,  we  in  effect 
destroy  the  simplicity  of  the  Divine  nature, 
we  divide  the  Divine  essence  into  so  many 
independent  attributes,  and  virtually  declare 
that  in  the  work  of  creation  the  Deity  does 
not  act  in  the  full  exercise  of  his  indivisible 
and  eternal  perfections. 

The  above  considerations,  if  duly  weighed 
and  understood,  appear  to  me  to  embody  an 
argument  for  the  doctrine  of  an  indefinite 
plurality  of  worlds  which  may  be  considered 
as  amounting  to  a  moral  demonstration. 

III.  There  is  an  absurdity  involved  in  the 
contrary  supposition — namely,  that  the  dis- 
tant regions  of  creation  are  devoid  of  inhabit- 
ants. 

1.  There  are  two  modes  of  reasoning 
which  have  been  employed  to  prove  the  truth 
of  a  proposition  :  the  direct  method,  by  bring- 
ing forward  arguments,  or  following  out  a 
train  of  reasoning  bearing  expressly  on  the 
position  to  be  supported ;  or  the  indirect  me- 
thod, by  showing  the  absurdity  of  maintaining 
the  opposite  position.  Mathematicians  term 
this  latter  species  of  reasoning  the  reductio 
ad  absurdum,  and  sometimes  employ  it  in- 
stead of  the  direct  method,  by  showing  that 
the  contrary  of  the  position  laid  down  is  im- 
possible, or  involves  an  absurdity;  and  this 
method  of  proof  is  considered  as  valid,  and  as 
strictly  demonstrative  as  the  other ;  for  the 
opposite  of  truth  must  be  falsehood.  If, 
therefore,  any  proposition,  whether  mathe- 
matical or  moral,  can  be  shown  to  involve  an 
absurdity,  or  to  be  inconsistent  with  a  well- 
known  and  acknowledged  truth,  or  directly 
contrary  to  it,  we  may  safely  conclude  that 
such  a  proposition  must  be  false. 

To  feel  the  force  of  such  an  argument  in 
the  present  case,  let  us  suppose  for  a  moment 
that  the  planetary  and  stellar  orbs  are  desti- 
tute of  inhabitants.  What  would  be  the  con- 
sequences ?  All  those  vast  bodies  must  then 
be  considered  as  regions  of  eternal  silence, 
solitude,  and  desolation.  The  sun  illuminates 
the  surfaces  of  such  huge  globes  as  Jupiter 
and  Saturn,  but  there  are  no  visual  organs  to 
perceive  the  lustre  he  throws  around,  no  per- 
cipient beings  to  feel  the  influence  of  his  heat 
and  other  benign  agencies.  Time  is  mea- 
sured with  exquisite  precision  by  days,  and 
months,  and  years,  but  all  to  no  purpose ;  for 
no  rational  beings  enjoy  the  advantage  of  such 
measures  of  the  lapse  of  time,  and  the  Deity — 
to  whom  "  one  day  is  as  a  thousand  years, 
and  a  thousand  years  as  one  day" — stands  in 
no  need  of  such  movements  to  mark  the  pe- 
riods of  duration.  Day  and  night,  spring  and 
summer,  succeed  each  other,  but  they  have 
no  relation  to  the  wants  or  enjoyments  of 
sensitive  or  intellectual  natures.  The  melody 
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of  the  groves,  the  bleating  of  flocks,  the  low- 
ing of  herds,  the  harmonious  accents  of  hu- 
man voices,  or  the  music  of  angelic  choirs, 
never  for  a  moment  disturb  the  profound  and 
awful  silence  which  for  ever  prevails ;  not  a 
single  murmur  meets  the  ear,  unless  howling 
winds,  amidst  dreary  desarts  and  rugged 
rocks,  should  render  the  scene  still  more  hide- 
ous and  doleful.  Some  of  those  mighty  globes 
are  encircled  with  splendid  rings  and  a  reti- 
nue of  moons,  which  adorn  the  canopy  of  the 
sky,  and  present  a  scene  of  grandeur  far  more 
diversified  and  sublime  than  human  eyes 
have  yet  beheld,  but  no  intelligent  agents 
exist  in  those  regions  to  admire  and  enjoy 
the  wondrous  spectacle  and  to  adore  the  great 
Creator.  In  short,  all  is  one  wide  scene  of 
dreariness,  desolation,  horror,  and  silence, 
which  would  fill  a  spectator  from  this  world 
with  terror  and  dismay. 

Were  an  inhabitant  of  the  earth  to  be  trans- 
ported to  Jupiter  or  Saturn,  he  might  behold 
resplendent  scenes  in  the  canopy  of  the  firma- 
ment; but  how  great  would  be  his  disap- 
pointment to  find  nothing  but  boundless  de- 
sarts and  desolate  wastes,  without  one  sentient 
being  to  cheer  the  horrors  of  the  scene,  and 
not  a  rational  intelligence  to  communicate  a 
single  sentiment  or  to  join  him  in  the  con- 
templation of  the  objects  above  and  around 
him ;  and  were  he  to  range  throughout  an 
indefinite  lapse  of  ages  from  one  globe  to 
another,  and  from  one  corner  of  the  universe 
to  another,  and  find  the  same  gloomy  soli- 
tudes and  desolations,  he  could  find  no  stim- 
ulus to  excite  him  to  admiration  or  rapture, 
or  to  elevate  his  soul  in  adoration  of  the 
Creator.  Even  the  most  resplendent  scenes, 
adorned  with  all  the  riches  and  beauties  which 
the  most  lively  imagination  can  depict, — 
mountains  of  diamonds  and  plains  diversified 
with  all  the  beauties  of  the  vegetable  crea- 
tion,— could  impart  no  real  pleasure  while 
unenlivened  with  the  principle  of  animation 
and  the  energies  of  mind.  What  a  gloomy 
and  horrible  picture  would  such  a  scene  pre- 
sent of  the  frame  of  universal  nature,  and 
what  a  veil  of  darkness  and  mystery  would  it 
throw  over  the  perfections  of  the  Eternal ! 
for  it  is  the  scenes  connected  with  life,  anima- 
tion, mental  activity,  and  moral  sentiment, 
glowing  affection,  social  intercourse,  and  the 
mutual  sympathies  of  intellectual  beings,  that 
can  alone  inspire  the  soul  with  rapturous 
emotions,  throw  a  charm  over  any  part  of 
creation,  and  exhibit  the  Almighty  Creator  as 
amiable  and  adorable.  It  is  chiefly  from  the 
relation  in  which  the  material  world  stands 
to  sensitive  and  intellectual  existence  that  its 
beauty  and  order  are  recognized  and  admired 
by  contemplative  minds,  and  that  the  wisdom 
nnd  beneficence  of  the  Deity  are  traced  in  all 
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their  minute  and  multifarious  bearings.  In 
our  world,  as  it  now  stands,  the  arrangement 
of  mountains  and  vales,  the  various  properties 
of  the  watery  element,  and  its  transmutation 
into  vapours,  clouds,  and  dew,  the  admirable 
mechanism  of  the  atmosphere,  the  fertility  of 
the  earth,  and  the  beautiful  colouring  which 
is  spread  over  the  face  of  nature, — which  are 
productive  of  so  many  beneficial  effects,  and 
so  evidently  display  the  wisdom  of  Deity, — 
would  all  appear  as  so  many  means  without 
an  end,  as  contrivances  without  "use,  if  the 
earth  were  destitute  of  inhabitants.  And  if 
all  the  other  departments  of  creation  were 
likewise  devoid  of  animation  and  intelligence, 
scarcely  a  trace  would  be  left  throughout 
boundless  space  of  the  wisdom  and  benevo- 
lence of  the  Eternal  Mind. 

2.  In  the  next  place,  such  a  position  as 
that  which  I  am  now  opposing  would  be  in- 
consistent with  that  principle  of  variety  which 
appears  so  conspicuous  throughout  the  whole 
range  of  the  Divine  operations,  and  with  that 
progressive  expansion  of  intellectual  views 
which  appears  necessary  to  the  perpetual  en- 
joyment of  immortal  beings. 

In  order  to  permanent  enjoyment  it  is  ne- 
cessary, from  the  very  constitution  of  the 
mind,  that  one  scene  of  happiness  should 
succeed  another, — that  the  soul  should  look 
forward  to  the  future,  to  something  new  or 
more  grand  and  expansive  that  it  has  yet  be- 
held or  enjoyed.  It  can  never  rest  in  pre- 
sent objects  and  attainments,  but  is  always  on 
the  wing  for  something  higher  and  more  ex- 
quisite than  it  has  yet  grasped  or  enjoyed. 
What  is  the  reason,  in  most  cases,  why  im- 
prisonment produces  so  doleful  an  effect  upon 
the  mind,  but  because  its  views  and  its  actions 
are  confined  to  a  narrow  circle  1  And  if  in 
such  a  situation  newspapers,  books,  paper, 
pens  and  ink,  be  withheld,  so  as  still  further 
to  circumscribe  the  mental  view,  its  want  of 
enjoyment  and  its  misery  are  still  more  in- 
creased. Why  would  a  literary  man  feel 
unhappiness  had  he  no  access  to  books,  jour- 
nals, and  the  periodicals  of  the  day,  nor  any 
other  means  of  information  respecting  passing 
events,  but  because  he  would  thus  be  confined 
to  his  present  range  of  view,  and  prevented 
from  enlarging  it1?  And  why  should  the  man 
who  devours  the  periodical  journal  to-day  feel 
as  craving  desires  to-morrow  to  peruse  similar 
records  of  intelligence,  to  mark  the  progress 
of  passing  events,  but  from  the  same  vehement 
desire  to  expand  his  present  intellectual 
views  1  Were  such  desires  to  remain  ungra- 
tified,  and  the  prospect  of  further  information 
entirely  shut  up,  a  certain  degree  of  misery 
would  necessarily  be  felt  by  every  rational 
mind.  In  another  world,  something  similar 
would  happen  in  the  case  of  all  intellectual 
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beings,  wera  no  new  scenes  and  prospects 
ever  unfolded  to  view. 

Divines  have  generally  admitted  that  the 
eternal  world,  in  the  case  of  the  righteous, 
will  be  a  state  of  perpetual  and  uninterrupted 
enjoyment.  Such  enjoyment,  however,  could 
never  be  realized,  unless  new  scenes  and  ob- 
jects, worthy  of  the  admiration  of  exalted  in- 
telligences, were  progressively  displayed.  But 
the  contemplation  of  rude  masses  of  matter, 
however  vast  in  point  of  size  and  extent,  and 
however  magnificent  in  point  of  splendour, 
were  they  entirely  unconnected  with  mind 
and  moral  action,  would  produce  no  high  de- 
gree of  enjoyment  to  beings  possessed  of 
capacious  powers  of  intellect ;  for  in  such  ob- 
jects they  could  trace  no  evidences  of  skill  or 
design,  nor  would  they  perceive  any  over- 
flowings of  Divine  goodness  to  inspire  them 
with  gratitude  and  praise.  We  are  warranted 
from  Revelation  to  expect  that  in  the  future 
world  the  knowledge  of  good  men  will  be  in- 
definitely increased,  in  respect  to  their  more 
enlarged  conceptions  of  the  Divine  Being,  and 
of  his  works  and  ways;  that,  among  other 
subjects,  they  shall  become  more  acquainted 
with  the  distant  regions  of  creation,  the  desti- 
nation of  those  great  globes  whi$h  we  now 
behold  at  an  impassable  distance,  the  history 
of  their  inhabitants,  the  various  stages  of  im- 
provement through  which  they  have  passed, 
the  most  remarkable  events  which  have  hap- 
pened among  them  since  their  creation,  the 
relations  which  the  different  worlds  bear  to 
each  other,  the  various  orders  of  intellectual 
beings  and  their  distinctive  characteristics 
and  endowments*  with  many  other  particulars 
which  would  afford  an  ample  field  of  investi- 
gation and  contemplation  which  could  scarcely 
ever  be  exhausted,  and  a  source  of  progressive 
and  permanent  delight.  But  all  such  pros- 
pects of  knowledge  and  enjoyment  would  be 
for  ever  shut  out,  were  the  universe  a  collec- 
tion of  mere  matter  unconnected  with  mind 
or  intelligence,  and  the  distant  view  of  an 
immortal  existence  would  present  little  else 
than  a  scene  of  monotony  or  a  boundless 
blank. 

In  the  future  world,  although  the  circum- 
stances in  which  the  mind  will  exist  will  be 
different  from  its  present  local  associations, 
yet  its  faculties,  desires,  and  affections,  will 
not  be  essentially  changed.  It  will  continue 
the  same  identical  being,  only  transported  to 
another  region,  and  connected  with  other  ob- 
jects and  associations.  It  will  have  the  same 
or  similar  aspirations  after  happiness,  the  same 
desires  after  new  objects  and  discoveries,  and 
the  expansion  of  its  intellectual  views,  and 
the  same  delight  in  beholding  one  scene  of 
creating  grandeur  after  another  unfolding 
itself  to  view,  as  it  feels,  in  a  certain  degree, 


in  the  present  state.  Such  desires  after  pro- 
gressive  improvement  in  knowledge  and  hap- 
piness are  implanted  by  the  Creator,  and  form 
an  essential  part  of  the  constitution  of  the 
human  soul,  and  therefore  can  never  be  eradi- 
cated so  long  as  it  is  sustained  in  existence. 
But  it  is  evident,  from  what  has  been  already 
stated,  that  such  desires  could  never  be  grati- 
fied, and  that  its  expectations  of  higher  de- 
grees of  intellectual  expansion  and  enjoyment 
would  be  frustrated,  were  the  scene  of  Omni- 
potence nothing  more  than  an  indefinite  ex- 
tension of  matter  without  life  or  intelligence ; 
for  in  such  a  case  there  would  be  little  scope 
for  the  exercise  and  expansion  of  its  powers 
throughout  an  immortal  existence. 

3.  The  supposition  that  matter  throughout 
the  universe  is  not  connected  with  mind 
would  present  a  distorted  view  of  the  charac- 
ter of  the  Almighty,  and  throw  a  veil  over 
the  most  glorious  perfections  of  his  nature. 
It  would  virtually  deprive  the  Creator  of  the 
attribute  of  wisdom /  since  no  display  of  it 
would  be  perceived  in  the  most  magnificent 
works  of  his  hands.  It  would,  in  effect,  rob 
him  of  his  goodness  ,•  since,  throughout  the 
mightiest  and  most  extensive  portion  of  his 
works,  no  enjoyment  is  communicated  to 
beings  endowed  with  either  sensitive  or  ra- 
tional natures,  which  are  alone  capable  of 
being  recipients  of  his  bounty ;  consequently, 
no  tribute  of  gratitude  and  thanksgiving 
would  be  offered,  and  no  praises  or  adorations 
would  ascend  to  the  throne  of  the  "  King 
eternal,  immortal,  and  invisible,"  from  the 
greatest  portion  of  his  boundless  dominions. 
It  would  prevent  us  from  beholding  any  ex- 
tensive display  of  the  rectitude  of  his  charac- 
ter and  the  equity  of  his  government  in  the 
moral  administration  of  the  universe.  Now, 
wisdom,  goodness,  and  rectitude,  can  only  be 
exercised  in  reference  to  intelligent  natures, 
and  cannot  possibly  be  displayed  where  such 
beings  have  no  existence. 

The  denial  therefore  of  the  position,  that 
the  great  universe  is  peopled  with  inhabitants, 
would  lead  us  to  contemplate  a  Being  whose 
power  has  brought  into  existence  a  magnifi- 
cent assemblage  of  means  without  an  end ; 
who  has  prepared  glorious  habitations  fitted 
for  the  enjoyment  of  rational  natures,  but  has 
never  peopled  them ;  who  is  the  alone  source 
of  happiness,  and  yet  refuses  to  communicate 
of  his  goodness  where  there  is  full  scope  for 
its  exercise ;  and  who  is  the  Supreme  Law- 
giver and  the  spring  cf  moral  order,  and  yet 
affords  no  display  of  his  moral  attributes 
throughout  the  immensity  of  his  works :  for 
this  earth,  and  all  the  be'ings  that  have  ever 
been  connected  with  it,  are  but  as  a  drop  to 
the  ocean  compared  with  the  immensity  of 
the  material  universe.  Can  it  therefore  be  a 
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theatre  of  sufficient  expansion  for  the  display 
of  the  character  and  attributes  of  that  being 
who  has  existed  from  eternity  past,  and  will 
exist  to  eternity  to  come,  and  whose  presence 
fills  the  amplitudes  of  boundless  space  ] 

If,  then,  such  absurd  consequences  neces- 
sarily follow  from  mairttaining  the  position, 
that  there  is  no  plurality  of  worlds,  that  posi- 
tion cannot  possibly  be  true.  It  undermines 
truths  of  the  first  importance,  which  lie  at  the 
foundation  of  all  consistent  views  of  the  cha- 
racter of  the  Deity,  and  which  are  acknow- 
ledged to  be  such  by  all  rational  theists  and 
Christian  divines.  And,  since  what  is  di- 
rectly opposed  to  truth  must  be  error,  and 
vice  versa,  it  follows  that  the  doctrine  we  are 
supporting  must  be  considered  as  susceptible 
of  moral  demonstration  ;  for  it  may  be  laid 
down  as  an  axiom,  that  it  is  essential  to  the 
character  of  Deity  that  he  act  consistently  in 
all  parts  of  his  dominions,  that  he  display  in 
every  instance  all  his  perfections  in  harmony, 
and  that  wherever  his  omnipotence  has  been 
exerted,  there  likewise  he  must  display  his 
wisdom,  benevolence,  and  rectitude.  What- 
ever opinion  therefore  directly  tends  to  under- 
mine or  oppose  such  views  of  the  Divine 
character  and  perfections  must  be  absolutely 
untenable,  and  the  opposite  opinion  must  be 
indisputably  true. 

In  my  work  on  "  Celestial  Scenery"  I  en- 
tered on  the  consideration  of  several  argu- 
ments which  tend  to  prove  the  doctrine  of  a 
plurality  of  worlds,  and  that  the  planets  of 
the  solar  system  in  particular  are  the  abodes 
of  intellectual  beings.  This  position  was 
illustrated  at  some  length  from  the  following 
considerations :  that  there  are  bodies  in  the 
planetary  system  of  such  magnitudes  as  to 
afford  ample  scope  for  myriads  of  inhabitants; 
that  there  is  a  general  similarity  among 
all  the  bodies  of  the  system,  which  affords  a 
presumptive  evidence  that  they  are  intended 
io  subserve  the  same  ultimate  designs ;  that, 
connected  with  the  planets,  there  are  certain 
special  arrangements  which  indicate  their 
adaptation  to  the  enjoyment  of  sensitive  and 
intellectual  beings ;  that  the  scenery  of  the 
heavens,  as  viewed  from  the  surfaces  of  the 
larger  planets  and  their  satellites,  forms  a 
presumptive  proof  of  the  same  position ;  and 
that  the  fact  that  every  part  of  nature  in  our 
world  is  destined  to  the  support  of  animated 
beings,  affords  a  powerful  argument  in  sup- 


port of  this  doctrine.  These  arguments  and 
considerations,  when  viewed  in  all  their  bear- 
ings, and  in  connexion  with  the  wisdom  and 
goodness  of  the  Divine  Being,  might  be  con- 
sidered, without  any  further  discussions,  as 
quite  sufficient  to  substantiate  the  position, 
that  the  planets  and  satellites  of  our  system, 
as  well  as  other  departments  of  the  universe, 
are  the  abodes  of  sensitive  and  intelligent 
beings. 

In  the  preceding  pages  I  have  offered  a 
few  additional  considerations  bearing  on  the 
same  point,  which  I  trust  will  tend  to  corro- 
borate the  arguments  and  reasoning  formerly 
adduced.  I  have  shown  that  the  doctrine  of 
a  plurality  of  worlds  is  more  worthy  of  the 
perfections  of  the  infinite  Creator,  and  gives 
us  a  more  magnificent  idea  of  his  character 
and  works,  than  to  suppose  his  benevolent 
regards  confined  to  our  comparatively  diminu- 
tive world ;  that  it  is  more  accordant  with  the 
infinity  and  eternity  of  the  Divine  Being,  and 
with  his  wisdom  and  benevolence  than  the 
opposite  position ;  that  wherever  any  one 
perfection  of  Deity  is  exerted,  there  also  all 
his  attributes  are  in  operation;  and  conse- 
quently, wherever  Omnipotence  is  seen  to 
operate,  there  likewise,  wisdom,  benevolence, 
rectitude,  and  every  other  Divine  perfection, 
must  be  displayed,  and  can  only  be  displayed 
in  reference  to  intelligent  beings ;  that  there 
is  an  absurdity  involved  in  the  contrary 
supposition ;  that  this  supposition  would 
represent  the  universe  as  an  immense  desart, 
unworthy  of  the  contemplation  of  intelligent 
minds ;  that  it  would  prevent  the  progressive 
expansion  of  intellectual  views  in  a  future 
state,  and  present  a  distorted  view  of  the 
character  and  attributes  of  the  Almighty 
Creator.  All  these  arguments  and  considera- 
tions, when  viewed  in  a  proper  light,  tend  to 
yield  a  mutual  support  to  each  other,  they 
hang  together  in  perfect  harmony,  and  they 
are  in  full  consistency  with  the  most  amiable 
and  sublime  conceptions  we  can  form  of  the 
Divinity ;  and  therefore  ought  to  carry  irresist- 
ible conviction  to  the  mind  of  every  unbiassed 
and  intelligent  inquirer.  To  my  own  mind, 
they  amount  to  a  moral  demonstration  /  so 
that  I  am  as  fully  convinced  of  the  truth  of 
the  position  we  have  been  maintaining,  as  if 
I  were  transported  to  the  regions  of  distant 
worlds,  and  permitted  to  mingle  in  association 
with  their  inhabitants. 


CHAPTER  XVII. 

A  Plurality  of  Worlds  proved  from  Divine  Revelation. 

IT  is  somewhat  difficult  to  persuade  the    habitable   worlds   besides   our   own,    or  that 
greater  part  of  mankind  that  there  are  any    rational  beings,  somewhat  analogous  to  man, 
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may  inhabit  the  planets  of  our  own  or  of 
other  systems.  Even  the  greater  part  of 
Christians,  and  some  who  are  possessed  of  a 
considerable  degree  of  intelligence,  can 
scarcely  be  persuaded  that  there  are  more 
worlds  than  one,  or  that  the  Divine  govern- 
ment extends  beyond  the  Christian  church 
and  the  nations  of  the  earth ;  and  they  at- 
tempt to  vindicate  their  opinion  by  asserting, 
that  the  Scriptures  never  make  the  least  al- 
lusion to  any  world  except  that  in  which  we 
dwell.  Although  this  were  in  reality  the 
case,  it  would  form  no  argument  against  the 
doctrine  of  a  plurality  of  worlds ;  for  the  reve- 
lations contained  in  the  Scriptures  are  chiefly 
of  a  moral  nature,  their  great  object  being  to 
counteract  the  depravity  of  man,  and  to  afford 
information  respecting  the  plans,  and  perfec- 
tions, and  moral  government  of  the  Divine 
Being,  which  the  unassisted  light  of  nature 
was  unable  to  explore.  They  were  not  in- 
tended to  teach  us  the  principles  of  physical 
science,  or  the  particular  knowledge  of  any 
other  subject  which  the  human  faculties  were 
of  themselves  adequate  to  acquire ;  but  to  di- 
rect us,  in  all  our  surveys  of  the  works  of 
God,  to  look  upward  to  him  as  the  Supreme 
Agent,  to  trace  his  attributes  in  all  his  opera- 
tions, and  to  offer  him  a  tribute  of  grateful 
adoration.  The  Scriptures,  therefore,  would 
be  fully  sufficient  to  answer  all  the  purposes 
of  a  revelation  to  man,  although  they  made 
no  allusion  to  other  worlds,  or  to  other  in- 
telligences within  the  range  of  the  Divine 
government. 

Since  the  system  of  nature,  the  system  of 
revelation,  and  the  rational  faculties  of  man, 
had  their  origin  from  the  same  Almighty  Be- 
ing, we  should  naturally  expect  that  they 
should  perfectly  harmonize  in  their  grand 
lineaments,  and  in  the  truths  they  are  cal- 
culated respectively  to  unfold ;  or,  at  least, 
that  there  should  be  no  glaring  contradiction 
between  the  intimations  given  by  the  one  and 
by  the  other.  If  the  investigations  of  reason  in 
regard  to  the  material  universe  necessarily 
lead  to  the  conclusion  that  numerous  worlds 
exist  throughout  immensity,  and  if  the  Scrip- 
tures contain  a  communication  from  God,  we 
should  never  expect  to  find  in  that  revelation 
any  proposition  asserting  that  there  is  only 
one  world  and  one  race  of  intelligent  beings 
in  the  universe,  and  it  is  needless  to  say  that 
no  such  proposition  is  to  be  found  in  the 
Bible.  On  the  contrary,  though  the  Scriptures 
never  directly  or  explicitly  treat  of  this  sub- 
ject, the  doctrine  of  a  plurality  of  worlds  is 
embodied  in  many  passages  of  the  sacred 
writings ,-  and  the  language  of  the  inspired 
penman  is  in  all  cases  perfectly  consistent 
with  the  idea  of  myriads  of  worlds  existing 
throughout  the  universe.  To  illustrate  this 


position,  in  a  few  instances,  is  the  object  of 
this  chapter ;  and  as  the  passages  of  Scripture 
in  which  this  sentiment  is  embodied  are 
more  numerous  ftan  is  generally  apprehended, 
I  shall  select  only  a  few  of  them  as  the  sub- 
ject of  comment  and  illustration. 

The  first  passage  on  which  I  shall  offer  a 
few  remarks  is  Psalm  viii.  3,  4,  "  When  I 
consider  thy  heavens,  the  work  of  thy  fingers, 
the  moon  and  the  stars,  which  thou  hast  or- 
dained ;  what  is  man,  that  thou  art  mindful 
of  him !  or  the  son  of  man,  that  thou  visitest 
him  !" 

When  composing  this  hymn  of  praise  to 
God,  the  Psalmist  evidently  appears  to  have 
been  contemplating,  with  intelligence  and 
pious  emotion,  the  glories  of  the  nocturnal 
sky — the  moon  walking  in  brightness  along 
the  canopy  of  heaven,  and  the  stars  and 
planets  diffusing  their  lustre  from  more  dis- 
tant regions.  Viewing  those  resplendent 
orbs,  his  thoughts  seem  to  have  taken  a  flight 
into  the  regions  of  immensity,  and  by  the 
guidance  of  his  rational  powers,  and  aided  by 
the  spirit  of  inspiration,  he  takes  an  expan- 
sive view  of  the  multitude,  the  magnitude, 
and  the  grandeur  of  those  magnificent  orbs 
which  roll  in  the  distant  tracks  of  creation. 
Overwhelmed  with  his  views  of  the  immensity 
of  the  universe,  and  of  the  perfections  and 
grandeur  of  its  Creator,  he  breaks  out  into 
this  striking  exclamation,  "  Lord  !  what  is 
man,  that  thou  art  mindful  of  him !  or  the 
son  of  man,  that  thou  visitest  him  !"  Survey- 
ing with  his  intellectual  eye  the  boundless 
extent  of  God's  universal  empire,  he  shrinks, 
as  it  were,  into  nothing,  and  seems  almost 
afraid  lest  he  should  be  forgotten  or  over- 
looked amidst  the  immensity  of  beings  ovei 
which  the  Divine  government  extends.  Now, 
there  could  be  no  emphasis  or  propriety  in 
this  exclamation,  if  the  inhabitants  of  this 
globe  were  the  only  rational  beings  that 
peopled  the  material  universe ;  for,  if  man  is 
the  principal  inhabitant  of  creation,  it  could 
be  no  matter  of  wonder  and  astonishment 
that  God  should  be  "  mindful  of  him,"  and 
exercise  towards  him  a  special  regard  and 
superintending  care.  Such  a  minute  attention 
and  affectionate  regard  is  nothing  more  than 
what  we  should  have  naturally  expected. 
But,  if  the  immensity  of  space  be  diversified 
with  ten  thousand  times  ten  thousand  worlds, 
replenished  with  rational  inhabitants,  as 
science  and  right  reason  demonstrate ;  if  the 
race  of  Adam  appear  no  more  in  proportion 
to  the  beings  that  people  the  amplitudes  of 
creation  than  as  a  drop  to  the  ocean,  then 
the  Divine  condescension  appears  truly  won- 
derful and  astonishing,  —  that,  from  the 
heights  of  his  glory  in  the  heavens,  the  Most 
High  should  look  down  with  an  eye  of  com- 
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placency  on  the  puny  inhabitants  of  earth, 
and  regard  them  with  a  Father's  attention 
and  care.  This  is  evidently  the  leading  idea 
which  the  pious  exclamation  of  the  Psalmist 
is  intended  to  convey ;  and  therefore,  if  this 
globe  were  the  only  or  the  principal  abode 
of  rational  beings,  such  language  would  be 
mere  hyperbole,  or  something  approaching  to 
bombast,  which  would  be  inconsistent  with 
the  veracity  and  solemnity  of  an  inspired 
writer. 

It  appears,  then,  that  the  passage  under 
consideration  is  not  only  consistent  with  the 
doctrine  of  a  plurality  of  worlds,  but  neces- 
sarily embodies  in  it  the  idea  of  the  Divine 
empire  being  indefinitely  extended,  and  com- 
prising within  its  range  numerous  orders  of 
exalted  intelligences.  It  likewise  teaches  us, 
that  while  the  Almighty  has  diversified  the 
fields  of  immensity  with  innumerable  worlds  ; 
that  while  he  sits  enthroned  on  the  magnifi- 
cence of  his  works  in  the  distant  regions  of 
his  creation,  and  governs  the  affairs  of  un- 
numbered orders  of  intellectual  existence,  he 
also  exercises  the  minutest  superintendence 
over  every  world  he  has  created,  however  di- 
minutive in  comparison  of  the  whole.  His  eye 
rests  on  the  humblest  and  the  minutest  of  its 
objects,  and  his  Spirit  watches  over  it  as  vigi- 
lantly as  if  it  formed  the  sole  object  of  his  physi- 
cal and  moral  administration ;  so  that  neither 
man  nor  the  smallest  microscopic  animalcules 
are  overlooked  amidst  the  multifarious  objects 
of  the  Divine  government.  This  is  an  attri- 
bute peculiar  to  the  Most  High,  which  flows 
from  the  immensity  of  his  nature  and  the 
boundless  knowledge  he  has  of  all  his  works, 
and  which  gives  us  a  more  glorious  and  sub- 
lime idea  of  his  character  than  if  his  regards 
were  confined  to  one  department  of  his  em- 
pire, or  to  one  order  of  his  creatures ;  and  in 
nothing  is  the  Divine  Being  so  immensely 
separated  from  man,  or  from  any  other  rank 
of  intelligent  existence,  as  in  the  display  he 
gives  of  this  wonderful  and  incommunicable 
attribute.  By  overlooking  this  peculiar  cha- 
racteristic of  the  Divinity,  and  attempting  to 
compare  his  procedure  with  the  limited  con- 
ceptions of  our  own  minds,  we  are  apt  to  in- 
dulge in  very  contracted  and  erroneous  views 
respecting  his  nature  and  universal  govern- 
ment, as  well  as  in  regard  to  the  revelations 
of  his  word  and  the  dispensations  of  his 
providence. 

The  next  passage  I  shall  notice  is  Isaiah 
xl.  15,  17.  "Behold,  the  nations  are  as  a 
drop  of  a  bucket,  and  are  counted  as  the 
small  dust  of  the  balance."  "All  nations 
before  HIM  are  as  nothing,  and  they  are 
counted  to  him  less  than  nothing  and  vanity." 

In  the  chapter  from  which  these  words  are 
Vien,  the  prophet  announces  deliverance  from 
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the  captivity  of  Babylon,  and  the  approach  of 
that  period  when  "  the  glory  of  Jehovah  shall 
be  revealed,  and  when  all  flesh  shall  see  it 
together." — In  order  to  obviate  every  difficulty 
that  might  seem  to  stand  in  the  way  of  the 
accomplishment  of  such  a  glorious  event,  the 
prophet  describes,  in  the  most  sublime 
language,  the  perfections  and  character  of 
him  by  whose  agency  this  astonishing  change 
in  the  world  was  to  be  introduced.  He  is 
declared  to  be  that  Almighty  Being  "who 
measures  the  ocean  in  the  hollow  of  his  hand, 
who  meteth  out  the  heavens  with  the  span, 
who  comprehendeth  the  dust  of  the  earth  in 
a  measure,  and  weigheth  the  mountains  in 
scales,  and  the  hills  in  a  balance."  The  pro- 
phet likewise  denounces  the  folly  and  wicked- 
ness of  idolatry,  by  exhibiting  the  character 
and  operations  of  him  whom  no  material 
images,  however  splendid,  can  ever  represent 
or  adumbrate.  "  He  sitteth  on  the  circle  of 
the  sky  which  surrounds  the  earth,  and  the 
inhabitants  thereof  are  as  grasshoppers;  he 
stretcheth  out  the  heavens  as  a  curtain ;  he 
bringeth  forth  their  host  by  number ;  he  calleth 
them  all  by  their  names,  by  the  greatness  of 
his  might ;  for  that  he  is  strong  in  power,  and 
there  is  no  searching  of  his  understanding." 
Among  these  sublime  descriptions  are  con- 
tained the  passages  I  have  quoted, — "  Behold, 
the  nations  are  as  the  drop  of  a  bucket." 
"  All  nations  before  him  are  as  nothing,"  &c. 
Such  declarations  could  scarcely  be  made 
with  propriety,  if  all  the  rolling  orbs  of  hea- 
ven were  destitute  of  inhabitants ;  for  then  it 
would  not  be  true  that  "  all  nations  are  as 
the  small  dust  of  the  balance,"  and  that  they 
are  "  counted  to  Jehovah  as  less  than  nothing 
and  vanity."  They  who  deny  the  doctrine 
of  a  plurality  of  worlds  assume  the  position, 
"  that  man  holds  the  principal  station  in  the 
material  universe ;"  but  were  this  the  case, 
then  the  nations  of  the  earth,  and  "  their 
multitude  and  glory,"  behoved  to  be  con- 
sidered as  the  greater  portion,  or  as  one  of 
the  greater  departments  of  the  Divine  em- 
pire ;  and  if  so,  it  would  be  approaching  to 
extravagance  and  bombast  for  any  one  to  de- 
clare that  they  are  only  like  a  drop  campared 
with  the  ocean,  like  a  few  particles  of  dust 
compared  with  a  mighty  island,  or,  in  com- 
parison with  other  departments,  that  "  they 
are  as  nothing,  and  less  than  nothing  and 
vanity." 

We  are  here  to  consider  the  comparisons 
and  contrasts  drawn  in  those  passages  as  re- 
ferring, not  to  Jehovah,  abstractedly  con- 
sidered, but  to  the  manifestations  he  has 
given  of  his  power,  wisdom,  and  grandeur,  in 
the  scenes  of  the  universe.  Hence  we  are 
directed  in  the  chap'er  from  which  our  quota- 
tions are  taken,  to  "  lift  up  our  eyes  on  high," 
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and  contemplate  .  "  the  firmament  of  his 
power ;"  to  "  behold  the  hosts"  of  re- 
splendent globes  which  he  has  dispersed 
throughout  the  regions  of  space  "  by  the 
reatriess  of  his  strength,"  and  to  consider 
that  the  vast  extent  of  the  celestial  spaces 
have  been  "  meted  out  with  a  span."  When 
the  inspired  writers  demand  from  their  hearers 
a  sentiment  of  reverence  and  admiration,  they 
do  not  present  to  them  metaphysical  reason- 
ings or  abstract  views  in  reference  to  the 
perfections  of  Jehovah,  but  describe  those 
exhibitions  of  his  power  and  grandeur  which 
are  calculated  to  strike  the  senses  and  imagi- 
nation, and  to  excite  the  emotion  intended. 
Thus,  when  the  prophet  Jeremiah  wished  to 
impress  his  hearers  with  a  reverential  sense 
of  the  greatness  of  God,  he  describes  him  by 
the  effects  of  his  power  and  wisdom  as  dis- 
played in  his  operations.  ft  Who  would  not 
fear  thee,  O  King  of  nations !  He  hath  made 
the  earth  by  his  power,  he  hath  established 
the  world  by  his  wisdom,  and  hath  stretched 
out  the  heavens  by  his  discretion.  When  he 
uttereth  his  voice,  there  is  a  noise  of  waters 
in  the  heavens,  and  he  causeth  the  vapours 
to  ascend  from  the  ends  of  the  earth;  he 
maketh  lightnings  with  rain,  and  bringeth  the 
wind  out  of  his  treasures." 

In  like  manner,  in  the  passages  under  con- 
sideration, we  are  to  consider  the  contrast 
here  stated  as  drawn,  not  between  all  nations 
and  Jehovah  as  an  abstract  Being,  whose 
perfections  are  infinite ;  for  in  this  respect  no 
comparison  can  be  made,  but  as  drawn  be- 
tween this  earth  with  all  its  inhabitants,  and 
the  innumerable  globes  which  are  scattered 
throughout  the  regions  of  immensity.  And 
the  most  enlightened  astronomer,  after  his 
boldest  excursions  into  the  illimitable  tracks 
of  creation,  could  devise  no  language  to  ex- 
press his  emotions,  and  the  contrast  that  sub- 
sists between  this  globe  and  the  immensity 
of  the  heavens,  more  appropriate  and  ener- 
getic than  the  passage  before  us.  This  world, 
with  "  all  that  it  inherits,"  is  here  represented 
as  a  single  drop  of  water  to  the  mighty  ocean, 
or  as  a  few  particles  of  dust  to  the  most  spa- 
cious continents,  when  compared  with  the 
grandeur  and  immensity  of  nature ;  yea,  to 
complete  the  contrast,  it  is  "  counted  as  no- 
thing, and  less  than  nothing  and  vanity." 
When  we  survey  the  vast  globes  which  com- 
pose the  planetary  system  ;  when  we  wing 
our  flight  in  imagination  to  the  starry  regions, 
and  leave  the  sun  and  all  his  attendants  be- 
hind us,  till  they  dwindle  to  an  undistinguish- 
able  point;  when  we  prosecute  our  course 
through  thousands  of  nebulae,  every  one  of 
them  containing  unnumbered  suns  and  sys- 
tems; and  when  the  mind  is  bewildered  and 
overpowered  at  the  immensity  of  the  prospect, 


we  cannot  but  perceive  that  the  language  of 
the  prophet  is  the  most  impressive,  and  the 
fittest  that  could  have  been  selected  ;  that  it  is 
most  emphatic,  and  literally  true.  But  if  thia 
earth  were  the  principal  part  of  God's  uni- 
verse, there  could  be  nc  propriety  in  such 
language,  and  it  could  be  considered  as  allied 
only  to  extravagance  and  pompous  declama- 
tion— a  characteristic  which  ought  never  to 
be  applied  to  the  writers  of  the  sacred  records. 

We  ought  likewise  to  consider  that  the 
contrast  is  not  stated  between  the  earth  con- 
sidered merely  as  a  material  system,  and  the 
amplitudes  of  the  firmament,  but  between  the 
nations  of  the  earth  and  the  innumerable 
order  of  beings  which  people  the  universe 
plainly  implying,  in  my  apprehension,  that 
unnumbered  myriads  of  intelligences  occupy 
the  celestial  worlds,  in  comparison  of  which 
all  who  now  dwell  upon  the  earth,  or  who 
have  occupied  its  surface  since  time  began, 
are  only  as  a  drop  to  the  ocean.  The  passage 
before  us  may  therefore  be  considered  as 
almost  a  direct  intimation  of  a  plurality  of 
worlds ;  and,  if  it  could  be  proved  that  no 
other  worlds  existed,  I  should  scarcely  consider 
the  strong  language  here  used  as  the  dictate 
of  inspiration ;  but  when  we  consider  what 
appear  to  be  the  true  references  of  the  pro- 
phet's language,  and  the  magnificent  ideas  it 
suggests,  it  conveys  the  most  glorious  and 
sublime  conceptions  of  the  grandeur  of  "  the 
high  and  lofty  One  who  inhabiteth  eternity," 
and  whose  presence  fills  the  immensity  of 
creation. 

The  next  passage  I  shall  adduce  in  sup- 
port of  the  position  under  consideration,  is 
Nchemiah,  ix.  6 :  "  Thou,  even  thou,  art 
Lord  alone;  thou  hast  made  heaven,  the 
HEAVEN  OF  HEAVENS,  with  all  their  host,  the 
earth,  and  all  things  that  are  therein,  the  seas, 
and  all  that  is  therein,  and  thou  preservest 
them  all;  and  the  HOST  OF  HEAVED  worship- 
peth  thee." 

Here  the  Most  High  is  represented,  not  by 
a  metaphysical  exhibition  of  his  infinity,  eter- 
nity, and  omnipotence,  abstractedly  considered, 
but  by  the  manifestations  he  has  made  of 
himself  in  his  wonderful  operations,  both  in 
heaven  and  on  earth ;  and  this  is  the  general, 
I  may  say  universal,  mode  in  which  the 
sacred  writers  exhibit  the  character  and  per- 
fections of  the  Deity.  "Thou  hast  made 
heaven,  the  heaven  of  heavens,  with  all  their 
hosts."  By  "  heaven"  is  here  to  be  under- 
stood the  visible  firmament,  with  all  the  stars 
and  planets  perceptible  by  the  human  eye, 
which  is  the  sense  in  which  the  term  heaven 
is  generally  taken  'when  God  is  represented 
as  its  Creator.  The  "  heaven  of  heavens"  is 
an  expression  which  is  worthy  of  particular 
attention,  and  evidently  includes  in  it  an  idea 
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far  more  extensive  and  sublime  than  what 
most  readers  generally  attach  to  it.  It  evi- 
dently intimates  that,  far  beyond  the  visible 
starry  heavens  which  we  behold,  there  are 
unnumbered  firmaments,  composed  of  other 
stars  and  systems  stretching  out  towards  in- 
finity on  either  hand,  and  which  mortals  in 
their  present  state  will  never  be  able  to  de- 
scry. We  have  already  attained  some  glimpses 
of  such  firmaments.  More  than  a  hundred 
millions  of  stars,  in  addition  to  those  distin- 
guishable by  the  naked  eye,  are  within  the 
;  reach  of  the  telescope,  if  all  the  regions  of  the 
sky  were  by  this  instrument  thoroughly  ex- 
plored. We  behold  several  hundreds,  and 
even  thousands,  of  nebulae  in  different  spaces 
of  the  heavens,  each  of  them  consisting  of 
thousands  of  stars,  which  would  form  a  firma- 
ment as  glorious  and  expansive  as  that  which 
appears  to  a  common  observer  in  the  midnight 
sky ;  so  that  were  we  removed  from  one  of 
those  nebulae  to  another,  we  should  behold  at 
every  stage  a  new  firmament,  composed  of 
stars  or  other  luminaries  altogether  different 
from  what  we  ha'd  seen  before,  or  from  what 
we  perceive  in  the  firmament  which  is  visible 
from  our  globe.  These  facts,  which  have 
been  brought  to  light  by  the  discoveries  of 
modern  astronomy,  while  they  display  the  in- 
finite power  and  grandeur  of  the  Divinity, 
serve  likewise  to  illustrate  many  of  the  decla- 
rations of  his  word,  and  particulary  such*  ex- 
pressions as  that  before  us, — "  the  heaven  of 
heavens,"  the  boundless  empire  of  the  "  King 
eternal  and  invisible,"  in  which  he  reigns 
over  unnumbered  intelligences.  The  same 
emphatical  expression  is  used  in  the  prayer 
of  Solomon  at  the  dedication  of  the  temple : 
"  But  will  God  in  very  deed  dwell  on  earth  "? 
Behold,  the  heaven  and  heaven  of  heavens 
cannot  contain  thee!"  implying  that  far  be- 
yond the  range  of  the  material  universe,  vast 
and  extensive  as  it  is,  the  great  Jehovah  re- 
sides in  the  glory  of«  his  invisible  attributes, 
filling  immensity  with  his  presence. 

By  "  the  host  of  heaven"  is  doubtless  to  be 
understood  the  inhabitants  of  those  numerous 
worlds  and  vast  regions  here  designated  by 
the  most  emphatic  expression  which  could  be 
selected, "  the  heaven  of  heavens ;"  intimating 
that  the  same  Almighty  Being  who  launched 
into  existence  those  innumerable  globes  also 
replenished  them  with  countless  orders  of  in- 
telligent existence,  capable  of  enjoying  his 
bounty,  and  offering  to  him  a  tribute  of  adora- 
tion. Hence  it  is  here  declared, "  the  host  of 
heaven  warshippeth  thee ;"  evidently  imply- 
ing, if  there  is  any  rational  idea  to  be  elicited 
from  the  passage,  that  the  bodies  which  com- 
pose "  the  heaven  of  heavens"  are  occupied 
with  inhabitants ;  that  these  inhabitants  are 
endowed  with  capacious  powers  of  intellect ; 
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that  their  numbers  correspond  with  the  am- 
plitude of  the  regions  which  they  occupy; 
that  most,  if  not  all  of  them,  are  invested  with 
the  attribute  of  moral  perfection,  and  are  con- 
sequently in  a  state  of  happiness ;  that  they 
employ  their  faculties  in  contemplating  the 
perfections  and  operations  of  their  Creator; 
and  that  they  magnify  and  adore  him  in  the 
loftiest  strains,  as  the  centre  and  sourc  o  of  all 
their  felicity :  all  which  appears  to  be  implied 
in  the  passage,  "  the  host  of  heaven  worship- 
peth  thee."  For  no  being  can  with  propriety 
be  said  to  worship  Jehovah,  unless  such  as 
are  endowed  with  moral  and  intellectual 
powers,  capable  of  appreciating  his  perfections, 
as  displayed  in  the  universe,  and  of  perceiving 
that  he  is  worthy  of  all  homage  and  adoration. 
In  accordance  with  such  views  the  Psalmist, 
when  his  soul  was  inspired  with  the  higher 
strains  of  devotion,  in  a  sublime  apostrophe, 
calls  upon  the  whole  intelligent  universe  to 
adore  the  name  of  Jehovah : — "  Praise  ye 
Jehovah  from  the  heavens;  praise  him  ye 
heaven  of  heavens," — or,  ye  inhabitants  of 
those  higher  regions, — "  praise  him,  all  ye  his 
angels;  praise  him,  all  ye  his  hosts.  Let 
them  praise  the  name  of  the  Lord,  for  his 
name  alone  is  exalted,  and  his  glory  is  above 
the  earth  and  heaven."  If  therefore  there 
were  no  other  worlds  than  that  on  which  we 
dwell,  such  magnificent  expressions  would 
lose  all  their  sublimity,  would  be  almost  with- 
out meaning,  and  might  be  regarded  rather  as 
the  turgid  exclamations  of  an  enthusiast  than 
as  the  sober  dictates  of  inspiration.  But  when 
we  take  into  view  the  immensity  of  the  uni- 
verse, and  the  numerous  worlds  and  beings  it 
contains,  such  expressions^  though  among  the 
strongest  which  human  language  can  furnish, 
fall  far  short  of  communicating  the  lofty  ideas 
they  are  intended  to  represent. 

Such  passages  as  the  following  may  like- 
wise be  considered  as  embodying  views  of  the 
same  description: — Psalm  ciii.  19, — "The 
Lord  hath  prepared  his  THROXE  in  the  hea- 
vens ;  and  his  kingdom  ruleth  over  all." 

This,  along  with  a  number  of  similar  pas- 
sages interspersed  throughout  the  Scriptures, 
evidently  implies  that  the  heavens  form  the 
principal  part  of  the  Divine  empire,  compared 
with  which,  this  earth  is  but  as  a  point,  and 
"  all  its  inhabitants  reputed  as  nothing." 
They  arc  represented  as  the  chief  and  appro- 
priate residence  of  Jehovah,  where  he  displays 
the  glory  of  his  perfections  to  unnumbered 
intelligences.  Hence  he  is  declared  to  have 
"  established  his  throne  in  the  heavens,"  in- 
timating, that  it  is  in  those  higher  and  more 
expansive  regions  that  the  principal  arrange- 
ments of  his  government  have  been  made, 
that  the  beneficence  and  rectitude  of  his  cha- 
racter are  manifested,  and  that  the  grandeur 
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of  his  moral  administration  is  most  extensively 
displayed.  But  it  is  evident,  that  where 
there  are  no  intellectual  beings,  there  can  be 
no.  moral  government ;  and  therefore,  if  the 
Almighty  has  a  government  in  the  heavens, 
these  heavens  must  be  peopled  with  beings 
endowed  with  moral  and  intellectual  faculties, 
capable  of  being  the  subjects  of  a  moral  ad- 
ministration. To  suppose  a  government 
without  subjects,  is  evidently  preposterous 
and  absurd.  It  is  added,  "His  kingdom 
ruleth  over  all."  Wherever  these  expansive 
heavens  extend,  and  however  numerous  and 
august  the  worlds  and  systems  which  lie 
within  their  range,  they  are  all  under  the 
superintendence  and  sway  of  the  Divine  go- 
vernment, which  extends  its  care  and  moral 
energies  over  the  remotest  regions  of  the  uni- 
verse. But  as  there  can  be  no  kingdom  with- 
out rational  and  moral  subjects,  therefore, 
wherever  the  kingdom  of  Jehovah  extends 
throughout  the  illimitable  spaces  of  immen- 
sity, there  must  be  myriads  of  beings  en- 
dowed with  rational  and  moral  natures.  Simi- 
lar remarks  might  be  made  upon  such  decla- 
rations as  the  following : — "  The  Lord,  he  is 
God  in  the  heaven  above,"  intimating  his 
rule  or  dominion  over  the  worlds  on  high : 
"  Behold  the  heaven  and  the  heaven  of  hea- 
vens is  the  Lord  thy  God's,"  intimating,  like- 
wise, that  he  presides  in  high  authority  over 
all  the  beings  they  contain ;  "  Thine,  O  Lord, 
is  the  greatness,  and  the  glory,  and  the  ma- 
jesty ;  for  all  in  heaven  and  in  earth  is  thine. 
Thine  is  the  kingdom,  O  Lord,  and  thou  art 
exalted  above  all ;"  "  Heaven  is  my  throne  and 
the  earth  is  my  footstool ;"  "  His  kingdom  is 
an  everlasting  kingdom ;"  "  His  dominion  is 
an  everlasting  dominion ;"  and  "  He  doth  ac- 
cording to  his  will  in  the  army  of  heaven, 
and  among  the  inhabitants  of  the  earth."  All 
these,  and  similar  passages,  imply  rule  and 
dominion  over  the  inhabitants  of  the  hea- 
vens; and  consequently  intimate  that  the 
celestial  worlds  are  occupied  by  the  subjects 
of  the  divine  government.  It  is  not  impro- 
bable that  the  expression  which  so  frequently 
occurs  in  scripture,  "  The  Lord  of  hosts,"  or 
the  Lord  of  armies,  has  a  particular  reference 
to  the  universal  dominion  of  Jehovah  over 
the  countless  myriads  which  people  the  dis- 
tant regions  of  creation. 

Psalm  cllv.  9 :  "The  Lord  is  good  to  all; 
and  his  tender  mercies  are  over  all  his 
works." 

The  goodness  of  God,  in  innumerable 
modes  and  instances,  is  displayed,  not  only 
towards  man,  but  to  all  the  diversified  orders 
of  animated  existence  in  this  lower  world. 
But  it  is  not  confined  to  this  terrestrial  sphere, 
•but  is  diffused  wherever  his  wisdom  and  om- 
nipotence have  prepared  habitations  for  sen- 


.  sitive  and  intellectual  beings.  Hence  it  is 
here  declared,  that  "his  tender  mercies,"  or 
the  emanations  of  his  goodness  and  benefi- 
cence, "are  diffused  'tver  all  his  works," 
implying  that  throughout  the  whole  range  of 
the  material  system,  however  far  it  may  ex- 
tend, the  beneficence  of  the  Deity  is  display- 
ed to  numerous  ranks  of  his  sensitive  and 
intelligent  offspring;  for  unless  such  beings 
exist  throughout  all  places  of  his  vast  domi- 
nions, there  could  be  no  scope  for  the  exer- 
cise of  his  benevolence,  and  of  course  it  could 
not  be  said,  with  propriety,  to  extend  "  over 
all  his  works."  In  the  same  point  of  view 
we  may  consider  an  analogous  expression  in 
Psalm  cviii.  and  other  places  of  Scripture, — 
"  Thy  mercy  is  great  above  the  heavens ;"  or, 
as  Mr.  Locke  translates  it,  "  Great  is  thy 
BOUNTY  above  the  heavens  /""  an  expression 
which  leads  us  to  conclude,  that  far  beyond 
these  visible  heavens  which  the  unassisted 
eye  beholds,  and  even  beyond  the  reach  of 
all  the  orbs  which  the  telescope  has  enabled 
us  to  descry,  the  Divine  goodness  shines  in 
rich  manifestations,  diffusing  felicity  and 
ecstatic  joy  among  unnumbered  legions  of 
happy  existence*  for  "  bounty,"  or  "good- 
ness," can  have  a  relation  only  to  such  beings. 

In  the  following  passage  of  Psalm  cxiv.  1 0 
— 13,  it  is  declared,  "All  thy  works  shall 
praise  thee,  O  Lord,  and  thy  saints  shall  bless 
thee.  They  shall  speak  of  the  glory  of  thy 
kingdom,  and  talk  of  thy  power ;  to  make 
known  to  the  sons  of  men  his  mighty  acts, 
and  the  glorious  majesty  of  his  kingdom.  Thy 
kingdom  is  an  everlasting  kingdom,"  &c. 

This  passage  may  be  considered  as  embody- 
ing a  prediction  that  in  the  future  ages  of  the 
church  men  of  piety  will  acquire  more  elevated 
and  comprehensive  views  of  the  extent  and 
the  grandeur  of  the  universal  kingdom  of  Je- 
hovah, and  will  display  a  more  enlightened 
zeal  than  in  ages  past,  in  exhibiting  to  their 
fellow-men  the  august  operations  of  Omnipo- 
tence, and  the  magnificence  of  that  empire 
over  which  the  Most  High  presides.  "  They 
shall  speak  of  the  glory  of  Jehovah's  kingdom, 
and  talk  of  his  power."  If  this  kingdom  were 
chiefly  confined  to  the  evanescent  speck  of 
earth  on  which  we  live,  it  would  scarcely  bo 
worthy  of  the  epithets  which  are  here  be- 
stowed upon  it.  It  is  a  kingdom  of  GLOIIY  ; 
it  is  a  kingdom  in  which  are  displayed  mighty 
acts  or  operations  ;  it  is  a  kingdom  of  glorious 
majesty ;  it  is  a  kingdom  in  which  are  dis- 
played "  power,"  and  "greatness  which  is 
unsearchable  /"  it  is  a  "kingdom  of  all  ages," 
and  its  administration  will  be  carried  forward 
throughout  all  the  revolutions  of  eternity — "  thy 
kingdom  is  an  everlasting  kingdom."  Were  its 
government  conducted  chiefly  in  reference  to 
earth  and  its  inhabitants,  such  descriptions  of 
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its  grandeur  could  scarcely  be  expected  from  in- 
spired writers,  nor  would  such  a  limited  king- 
dom correspond  to  the  majesty  of  an  infinite 
omnipotent,  and  eternal  Being,  who  has  the 
range  of  immensity  as  the  theatre  of  his  ope- 
rations. But  when  we  contemplate  the  uni- 
versal kingdom  of  Jehovah  extending  through- 
out the  unlimited  regions  of  space ;  when  we 
behold  it  filled  with  worlds  of  immense  mag- 
nitude, and  with  systems  of  worlds  in  such  a 
multitude  and  variety  that  no  man  can  num- 
ber them,  we  perceive  at  once  that  such  a 
kingdom  warrants  the  application  of  such 
lofty  epithets  and  expressions  as  are  here 
used ;  that  it  is  indeed  a  kingdom  displaying 
omnipotent  "  power,"  and  "  greatness  un- 
searchable ;"  that  it  is  connected  with  "  mighty 
operations ;"  that  it  is  invested  with  "  glorious 
majesty ;"  and  that  it  is  worthy  of  everlasting 
duration.  But  as  the  idea  of  a  kingdom  ne- 
cessarily includes  subjects,  and  as  the  multi- 
tude of  subjects  constitute  the  chief  glory  of 
an  empire,  so  we  must  necessarily  admit  that 
all  the  provinces  of  this  celestial  kingdom  are 
replenished  with  inhabitants,  or  in  other 
words,  subjects  of  the  Divine  government ; 
without  which  it  could  have  no  "  glory"  nor 
"  majesty,"  nor  could  it  with  propriety  be  en- 
titled to  the  designation  of  "  a  kingdom." 

Such  passages  as  the  following  may  like- 
wise be  considered  as  corroborating  the  pre- 
ceding positions :  Psalm  cxiii.  4 — 6,  "  Who 
is  like  unto  the  Lord  our  God,  who  dwelleth 
on  high  1  The  Lord  is  high  above  all  nations, 
and  his  glory  above  the  heavens.  He  hum- 
bleth  himself  to  behold  the  things  that  are  in 
heaven  and  in  the  earth." ,  "  Thy  goodness 
is  great  above  the  heavens,  and  thy  truth 
reacheth  to  the  skies.  Thou  art  exalted,  O 
God,  above  the  heavens,"  &c. 

These  passages,  and  others  of  a  similar  im- 
port, embody  the  general  idea  that  the  omni- 
potence and  grandeur  of  the  Divinity  are  dis- 
played in  regions  far  beyond  that  firmament 
which  is  visible  from  our  globe  by  common 
observers ,  yea,  beyond  the  utmost  limits  to 
which  telescopic  discoveries  have  conducted 
us;  for  "his  glory  is  above"  or  beyond, 
"  these  heavens."  And  if  nothing  but  empty 
space  existed  beyond  these  limits,  or  mere 
matter  without  mind,  it  could  scarcely  be  said 
that  the  Divine  glory  is  displayed  beyond 
these  heavens.  It  is  further  stated  that  the 
glory  of  the  Almighty  is  so  expansive,  and 
that  his  universal  kingdom  extends  through 
regions  so  immeasurably  distant  that  he  may 
be  said,  speaking  after  the  manner  of  men, 
"  to  humble  himself  when  he  beholds  the  ob- 
jects in  the  heavens"  which  lie  within  our 
observation.  This  declaration  contains  not 
only  a  sublime  representation  of  the  magnifi- 
cence of  the  Divine  nature  and  operations, 
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but  appears  to  me  to  embody  in  it  a  demon 
stration  of  what  we  formerly  asserted  as  highly 
probable— namely,  that  that  portion  of  the 
universe  which  lies  within  the  range  of  tele- 
scopic vision,  and  which  contains  so  many 
millions  of  splendid  suns  and  systems,  is  but 
a  small  part  of  the  universal  kingdom  of  Je- 
hovah, compared  with  what  lies  beyond  the 
utmost  boundaries  of  human  vision  ;  for  he  is 
here  represented  as  humbling  himself  when 
he  looks  down  from  the  remoter  glories  of  his 
empire  on  all  that  is  visible  to  the  view  of 
mortals.  To  the  same  purpose  is  the  pious 
exclamation  of  the  Psalmist  in  the  8th  Psalm : 
"  O  Lord,  our  Lord,  how  excellent  is  thy  name 
in  all  the  earth !  who  hast  set  thy  glory  above 
the  heavens  /"  And  if  the  glory  of  the  Di- 
vinity, be  manifested  in  regions  far  beyond  the 
visible  firmament,  we  may  rest  assured  that 
it  consists  in  displaying  his  perfections,  and 
communicating  happiness  to  innumerable  or- 
ders of  rational  beings,  who  are  the  subjects 
of  his  moral  government. 

I  shall  only  further  offer  a  few  cursory  re- 
marks on  the  following  passages  : — Psalm 
xix.  1,  "The  heavens  declare  the  glory  of 
God,"  &c.  The  word  glory  in  this  and  simi- 
lar passages,  when  applied  to  the  Divinity  de- 
notes the  display  of  his  wisdom,  goodness, 
omnipotence,  and  other  attributes.  The 
heavens,  with  all  the  host  of  rolling  orbs  which 
they  contain,  are  here  declared  to  manifest  the 
"  glory,"  or  the  infinite  perfections,  of  Him 
who  formed  them.  The  number  and  magni- 
tude of  the  opaque  and  luminous  globes  con- 
tained within  the  vast  expansion  of  these 
heavens,  and  their  astonishingly  rapid  motions, 
evidently  proclaim  his  omnipotence  /  but  if 
those  bodies  accomplished  no  end  correspond- 
ing to  the  extent  and  grandeur  of  the  means 
employed ;  if  they  were  all  so  many  expan- 
sive desarts,  without  any  relation  to  intellec- 
tual existence,  they  could  afford  no  evidences 
of  wisdom  and  beneficence,  and  consequently 
could  not  be  said,  with  any  show  of  reason, 
to  "  declare  the  glory  of  God."  In  the  visions 
recorded  in  the  B ook  of  Revelation,  the  celes- 
tial inhabitants  are  represented  as  falling  down 
before  the  throne  of  the  Eternal  in  acts  of  ado- 
ration, and  proclaiming,  "  Thou  art  worthy, 
O  Lord,  to  receive  glory,  and  honour,  and 
power;  for  thou  hast  created  all  things." 
And  in  another  scene  they  are  introduced  as 
celebrating  with  rapture  the  Divine  ope- 
rations: "Great  and  marvellous  are  thy 
works,  Lord  God  Almighty."  "  Blessing,  and 
glory,  and  wisdom,  and  thanksgiving,  and 
honour,  and  power,  be  unto  our  God  for  ever 
and  ever."  Similar  remarks  to  the  above 
might  be  made  in  reference  to  these  ascriptions 
of  praise  and  adoration.  If  creation  were  a 
kind  of  chaos,  or  wilderness  void  of  inhabit- 
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ants,  and  if  wisdom,  design,  and  goodness 
were  not  displayed  in  the  Divine  arrangements, 
there  would  be  little  to  excite  the  admiration 
and  devotional  rapture  of  superior  intelli- 
gences ;  and  they  could  not  be  said  with  pro- 
priety to  ascribe  wisdom,  and  glory,  and 
thanksgiving  to  God,  while  they  beheld  no 
display  of  some  of  these  attributes  in  the 
mightiest  of  his  works.  But  we  are  told  in 
various  passages  of  Scripture  that  the  Most 
High  "  established  the  world,"  or  the  uni- 
verse, "by  his  wisdom,  and  stretched  out  the 
heavens  by  his  understanding."  In  Psalm 
cxlvii.  4,  it  is  declared — "  He  telleth  the  num- 
ber of  the  stars ;  he  calleth  them  all  by  their 
names."  It  is  evident  that  we  are  not  to 
consider  this  declaration  as  expressive  merely 
of  an  arithmetical  idea,  or  something  similar 
to  the  practice  of  an  astronomer,  who  distin- 
guishes the  stars  by  certain  letters,  characters 
or  appellations ;  but  as  expressive  of  the  inti- 
mate knowledge  which  the  Almighty  has  of 
all  those  mighty  orbs  wherever  dispersed 
throughout  the  regions  of  infinitude,  and  like- 
wise his  perfect  acquaintance  with  all  the  in- 
tellectual beings,  and  the  special  arrangements 
connected  with  every  one  of  them — a  circum- 
stance which  conveys  a  most  sublime  idea  of 
the  omniscience  and  omnipresence  of  the 
Deity.  Hence,  in  the  words  immediately 
following,  the  mind  of  the  Psalmist,  overpow- 
ered with  this  idea,  bursts  forth  in  this  excla- 
mation, "  great  is  our  Jehovah,  and  of  great 
power  ;  his  understanding  is  infinite." 

In  the  epistle  to  the  Hebrews,  chapter  i.  2, 
and  xi.  3,  a  plurality  of  worlds  is  declared: 
"  Through  faith  we  understand  that  the  worlds 
were  framed  by  the  word  of  God,  and  that  the 
things  which  are  seen  were  not  made  of 
things  that  do  appear."  The  Greek  word, 
atuv  in  this  passage,  is  sometimes  used  to  de- 
note an  age  or  dispensation,  but  is  also  fre- 
quently used  to  designate  the  material  world  ; 
in  which  sense  it  must  be  taken  in  the  pas- 
sage before  us,  as  is  evident  from  its  con- 
nexion, and  from  the  subject  on  which  the 
apostle  is  treating.  It  is  to  the  visible  or  ma- 
terial world  that  our  attention  is  here  directed 
as  having  been  produced  from  an  invisible 
cause.  The  term  a^vaj  being  used  in  the 
plural  number,  evidently  intimates  that  there 
are  more  worlds  than  one,  and  that  there  may 
be  thousands  or  millions ;  but,  independently 
of  this  direct  intimation  of  a  plurality  of  worlds, 
the  passages  formerly  quoted,  when  viewed 
in  a  proper  light,  and  considered  in  all  their 
references  and  bearings  may  be  considered  as 
conclusive  proofs  of  the  same  position,  and  as 
intimating  to  us,  not  simply  a  plurality  of 
worlds,  but  extending  our  views  of  their  num- 
ber and  magnificence  as  far  as  science  has  yet 
conducted  us,  and  even  beyond  the  range  of 
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astronomical  discovery ;  for  we  are  told  that 
the  Divine  perfections  are  displayed  "  above,** 
or  beyond,  the  utmost  range  of  "  the  visible 
heavens." 

Many  other  passages  besides  the  above 
might  have  been  pointed  out  as  bearing  on 
the  same  subject,  but  the  remarks  already 
made  on  the  passages  which  have  been 
selected  may  serve  as  a  key  to  illustrate  many 
others,  as  they  happen  to  occur  to  the  intelli- 
gent student  of  the  Scriptures.  We  read, 
for  example,  of  the  Almighty  "  operating;  by 
his  moral  government  and  arrangements," 
"  among  the  army,"  or  armies,  "  of  heaven," 
as  well  as  "  among  the  inhabitants  of  the 
earth ;"  and  that  the  whole  population  of  our 
world  "  is  reputed  as  nothing  in  his  sight." 
We  find  in  different  portions  of  the  Psalms, 
the  inhabitants  of  the  heavens,  and  "  the 
heaven  of  heavens" — the  "  angels  who  excel 
in  strength" — "  all  his  hosts,"  or  legions,  of  in- 
telligences, "  in  all  places  of  his  dominions, 
who  do  his  pleasure,  hearkening  to  the  voice 
of  his  word," — we  find  all  these  ranks  of  be- 
ings called  upon  to  join  in  one  united  chorus 
of  praise  and  thanksgiving  to  "  Him  whose 
name  alone  is  exalted,  and  whose  glory  is 
above  the  earth  and  heaven."  We  read  in 
the  Book  of  Job,  among  many  other  descrip- 
tions of  the  grandeur  of  the  Deity,  that  "  by 
his  Spirit  he  garnished  the  heavens;"  and 
that  the  astonishing  displays  of  his  omnipo- 
tence they  contain  "  are  but  parts  of  his 
ways,"  and  that  "  the  thunder  of  his  power 
none  can  understand."  All  of  which  repre- 
sentations, and  many  others,  may  be  consi- 
dered as  embodying  the  idea,  not  only  of  a 
plurality,  but  of  myriads  of  worlds  existing  in 
the  universe. 

There  is  one  general  remark  which  may 
be  applied  to  all  that  we  have  stated  in  this 
chapter,  and  that  is — //  is  not  necessary  to 
suppose  that  the  inspired  writers  had  re- 
vealed to  them  all  the  wonders  of  modern 
astronomy.   They  appear,  in  some  instances, 
to  have  been  ignorant  of  the  precise  meaning 
and  the  extensive  references  of  the  language 
they  used.     The  prophets  are  said  to  have 
"  inquired  and  searched  diligently  what  man- 
ner of  time  the  spirit  of  Christ  which  was  in 
them  did  signify,  when  it  testified  beforehand 
the  sufferings  of  Christ  and  the  glory  that 
should  follow;"  intimating    that  they  were 
partly  unacquainted  with  the  precise  refer- 
ences of  the  predictions  they  uttered.     They 
were  only  the  amanuenses  of   the   Divine 
Spirit,  and  were  directed  to  such  language  as 
was  accordant  with  the  Divine  economy  and 
with  the  facts  existing  in  the  universe,  al- 
though they  themselves  might  not  be  aware 
of  the  grandeur  of  those  objects  to  which  their 
expressions  referred ;  and  the  correspondence 
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of  their  language  with  the  phenomena  of  the    modern  times,  constitutes  one  evidence  among 
heavens  and  the  earth,  and  the  discoveries  of    others  of  the  truth  of  Divine  revelation 


CHAPTER  XVIII. 

On  the  Physical  and  Moral  State  of  the  Beings  that  may  inhabit  other  Worlds. 


Ox  the  enunciation  of  this  topic,  some 
readers  will,  probably,  be  apt  to  surmise,  that 
the  author  is  attempting  to  go  beyond  the 
range  of  subjects  within  which  the  human 
understanding  should  be  confined.  We  have 
never  seen  the  inhabitants  of  other  worlds ; 
we  have  been  favoured  with  no  special  reve- 
lations respecting  them ;  we  have  not  even 
caught  a  glimpse  of  the  peculiar  scenery  of 
the  globes  hi  which  they  reside,  excepting  a 
few  portions  of  their  celestial  phenomena; 
and  while  we  are  chained  down  by  the  Jaw 
of  gravitation  to  this  sublunary  sphere,  we 
cannot  fly  on  the  wings  of  a  seraph  to  visit 
any  of  the  distant  orbs  of  the  firmament.  It 
is  true,  that  on  such  a  subject  we  cannot 
attempt  to  descend  into  particulars.  But 
there  are  certain  general  and  admitted  prin- 
ciples on  which  we  may  reason,  and  there 
are  certain  phenomena  and  indications  of  de- 
sign exhibited  in  the  structure  of  the  universe 
from  which  certain  general  conclusions  may 
be  deduced ;  beyond  such  generalities  I  do 
not  intend  to  proceed,  nor  to  indulge  hi  vague 
conjecture.  There  are  many  things  of  which 
we  have  acquired  a  certain  degree  of  know- 
ledge, and  yet  have  never  seen.  We  do  not 
see  the  air  we  breathe,  nor  most  of  the  gaseous 
fluids ;  we  do  not  see  the  principle  of  life,  or 
the  rational  spirit  which  animates  our  bodies ; 
we  cannot  possibly  see  the  Divine  Being,  al- 
though his  presence  pervades  all  space.  But, 
in  regard  to  all  these  objects,  we  have  ac- 
quired a  certain  degree  of  information ;  and 
therefore,  although  we  have  never  seen  any 
of  the  inhabitants  of  other  planets,  and  never 
will  so  long  as  we  remain  in  our  present 
abode,  yet  we  may  form  some  general  con- 
ceptions respecting  them,  both  as  to  their 
physical  and  moral  state.  All  that  I  propose 
on  this  point  may  be  comprehended  under  the 
following  general  remarks : 

1.  The  planets,  wherever  they  exist,  in 
our  own  or  in  other  systems,  are  inhabited  by 
sentient  beings.  The  formation  of  material 
fabrics,  such  as  all  the  planetary  bodies  are, 
necessarily  indicate  that  beings  connected 
with  material  vehicles  and  organs  of  sensa- 
tion were  intended  to  inhabit  them.  The 
arrangements  for  the  diffusion  of  light,  heat, 
and  the  influence  of  the  power  of  attraction, 
and  other  material  agencies,  evidently  show 
that  such  agents  were  intended  to  act  on  be- 
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ings  formed  with  organical  parts  and  functions, 
capable  of  being  the  recipients  of  impressions 
from  them.  All  such  beings,  therefore,  must 
be  considered  as  furnished  with  bodies  con- 
structed with  organical  parts  analogous  to 
what  we  find  in  man  or  other  animated  be- 
ings on  our  globe ;  but  the  size  and  form  of 
such  bodies,  the  parts  of  which  they  are  com- 
posed, the  functions  they  respectively  perform, 
their  symmetry  and  decoration,  and  their 
powers  of  locomotion,  may  be  very  different 
from  those  which  obtain  in  our  sublunary 
world ;  and  it  is  not  unlikely,  from  a  con- 
sideration of  the  variety  which  exists  in  the 
universe,  that  there  is  a  certain  difference,  in 
these  and  other  respects,  in  every  planet  and 
world  that  exists  throughout  immensity. 

2.  The  principal  inhabitants  of  the  planets 
and  other  worlds  are  not  merely  sensitive 
beings,  but  are  likewise  endowed  with  in- 
tellectual faculties.  This  may  be  inferred 
from  the  scenery  connected  with  their  habita- 
tions. Connected  with  the  planet  Jupiter, 
we  behold  four  splendid  moons,  larger  than 
ours,  performing  their  revolutions  around  it 
in  regular  periods  of  time,  without  the  least 
deviation  from  their  courses.  The  general 
aspect  of  these  moons,  then-  diversified  phases 
and  rapid  changes,  along  with  their  frequent 
eclipses,  must  produce  a  sublime  and  varie- 
gated appearance  in  the  nocturnal  sky  of  that 
planet ;  while,  from  the  surface  of  the  moons 
themselves,  the  still  more  splendid  appearance 
of  Jupiter  and  the  phases  of  the  other  moons 
will  present  a  nocturnal  scene  of  peculiar 
sublimity  and  magnificence.  Connected  with 
the  planet  Saturn,  we  find  scenes  still  more 
august  and  diversified ;  besides  seven  large 
moons,  two  resplendent  rings  of  vast  extent 
surround  the  body  of  this  planet,  producing 
the  most  sublime  and  diversified  phenomena, 
both  to  the  planet  itself  and  to  all  its  satellites, 
adorning  the  firmaments  of  those  bodies  with 
a  splendour  and  magnificence  of  which  we 
can  form  but  a  faint  conception.*  Were  we 
permitted  minutely  to  inspect  the  surfaces  of 
these  planets,  we  should  doubtless  find  many 
beautiful  arrangements  in  the  scenery  of 
nature  with  which  they  are  adorned,  probably 
far  surpassing  hi  picturesque  variety  and 

*  For  a  particular  description  of  the  scenes  here 
alluded  to,  the  reader  is  referred  to  "Celestial 
Scenery,  chap.  viii. 
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grandeur  what  appears  on  the  surface  of  our 
globe.  When  we  inspect  the  surface  of  the 
moon  through  a  good  telescope,  we  hehold  a 
beautiful  diversity  of  extensive  plains,  of  lofty 
mountains,  in  every  variety  of  size  and  form — 
of  pliins  and  valleys  surrounded  with  circular 
ramparts  of  hills — of  mountains  towering  far 
above,  and  vales  and  caverns  sinking  far  be- 
low the  general  level  of  the  lunar  surface, 
with  many  other  varieties ;  and  we  have  only 
to  suppose  the  general  surface  of  that  orb 
adorned  with  vegetable  productions  somewhat 
analogous  to  those  of  our  globe,  in  order  to 
present  a  sense  of  picturesque  beauty  and 
magnificence. 

Now,  it  appears  a  natural,  if  not  a  necessary 
conclusion,  that  such  grand  and  beautiful 
scenes  could  only  be  intended  for  the  con- 
templation and  enjoyment  of  beings  endowed 
with  rational  natures,  since  mere  sentient  be- 
ings, such  as  the  lower  animals  in  our  world, 
are  insensible  either  to  the  beauties  of  the 
vegetable  kingdom  or  the  glories  of  the  span- 
gled firmament.  If  our  globe  had  been 
created  merely  for  the  support  of  such  beings, 
it  is  not  probable  that  it  would  have  been 
adorned  with  all  the  beautiful  arrangements 
which  now  exist,  and  the  splendid  and  di- 
versified scenes  with  which  it  is  furnished. 
The  lion,  the  tiger,  and  the  hyena  find  every 
accommodation  they  desire  in  dens,  desarts, 
thickets,  aud  forests ;  and  they  appear  to  feel 
no  peculiar  enjoyment  in  flowery  fields,  ex- 
pansive lakes,  beautiful  landscapes,  or  the 
sublimities  of  a  starry  firmament.  If,  then, 
there  were  no  rational  intelligences  in  the 
planetary  worlds,  we  cannot  suppose  that  so 
many  grand  and  magnificent  arrangements  as 
we  find  existing  would  have  been  made ; 
particularly,  we  cannot  suppose  that  the  mo- 
tions of  the  planets  and  their  satellites  would 
have  been  so  accurately  adjusted  as  to  per- 
form their  revolutions  with  so  much  precision 
as  we  find  they  do.  The  regularity  and  pre- 
cision of  these  motions  are  evidently  intended 
to  serve  as  accurate  measures  of  time  or  dura- 
tion,— a  circumstance  which  must  always  be 
a  matter  of  importance  to  rational  beings 
wherever  existing,  but  which  seems  to  be 
scarcely  attended  to,  and  perhaps  not  in  the 
least  appreciated,  by  merely  sentient  beings, 
su^h  as  the  lower  orders  of  animated  nature 
which  exist  around  us. 

From  what  has  been  now  stated,  we  may 
conclude  that  the  inhabitants  of  the  planets 
are  not  purely  spiritual  beings;  for  pure 
spirits,  entirely  divested  of  material  vehicles, 
cannot  be  supposed  to  have  a  permanent  con- 
nexion with  any  material  world  or  system  ; 
nor  could  they  be  supposed  to  be  affected  by 
air,  light,  colours,  attraction,  or  other  material 
influences,  which  operate  on  the  surfaces  of 


all  the  planetary  bodies.  If  pure  intelligences, 
disconnected  with  matter,  exist  in  the  uni- 
verse, they  must  be  conceived  to  have  a  more 
expansive  range  than  the  limits  of  any  one 
globe,  and  those  material  agencies  which 
affect  the  organs  of  sensitive  existence  cannot 
be  supposed  to  operate  upon  them  •  and,  con- 
sequently, their  modes  of  perception  must  be 
altogether  different  from  those  of  organized 
intelligences.  We  may  therefore  with  cer- 
tainty conclude  that  the  intelligent  beings 
connected  with  the  planetary  worlds,  either 
of  our  own  or  of  other  systems,  are  furnished 
with  bodies,  or  corporeal  vehicles  of  some 
kind  or  Other.  These  may  differ  in  size  and 
form  in  different  planets ;  perhaps  their  size 
may  depend  on  the  amplitude  of  space  which 
the  different  planets  may  contain.  But  I 
cannot  acquiesce  in  a  supposition  lately  thrown 
out  by  a  certain  reviewer,  "that  in  some 
worlds  the  inhabitants  may  be  as  large  as 
mountains,  and  in  others,  as  small  as  emmets." 
In  the  one  case,  comparatively  few  inhabitants 
could  live  in  a  world  where  every  one  was  a 
walking  Mount  Blanc  or  Mount  Etna;  and 
it  would  be  contrary  to  all  the  known 
arrangements  of  the  Creator ;  who  appears  to 
act  on  the  principle  of  compressing  into  a 
small  space  the  greatest  degree  of  sensitive 
and  intellectual  enjoyment.  Besides,  such  a 
huge  mass  of  matter  as  a  mountain  is  not 
only  unnecessary,  but  in  ail  probability  would 
be  highly  injurious  to  the  exercise  of  the  in- 
tellectual faculties.  In  the  other  case,  were 
rational  beings  as  small  as  emmets,  they  could 
neither  contemplate  the  beauties  and  sub- 
limities of  the  scene  of  nature  around  them, 
nor  the  glories  of  the  starry  firmament ;  their 
range  of  vision  could  extend  only  a  few  feet 
or  yards  around  them,  and  they  never  could 
be  able  to  explore  the  nature,  extent,  and 
peculiarities  of  scenery  of  the  world  they 
inhabited.  So  that  all  such  suppositions 
are  evidently  extravagant  and  absurd,  being 
directly  contrary  to  the  proportion  and  har- 
mony which  exist  in  the  universe,  and  which 
characterize  all  the  arrangements  of  the 
Creator.  In  regard  to  the  powers  of  locomo- 
tion, there  may  be  considerable  differences  in 
different  worlds.  In  many  instances  there  is 
reason  to  believe  their  inhabitants  are  enabled 
to  transport  themselves  from  one  region  to 
another  with  a  velocity  far  surpassing  the 
locomotive  powers  of  man.  In  the  planet 
Venus  some  of  the  mountains  are  reckoned 
to  be  twenty-two  miles  in  perpendicular  eleva- 
tion, from  the  top  of  which  eminences  the 
most  sublime  and  diversified  prospects  must 
be  enjoyed ;  and  in  order  that  its  inhabitants 
may  be  enabled  to  ascend  with  ease  such 
lofty  elevations,  it  is  not  unreasonable  to  bo- 
Heve  that  they  are  endowed  with  powers  of 
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motion  far  superior  to  those  of  the  inhabitants 
of  our  globe. 

3.  The  inhabitants  of  the  planets  are  fur- 
nished with  organs  of  sensation,  particularly 
with  the  organ  of  vision.  This  may  be  certain- 
ly deduced  from  the  fact,  that  there  are  con- 
nected with  the  planets  arrangements  for  the 
equable  distribution  of  light.  The  sun,  the 
source  of  illumination,  is  placed  in  the  centre 
of  the  system  for  diffusing  light  in  certain  pro- 
portions over  the  surfaces  of  all  the  planets, 
their  satellites,  and  their  rings.  Each  plane- 
tary body  revolves  round  its  axis,  in  order  that 
every  part  of  its  surface  may  alternately  enjoy 
the  benefit  of  the  solar  radiation.  Around 
the  larger  planets  are  moons  for  the  distribu- 
tion of  light  in  the  absence  of  the  sun;  and 
one  of  them  is  invested  with  a  double  ring, 
which  reflects  the  solar  rays  during  the  night 
both  on  the  surface  of  the  planet  itself  and  on 
the  surfaces  of  its  moons.  This  diversified 
apparatus  for  the  diffusion  of  light  evidently 
appears  to  be  an  arrangement  of  means  in 
order  to  the  accomplishment  of  an  important 
end,'  for  it  would  be  a  reflection  on  the  cha- 
racter of  the  All-wise  Contriver  to  suppose 
that  means  have  been  arranged  where  no  ap- 
propriate end  is  intended  to  be  accomplished ; 
but  all  the  arrangements  for  the  regular  and 
equable  diffusion  of  light  have  been  made  in 
vain,  if  there  be  no  eyes  or  organs  of  vision 
on  which  light  may  act ;  for  mountains,  and 
vales,  and  barren  desarts  do  not  require  its 
regular  influence.  That  there  are  beings  fur- 
nished with  visual  organs  throughout  all  the 
worlds  and  systems  of  matter  in  the  universe 
appears  from  the  consideration,  that  not  only 
in  our  own  system,  but  among  the  myriads 
of  fixed  stars  dispersed  throughout  immensity, 
provision  is  made  for  such  organs  in  the  ex- 
istence of  light,  which  is  a  substance  that  ap- 
pears to  be  universally  diffused  throughout 
creation.  It  is  found  by  experiment,  that  the 
light  which  radiates  from  the  most  distant 
star  is  of  the  same  nature  as  that  which  ema- 
nates from  the  sun.  It  is  refracted  and  re- 
flected by  the  same  laws,  and  consists  of  the 
same  colours,  as  that  which  illuminates  the 
bodies  which  compose  the  solar  system,  and 
which  throws  a  lustre  on  the  objects  imme- 
diately around  us.  The  mediums  of  vision 
must  therefore  be  acted  upon  by  light,  in  the 
most  distant  regions  of  creation,  in  nearly  the 
same  manner  as  with  us,  although  there  may 
be  numerous  varieties  and  modifications  of 
the  visual  organs,  so  as  to  render  vision  far 
more  perfect  and  extensive  than  in  the  case 
of  the  inhabitants  of  our  globe.  We  find 
that  there  is  an  immense  variety  in  the  modes 
of  vision  among  the  lower  animals.  Some  of 
the  smaller  insects  have  their  eyes  nearly  of 
a  globular  form  and  very  small,  so  that  they 
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can  see  only  a  few  niches  around  them ;  while 
the  eyes  of  other  animals,  such  as  the  eagle, 
are  so  constructed  that  they  can  perceive  their 
prey  at  a  great  distance,  and  from  a  very  ele- 
vated position.  Some  animals  have  only  one 
or  two  visual  organs  or  eye-balls,  as  man, 
birds,  and  quadrupeds ;  others  have  eight,  as 
in  the  case  of  spiders :  and  others  have  seve- 
ral  hundreds,  and  even  thousands,  of  trans- 
parent globules,  each  of  which  is  capable  of 
forming  a  distinct  image  of  any  object,  as  is 
the  case  with  flies,  butterflies,  and  other  in- 
sects. All  these  diversified  constructions  of 
the  organs  of  vision,  however,  perform  their 
functions  according  to  the  same  invariable 
laws  of  optics. 

But  although  light  must  act  on  the  eyes 
of  all  organized  beings  in  a  manner  somewhat 
similar,  or  at  least  analogous  to  what  it  does 
on  our  organs,  yet  there  may  be  certain  con- 
figurations of  the  organ  of  vision  by  which  a 
more  glorious  and  extensive  effect  is  produced 
than  by  the  human  eye.  The  inhabitants  of 
some  other  worlds,  instead  of  being  confined 
in  their  range  of  vision  as  we  are,  may  be  able 
to  penetrate  through  space  to  an  indefinite 
extent,  and  to  perceive  with  distinctness  all 
the  prominent  objects  connected  with  neigh- 
bouring worlds  ;  and  even  the  peculiarities  of 
distant  suns  and  systems  may  be  within  the 
range  of  their  view.  The  difference  between 
the  eye  of  an  insect,  which  sees  only  an  inch 
or  two  around  it,  and  the  eye  of  a  man,  which 
can  grasp  at  once  an  extensive  landscape,  is 
perhaps  as  great  as  the  difference  between  the 
vigour  and  extent  of  human  eyes  and  such 
organs  of  vision  as  I  have  now  supposed.  And 
who  shall  set  boundaries  to  the  mechanisms 
of  infinite  wisdom,  especially  when  we  con- 
sider the  varieties  which  exist  in  our  terres- 
trial system  ]  It  is  not  beyond  the  limits  of 
probability  that  an  inhabitant  of  Jupiter  may 
be  able  to  perceive  and  to  trace  all  the  varie- 
ty of  scenery  connected  with  Saturn,  and  its 
rings  and  satellites,  and  to  distinguish  the 
planets  that  revolve  around  other  suns,  as 
distinctly  as  we  perceive  with  a  telescope  the 
satellites  with  which  that  planet  is  attendea. 
We  have  experimental  proof  that  the  inven 
tions  of  art  can  extend  the  range  of  human 
vision.  The  rings  of  Saturn,  the  motions  of 
its  satellites,  the  changes  which  happen  in  the 
belts  of  Jupiter — which  no  unassisted  eye 
could  ever  have  discerned, — and  millions  of 
stars  a  thousand  times  more  distant  than  the 
limits  of  natural  vision,  have  been  brought  to 
view  by  the  invention  of  the  telescope ;  which 
shows  that  the  extent  of  human  vision  is  sus- 
ceptible of  an  indefinite  increase.  And  if 
man  can  thus  improve  his  natural  vision,  we 
need  not  doubt  that  the  Deity  has  infinite  re- 
sources at  his  command,  and  that  when  ho 
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pleases,  he  can  construct  visual  organs  of  such 
vast  and  extensive  powers  as  far  surpass  the 
limits  of  our  comprehension  ;  and  it  is  not  im- 
probable, from  the  variety  already  known  to 
exist,  that  such  organs  are  actually  to  be 
found  throughout  different  regions  of  the  uni- 
verse. Our  extent  of  vision  by  the  telescope 
is  found  to  depend  on  the  extent  of  area  con- 
tained in  the  object-glass,  or  speculum  of  that 
instrument,  which  enables  the  eye  to  take  in 
a  greater  portion  of  rays  from  distant  objects 
than  it  can  do  in  its  natural  state  ;  and  there- 
fore, if  our  eyes  were  formed  with  pupils  of 
a  large  dimension,  and  with  a  corresponding 
degree  of  nervous  sensibility  in  the  retina,  we 
might  be  enabled  to  penetrate  into  space  to 
an  extent  of  which  we  have  no  conception. 
Such  modifications  of  vision,  and  thousands 
of  others,  are  obviously  within  the  power  of 
Him  who  at  first  organized  all  the  tribes  of 
animated  existence. 

It  is  highly  probable  that  it  is  one  great  de- 
sign of  the  Creator  to  exhibit  to  all  intelligent 
beings  throughout  creation  a  visible  display  of 
his  glory  through  the  medium  of  their  visual 
organs ;  for  where  no  organs  of  vision  exist, 
the  wonderful  apparatus  for  the  production 
and  distribution  of  light  so  conspicuous 
throughout  the  universe,  exists  in  vain ;  and 
therefore,  if  it  be  allowed  to  reason  from  the 
means  to  the  end,  or  from  the  cause  to  the 
effect,  we  must  admit  that  the  universal  dif- 
fusion of  light  through  infinite  space,  from  an 
infinite  variety  of  bodies,  must  be  intended  to 
produce  vision  through  the  medium  of  organs 
similar  or  analogous  to  ours ;  in  order  that 
rational  beings  may  enjoy  the  pleasures  arising 
from  this  sense,  and  be  enabled  to  appreciate 
the  wonders  of  the  universe,  and  the  perfec- 
tions of  its  Creator.  The  variety  of  means 
and  contrivances  for  the  diffusion  of  light 
throughout  creation  is  therefore  a  demonstra- 
tive evidence  both  of  the  existence  of  intelli- 
gent beings  in  other  worlds,  and  that  they 
are  furnished  with  visual  organs  for  the  pur- 
pose of  contemplating  the  objects  which  it 
renders  visible. 

4.  The  inhabitants  of  other  worlds  are  in- 
vested with  locomotive  powers.  This  we  may 
infer  from  the  amplitude  of  space  which  every 
world  contains,  and  from  the  consideration 
that  they  are  social  beings,  and  hold  a  regular 
intercourse  with  each  other.  We  must,  in- 
deed, necessarily  suppose  that  there  are  no 
rational  beings  confined  to  one  spot  or  point 
of  space,  as  a  tree,  a  shrub,  or  any  other  vege- 
table ;  for  if  this  were  the  case,  there  could  be 
no  improvement  either  in  knowledge  or  in 
moral  action,  the  capacity  of  the  intellect 
could  never  be  expanded,  the  variety  of  beau- 
ties and  sublimities  which  distinguish  all  the 
works  of  God  could  never  be  properly  con- 


templated, most  of  tne  pleasures  peculiar  to 
an  intelligent  being  could  never  be  enjoyed, 
and  the  manifold  delights  which  flow  from 
social  intercourse  and  the  contemplation  of 
diversified  scenes  and  objects  could  never  be 
experienced.  The  supposition  of  an  incapa- 
city for  local  motion  is  therefore  inconsistent 
with  the  idea  of  a  rational  being,  and  almost 
involves  an  absurdity.  We  find,  moreover, 
that  in  many  of  the  planets,  particularly  in 
Jupiter  and  Saturn,  there  is  the  most  am- 
ple space  provided  for  exercising  the  powers  of 
locomotion ;  these  two  planets  containing  more 
4han  220  times  the  area  of  the  earth's  surface, 
which  affords  a  vast  field  for  excursion,  and 
for  observation  to  their  inhabitants.  These 
locomotive  powers  may  be  very  different  from 
those  of  man,  both  in  their  fleetness  and  in 
their  mode  of  operation.  We  have  reason  to 
believe  that  in  many  instances  they  will  far 
exceed  ours  in  swiftness,  and  in  the  ease  with 
which  they  may  be  performed  ;  for  if  birds 
and  flying  insects,  and  even  certain  quadru- 
peds, are  endowed  with  powers  of  motion  far 
more  swift  and  energetic  than  those  of  man, 
it  is  highly  probable  that  rational  and  social 
beings,  in  more  expansive  worlds  than  ours, 
are  capable  of  traversing  space  with  much 
more  ease  and  agility  than  the  human  inha- 
bitants of  our  globe,  otherwise  they  could  not 
be  supposed  for  ages  to  accomplish  a  survey 
of  the  world  in  which  they  dwell,  or  to  be- 
come acquainted  with  its  leading  features. 
Whether  such  motions,  however,  are  per- 
formed on  a  principle  analogous  to  that  on 
which  the  wings  of  birds  are  constructed,  or 
on  any  other  principle  to  us  unknown,  is  be- 
yond our  province  to  determine. 

5.  We  may  also  infer  that  the  inhabitants 
of  other  worlds  are  furnished  with  a  sense 
corresponding  to  the  organ  of  hearing,  and  a 
faculty  of  emitting  articulate  sounds.  With- 
out such  a  sense  and  faculty,  it  is  scarcely 
possible  to  conceive  that  social  intercourse, 
and  a  mutual  interchange  of  sentiment  and 
feeling  could  be  carried  on  to  any  extent,  or 
with  any  great  degree  of  pleasure  or  improve- 
ment, among  organized  beings.  Pure  spirits 
may  have  modes  of  intercourse  and  of  com- 
municating thought  peculiar  to  themselves, 
of  which  we  can  at  present  form  no  distinct 
conception  ;  but  organized  intelligences  must 
necessarily  have  some  material  mediums,  or 
faculties,  by  which  sentiments  and  emotions 
may  be  expressed  and  communicated.  Some 
of  the  planets  are  found  to  be  environed  with 
atmospheres;  and  as  air  is  rfie  medium  of 
sound  in  our  terrestrial  region,  it  doubtless 
serves  a  similar  purpose  in  other  worlds ;  and 
consequently  we  may  conclude  that  the  ani- 
mated beings  they  contain  are  furnished  with 
organs  for  the  perception  of  sounds  in  all  their 
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modulations.  In  the  representations  given  a  retinue  of  moons,  and  by  the  still  mort 
in  the  sacred  records  of  the  exercises  of  supe-  effulgent  splendour  emitted  from  the  spacious 
rior  beings,  they  are  exhibited  as  uttering  ar-  rings,  every  object  will  appear  enlightened 
ticulate  sounds,  and  joining  in  the  harmonies  and  distinctly  visible,  a  diversity  of  colouring 
of  music.  When  a  multitude  of  angels  de-  will  be  exhibited  by  the  diversity  of  reflected 
scended  on  the  plains  of  Bethlehem  to  rays  proceeding  from  the  different  moons  and 
announce  the  birth  of  Messiah  to  the  shep-  rings,  and  the  shadows  of  objects  will  be  in- 
herds,  they  uttered  articulate  sounds,  and  creased  and  blended  together,  and  thrown  in 
joined  in  musical  strains  which  struck  the  different  directions,  according  to  the  number 
ears  of  the  shepherds,  and  conveyed  a  distinct  and  relative  positions  of  the  nocturnal  lumi- 
impression  of  the  meaning  of  the  sentiments  naries  which  may  happen  to  be  above  their 
communicated  ;  which  circumstance  leads  us  horizon.  On  which  account,  I  should  be  dis- 
to  conclude,  that  superior  intelligences  in  posed  to  conclude  that  the  inhabitants  of  such 
other  regions  express  sentiments  and  emo-  planets  have  their  physical  constitutions  or- 
tions  in  a  manner  somewhat  similar  to  that  ganized  in  such  a  manner  by  Divine  Wisdom 
in  which  we  hold  intercourse  with  one  as  to  fit  them  for  perpetual  activity,  without 
another,  by  the  faculties  of  speech  and  standing  in  need  of  any  repose  similar  to  that 
hearing.  of  sleep. 

6.  It  might,  perhaps,  be  inferred  from  the        The  above  cursory  remarks  respecting  the 
rotation  of  the  planets  —  which  produces  the    physical  state    of  the   planetary  inhabitants 
alternations  of  light  and  darkness  —  that  their    have  been  deduced  chiefly  from  the  ascer- 
inhabitants  are  subject  to  something  analo-    tained  circumstances  and  phenomena  of  the 
gous  to  sleep,  or  stated  intervals  of  repose,    planets,  and  from  the  general  constitution  and 
This  may  probably  be  the  case  in  some  of  the    economy  of  the  universe.     Several  other  con- 
planets,  such  as  Mars  or  Mercury,  which  are    elusions  might  likewise  have  been  deduced, 
unaccompanied  with  satellites  ;  but  we  know    but  I  do  not  intend  to  enter  into  the  regions 
too  little  of  the   peculiar   circumstances   of    of  mere  conjecture.     As  rational  and  intelli- 
other  worlds  to  warrant  us  to  speak  decisively    gent  beings,  the  inhabitants  of  other  worlds 
on  this  point,  as  the  bodies  of  the  inhabitants    must  necessarily  be  considered  as  prosecuting 
of  other  planets  may  be  so  constructed  as  not    the  study  of  useful  science  in  reference  to  all 
to  stand  in  need  of  being  daily  invigorated  by    those  departments  of  nature  which  lie  open 
repose  as  the  bodies  of  men.     Besides,  the    to   their   inspection,   and  that  they  exercise 
celestial  scenery  of  some  of  the  planets  is  so    their  mental  faculties  in  such  pursuits  and 
grand,   diversified,   and   picturesque,   that   a    investigations.     If  this  be  admitted,  then  we 
considerable  part  of  their  studies  and  social    must  necessarily  conclude  that  they  use  all 
pleasures   may   be   prosecuted   and    enjoyed    the  requisite  means  for  the  investigation  of 
amidst   the   solemn   grandeur   and  beautiful    truth,  and  for  progressing  in  knowledge.     If, 
diversity  of  their  nocturnal  .scenes,  and  their    for  example,  they  engage  in  the   study  of 
contemplations  directed  to  the  interesting  ob-    astronomy  (as  we  have  reason  to  believe  the 
jects  then  presented  to  their  view.     This  is    inhabitants  of  all  worlds  do)  they  must  make 
probably  the  case  in  the  regions  of  Jupiter    observations,   both    general    and   particular  ; 
and  Uranus,  —  particularly  in  Saturn,  where    and  in  order  to  do  so  with  accuracy  and  pre- 
seven  moons  may  occasionally  be  beheld  in    cision,  instruments  of  various  descriptions  are 
the  nocturnal  heavens,  all  exhibiting  different   requisite,  and  the  management  of  these  re- 
phases,  —  some  of  them  changing  their  appa-    quires  the  use  of  hands,  or  some  bodily  parts 
rent  phases,   magnitude,    and    motion    with    answering  a  similar  purpose  ;  for  none  of  the 
great  rapidity  ;  some  of  them  entering  into    lower  animals  on  our  globe  that  are  deficient 
an  eclipse;    and  others  emerging   from   it;    in  such  a  member  could  perform  the  opera- 
while  two  stupendous  rings  stretch  across  the    tions  of  art  which  man  can  perform  by  the 
concave  of  the  sky,  presenting  every  moment   use  of  Ms  hands.     If  a  horse  or  a  bear  were 
different  objects  on  their  surface  in  the  course    furnished  with  the  same  intellectual  faculties 
of  their  rapid  diurnal  revolution.   Such  scenes    as  the  human  race,  and  still  retain  its  present 
will,  perhaps,  be  more  interesting  to  the  in-    organization,  it  could  make  little  or  no  pro- 
habitants  of  this  planet  than  all  the  splendours    gress  either  in  science  or  art,  without  mem- 
of  their  noonday  ;*   for  all  the  objects  on  the    bers   corresponding   to   human   hands  ;    and 
surface  of  this  planet,  and  likewise  those  on   therefore  we  may  confidently  conclude  that 
Jupiter  and  Uranus,  will  present  a  different    members  similar  or  analogous  to  these  are 
aspect  from  what  they   do  in  the  daytime,    common  to  us  and  to  the  planetary  inhabit- 
Being  illuminated  by  the  light  reflected  from   ants.     The  study  of  astronomy  likewise  sup- 

poses an  acquaintance  with  geometry.     The 
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region  of  the  universe,  and  perhaps  of  equal 
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utility  to  the  inhabitants  of  the  most  distant 
worlds  as  to  man  on  earth.  They  are  truths 
which  are  eternal  and  unchangeable,  and 
which  no  locality  or  circumstances  within  the 
limits  of  creation  can  possibly  alter  or  modify ; 
and  therefore  must  be  recognized,  in  a  greater 
or  less  degree,  by  every  rational  being.  The 
Creator  himself  has  laid  the  foundation  of  this 
science,  for  he  presents  us  in  his  works  with 
geometrical  figures  of  various  descriptions, — 
with  circles,  squares,  parallelograms,  hexagons 
and  polygons — with  ellipses,  spheres,  sphe- 
roids, and  other  figures,  and  proposes  them, 
as  it  were,  to  our  study  and  contemplation. 
With  geometry,  arithmetic  and  other  sciences 
are  intimately  connected,  so  that  the  study  of 
the  one  supposes  that  of  the  other.  In  short, 
truth,  and  every  branch  of  knowledge  by 
which  the  mind  of  a  rational  being  can  be 
adorned,  must  be  substantially  the  same  in 
every  world  throughout  the  amplitudes  of 
creation. 

Some  persons,  however,  may  be  disposed 
to  object,  that  the  inhabitants  of  other  worlds 
may  see  all  truths  intuitively,  and  that  they 
may  have  no  need  to  use  any  means,  as  we 
are  obliged  to  do,  to  acquire  and  to  make  pro- 
gress in  knowledge,  and  that  they  acquire  all 
their  knowledge  at  once  without  any  exer- 
tions,— opinions  which  have  been  frequently 
broached  by  divines,  in  reference  to  the  hap- 
piness of  the  future  world.  But  there  ap- 
pears no  foundation  for  such  opinions.  We 
have  reason  to  believe  that  every  intellectual 
being  throughout  creation  exerts  its  powers 
for  the  acquisition  of  truth,  and  that  its  ad- 
vancement in  knowledge  is  progressive  /  for 
its  faculties  were  bestowed  for  the  very  pur- 
pose that  they  might  be  exerted  on  all  the 
different  objects  and  manifestations  of  the 
Divinity  within  its  reach ;  and  if  all  know- 
ledge were  intuitive  and  required  no  exertion 
of  the  mental  faculty,  the  individual  would 
be  reduced  to  something  like  a  mere  machine, 
and  would  be  deprived  of  the  pleasures  which 
arise  from  mental  research  and  investigation. 
There  must  likewise  be  a  progress  in  know- 
ledge, arisiiig  from  the  consideration  of  the 
immensity  of  the  Divine  Being,  and  of  his 
works,  and  of  the  limited  nature  of  finite  in- 
telligences. No  finite  being  can  ever  grasp 
the  incomprehensible  Divinity,  or  the  immen- 
sity and  variety  of  his  operations  throughout 
boundless  space ;  but  it  may  always  be  ad- 
vancing to  a  more  comprehensive  view  of  the 
perfections  and  the  empire  of  the  Eternal, 
and  may  thus  go  on  from  one  degree  of  know- 
ledge to  another,  gradually  approximating 
towards  perfection  during  all  the  periods  of 
an  immortal  existence,  but  will  never  reach 
it ;  and  its  happiness  is  connected  with  this 
circumstance,  that  it  will  never  reach  perfec- 


tion, or  obtain  a  full  discovery  of  all  the 
glories  of  the  Divinity.  But  this  gradual 
progression  and  expansion  of  intellectual 
views  will  be  a  perennial  source  of  felicity  to 
all  virtuous  intelligences.  Whereas,  were 
the  whole  of  their  knowledge  acquired  at 
once,  or  after  a  short  period  of  duration, 
the  mind  would  flag,  mental  activity  would 
cease,  the  prospect  of  future  knowledge  and 
enjoyment  would  be  cut  off,  and  misery  to  a 
certain  extent  would  take  possession  of  the 
soul. 

In  fine,  although  there  are,  doubtless, 
marked  differences  between  the  planetary  in- 
habitants and  the  inhabitants  of  our  globe, 
and  although  the  natural  scenery  of  those 
worlds  may  be  considerably  different  from 
ours,  yet  it  is  not  improbable,  were  we  trans- 
ported to  those  abodes,  that  we  should  feel 
more  at  home  in  their  society  and  arrange- 
ments than  we  are  now  apt  to  imagine,  pro- 
vided we  were  once  made  acquainted  with 
their  language,  or  mode  of  communicating 
their  ideas.  For  there  are  certain  relations, 
sentiments,  dispositions,  and  virtues,  which 
must  be  common  to  intellectual  and  moral 
beings,  wherever  existing  throughout  the  ma- 
terial universe.  In  respect  to  bodily  stature 
and  appearance,  we  might  be  apt  to  suspect 
that  there  would  be  many  striking  differences 
in  the  aspect  of  the  inhabitants  of  another 
planet,  and  that  strange  and  novel  forms  of 
corporeal  organization  would  every  where  be 
presented  to  view ;  yet  it  is  just  as  probable 
that  in  such  a  world  we  should  contemplate 
beings  not  much  unlike  ourselves,  and  ani- 
mated by  similar  or  analogous  views,  senti- 
ments, and  feelings,  though  placed  in  cir- 
cumstances and  t,surrounded  with  a  scenery 
very  different  from  those  of  our  sublunary 
region. 

Whether  we  may  ever  enjoy  an  intimate 
correspondence  with  beings  belonging  to  other 
worlds,  is  a  question  which  will  frequently 
obtrude  itself  on  a  contemplative  mind.  It  is 
evident  that,  in  our  present  state,  all  direct 
intercourse  with  other  worlds  is  impossible. 
The  law  of  gravitation,  which  unites  all  the 
worlds  in  the  universe  in  one  grand  system, 
separates  man  from  his  kindred  spirits  in  other 
planets,  and  interposes  an  impassable  barrier 
to  his  excursions  to  distant  regions,  and  to 
his  correspondence  with  other  orders  of  intel- 
lectual beings.  But  in  the  present  state  he 
is  only  in  the  infancy  of  his  being  /  he  is 
destined  to  a  future  and  eternal  state  of  exist- 
ence, where  the  range  of  his  faculties  and  his 
connexions  with  other  beings  will  be  indefi- 
nitely expanded.  "A  wide  and  boundless 
prospect  lies  before  him,"  and  during  the  re- 
volutions of  an  interminable  duration,  he  will, 
doubtless,  be  brought  into  contact  and  corre«- 
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pondence  with  numerous  orders  of  kindred 
beings,  with  whom  he  may  be  permitted  to 
associate  on  terms  of  equality  and  of  endear- 
ing friendship.  All  the  virtuous  intelligences 
throughout  creation  may  be  considered  as 
members  of  one  great  family ',  under  the  pe- 
culiar care  and  protection  of  the  UNIVERSAL 
PAREKT  ;  and  it  is  not  improbable,  that  it  is 
one  grand  design  of  the  Deity  to  promote  a 
regular  and  progressive  intercourse  among  the 
several  branches  of  his  intelligent  offspring, 
though  at  distant  intervals  and  in  divers  man- 
ners, and  after  the  lapse  of  long  periods  of 
duration. 

Such  an  intercourse  may  be  necessary,  in 
order  to  the  full  expansion  of  the  moral  and 
intellectual  faculties,  and  to  the  acquisition  of 
all  that  knowledge  which  relates  to  the  attri- 
butes of  the  Divinity,  and  the  physical  and 
moral  government  of  the  universe.  For  this 
purpose  it  may  be  necessary  that  branches  of 
the  universal  family  that  have  existed  in  dif- 
ferent periods  of  duration,  and  in  regions 
widely  separated  from  each  other,  should  be 
brought  into  mutual  association,  that  they 
may  communicate  to  each  other  the  results 
of  their  knowledge  and  experience,  the  diver- 
sity of  physical  and  moral  circumstances  in 
which  they  have  been  placed,  and  the  differ- 
ent arrangements  of  God's  moral  government 
to  which  they  have  been  respectively  sub- 
jected. Such  views  correspond  with  the 
representations  given  in  Scripture  in  reference 
to  the  heavenly  state.  The  spirits  of  "just 
men  made  perfect"  are  represented  as  joining 
the  society  of  "  an  innumerable  company  of 
angels,"  which  are  only  another  order  of  ra- 
tional beings ;  and  in  the  visions  of  celestial 
bliss,  recorded  in  the  book  of  Revelation,  both 
men  and  the  angelic  hosts  are  exhibited  as 
forming  one  society,  and  joining  in  unison  in 
celebrating  the  perfections  of  Him  who  sitteth 
on  the  throne  of  the  universe. 

But  should  the  laws  of  the  physical  sys- 
tem, and  the  immense  distances  which  inter- 
vene between  the  several  worlds,  prevent  such 
associations  as  I  have  now  supposed,  there 
may  be  another  economy,  superior  to  the  phy- 
sical, which  may  consist  with  the  most  exten- 
sive and  intimate  intercourse  of  all  rational 
and  virtuous  beings.  There  may  be  a  spirit- 
ual economy  established  in  the  universe,  of 
which  the  physical  structure  of  creation  is  the 
basis  or  platform,  or  the  introductory  scene  in 
which  rational  beings  are  trained  and  pre- 
pared for  being  members  of  the  higher  order 
of  this  celestial  or  intellectual  economy.  It 
appears  highly  probable  that  the  first  intro- 
duction of  every  rational  creature  into  exist- 
ence is  on  the  scene  of  a  physical  economy. 
The  diversified  scenes  and  relations  of  the 
material  world  appear  to  be  necessary,  in  the 
'664) 


infancy  of  being,  to  form  a  subtratum  for 
thought,  or  to  afford  scope  for  the  exercise  of 
the  moral  and  intellectual  powers,  or  materials 
on  which  these  powers  may  operate,  and  like- 
wise for  exhibiting  a  sensible  display  of  the 
character  and  perfections  of  the  Almighty. 
The  knowledge  which  may  thus  be  acquired 
of  the  scenes  and  relations  of  the  universe, 
and  the  attributes  and  moral  government  of 
its  Omnipotent  Author,  in  the  course  of  my- 
riads of  ages,  must  be  great  and  extensive 
beyond  what  we  can  well  conceive.  This 
knowledge  and  experience  of  physical  objects 
and  relations  may  prepare  the  rational  soul 
for  entering  on  the  confines  of  a  higher  and 
nobler  economy,  where  immaterial  scenes 
and  relations,  and  particularly  the  attributes 
of  Divinity,  abstractly  considered,  may  form 
the  chief  objects  of  research  and  contempla- 
tion. Under  such  a  state  of  economy,  we 
may  conceive  that  intellectual  beings,  to  what- 
ever portion  of  the  material  universe  they 
originally  belonged,  may  hold  the  most  inti- 
mate converse  with  one  another,  by  modes 
peculiar  to  that  economy,  and  which  are  be- 
yond the  conceptions  of  the  inhabitants  of  the 
physical  universe ;  so  that  distance  in  point 
of  space  shall  form  no  insuperable  carrier  to 
the  mutual  communication  of  sentiments  and 
emotions. 

On  grounds  similar  to  those  now  stated, 
we  might  conceive  it  as  not  altogether  impro- 
bable, that  the  spiritual  principle  which  ani- 
mates the  lower  orders  of  animated  nature, 
and  which  in  some  cases  bears  a  near  resem- 
blance to  the  reason  of  man,  may  be  suscep- 
tible of  indefinite  expansion  and  improvement 
by  being  connected  with  a  superior  organiza- 
tion, and  that  such  beings  may  ultimately 
pass  through  various  gradations  of  rank  in 
the  physical  and  intellectual  economy,  till 
they  arrive  at  a  station  superior  to  that  of  the 
most  enlightened  and  improved  human 
beings.  But  as  we  are  now  bordering  on 
the  regions  of  doubt  and  uncertainty,  suffice 
it  to  say,  that  it  appears  highly  probable, 
from  a  consideration  of  the  Divine  benevo- 
lence, of  the  relations  which  subsist  throughout 
the  physical  and  intelligent  system,  and  of 
the  intimations  contained  in  the  records  of 
revelation,  that  virtuous  and  holy  intelli- 
gences, from  different  regions  of  the  material 
creation,  as  brethren  of  the  same  great  family, 
shall,  at  one  period  or  another,  hold  the  most 
intimate  converse  and  communion,  and  re- 
hearse to  each  other  their  mutual  history  and 
experience.  Such  intercourse  would  evi- 
dently enhance  that  felicity  which  it  is  the 
great  design  of  the  Creator  to  communicate, 
and  the  means  by  which  it  may  be  effected 
are  obviously  within  the  limits  of  infinite 
Wisdom  and  Omnipotence. 
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On  the  Moral  State  of  the  Inhabitants  of 
other  Worlds.  + 

The  moral  state  of  intellectual  beings  in 
other  worlds  is  a  subject  of  still  greater  inte- 
rest and  importance  than  their  physical  state 
and  constitution,  and  the  scenes  of  nature 
with  which  they  are  surrounded ;  for  on  the 
moral  temperament  of  such  beings,  and  the 
passions  and  affections  they  display,  will 
chiefly  depend  the  happiness  of  the  intelligent 
system  throughout  every  region  of  the  uni- 
verse. It  is  possible  to  suppose  a  region  of 
creation  furnished  with  •  every  thing  that  is 
grand,  beautiful  and  magnificent,  and  calcu- 
lated to  gratify  in  the  highest  degree  the 
senses  and  imagination,  and  yet  the  abode  of 
wretchedness  and  misery.  If  passions  and 
dispositions  similar  to  those  which  actuate  the 
most  vicious  and  depraved  class  of  mankind 
were  universally  to  prevail  in  any  world, 
however  beautiful  and  sublime  its  physical 
arrangements,  true  happiness  would  be  ba- 
nished from  its  society,  and  misery,  in  all  its 
diversified  ramifications,  would  be  found  per- 
vading its  abodes.  Even  the  tempers  and 
dispositions  which  are  frequently  exhibited  in 
polished  society,  and  by  some  men  who  call 
themselves  Christians  and  philosophers, — 
jealousy,  emulation,  envy,  pride,  revenge, 
selfishness,  and  such  like, — were  they  to  reign 
uncontrolled  in  any  region,  would  soon  trans- 
form intellectual  beings  into  an  assemblage  of 
fiends,  and  banish  true  enjoyment  from  every 
department  of  the  social  system. 

If  these  sentiments  be  admitted,  it  will  fol- 
low, that  were  we  permitted  to  range  through 
any  of  the  planetary  worlds,  the  pleasures 
and  enjoyments  of  such  an  excursion  would 
chiefly  depend  on  the  character  and  disposi- 
tions of  those  who  accompanied  us,  and  of 
the  inhabitants  of  the  planet  through  which 
we  roamed.  Were  we  to  be  treated  by  the 
inhabitants  of  another  world  in  ths  same  way 
as  Mr.  Park  was  treated  by  the  Moors  when 
he  was  traversing  the  wilds  of  Africa,  or  as  a 
poor  wretched  foreigner  is  sometimes  treated 
in  our  own  country,  we  should  find  little  en- 
joyment amidst  all  the  beauties  and  novelties 
of  scenery  which  might  meet  our  eye  in  such 
a  world,  for  upon  the  affections  and  conduct 
of  intelligent  beings  towards  one  another 
must  depend  the  happiness  of  individuals,  and 
of  the  whole  social  system  throughout  every 
department  of  creation. 

It  is  probable  that  the  greater  part  of  the 
inhabitants  of  all  worlds  are  in  a  state  of  in- 
nocence, or,  in  other  words,  that  they  remain 
in  that  state  of  moral  rectitude  in  which  they 
were  created;  for  we  may  assume  it  as  an 
axiom  that  e-'ery  rational  being,  when  first 
ushered  into  existence,  is  placed  in  a  state  of 
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innocence  or  moral  rectitude,  without  any 
natural  bias  to  moral  evil.  To  suppose  the 
contrary  would  be  to  admit  that  the  Divine 
Being,  who  is  possessed  of  perfect  holiness 
and  rectitude,  infuses  into  rational  beings  at 
their  creation  a  principle  of  sin,  or  a  tendency 
to  moral  evil,  which  would  be  inconsistent 
with  every  scriptural  view  we  can  take  of  the 
character  of  God.  Such  beings,  therefore,  so 
long  as  they  continue  in  their  primeval  recti- 
tude, are  in  a  state  of  happiness ;  and  every 
arrangement  of  the  Creator  in  relation  to 
them  must  be  conceived  as  having  a  direct 
tendency  to  promote  their  sensitive  and  in- 
tellectual enjoyment.  Moral  evil,  however, 
has  been  introduced  into  the  universe,  and 
we  know  by  experience  many  of  its  malignant 
and  miserable  effects.  For  any  thing  we 
know  to  the  contrary,  the  operation  of  this 
principle  may  be  felt  in  some  other  worlds 
besides  our  own,  though  we  have  reason  to 
believe,  from  a  consideration  of  Divine  good- 
ness, that  its  effects  are  not  very  extensive. 
Its  introduction  into  the  world  has  doubtless 
been  permitted  in  order  to  bring  about  a 
greater  good  to  the  universe  at  large  than 
could  have  been  accomplished  without  it,  in 
order  to  exhibit  to  the  intelligent  system  a 
display  of  the  miserable  arid  extensive  effects 
which  necessarily  flow  from  a  violation  of  the 
original  moral  laws  given  forth  by  the  Crea- 
tor, and  to  demonstrate  the  indispensable 
necessity  of  a  universal  adherence  to  these 
laws,  in  order  to  secure  the  harmony  and  the 
happiness  of  the  intelligent  universe. 

In  conformity  to  the  axiom  stated  above, 
we  must  necessarily  suppose  that  rational  be- 
ings, wherever  existing,  were  created  in  per- 
fect moral  purity,  and  had  a  law  or  laws  im- 
pressed upon  their  minds  congenial  to  the 
holiness  of  the  Almighty  Creator,  and  cal- 
culated to  promote  the  moral  order  of  the 
intelligent  system,  and  consequently  the 
happiness  of  every  individual  belonging  to  it. 
Moral  order  consists  in  the  harmonious 
arrangement,  disposition,  and  conduct  of  in- 
telligent beings,  corresponding  to  the  relations 
in  which  they  stand  to  one  another  and  to 
their  Creator,  and  calculated  to  promote  their 
mutual  happiness.  Wherever  moral  order 
prevails,  every  being  holds  its  proper  station 
in  the  universe,  acts  according  to  the  nature 
of  that  station,  uses  its  faculties  for  the  pur- 
pose for  which  they  were  originally  intended, 
displays  dispositions  and  emotions  towards 
fellow-creatures  and  the  Creator  correspond- 
ing to  the  respective  relations  in  which  they 
stand,  and  endeavours  to  promote  enjoyment 
among  all  surrounding  beings.*  For  the 

*  For  a  particular  illustration  of  moral  order, 
the  reader  is  referred  to  "  The  Philosophy  of  Re- 
ligion," Preliminary  Definitions,  sect.  i. 
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purpose  of  securing  moral  order,  certain 
moral  laws  amst  be  supposed  to  be  promul- 
gated by  the  Creator,  or  at  least  written  upon 
the  hearts  of  all  rational  beings,  as  principles 
of  action,  to  regulate  all  the  movements  of 
the  intelligent  system.  These  laws  mustf be  sub- 
stintially  the  same  as  to  their  general  bearings 
th.  Dughout  all  the  worlds  in  the  universe. 

But,  it  may  be  asked,  what  are  those 
general  laws  to  which  I  allude,  and  have  they 
ever  been  promulgated  to  man  upon  earth  1 
I  answer,  they  have  actually  been  revealed  to 
the  inhabitants  of  our  globe  by  the  highest 
authority,  and  reason  can  demonstrate  their 
applicability  to  all  worlds.  They  are  these — 

"  THOU  SHALT  LOVE  THE  LoHD  THT  GoD 
WITH  ALL  THT  HEART,  AND  WITH  ALL  THT 
MISD,  AND  WITH  ALL  THT  STRENGTH.  This 

is  the  first  and  great  commandment.  And 
the  second  is  like  unto  it:  THOU  SHALT  LOVE 

THT  NEIGHBOUR  AS  THTSELF."       These  laws 

are  not  to  be  considered  as  confined  merely 
to  the  regulation  of  the  affections  and  actions 
of  human  beings,  but  to  every  individual  of 
the  moral  system,  wherever  existing ;  for  we 
cannot  for  a  moment  suppose  that  laws  di- 
rectly opposite  to  these  would  be  given  by  the 
Creator  to  any  class  of  intelligences.  It  would 
be  inconsistent  with  every  thing  we  know  of 
the  character  of  the  Divinity  to  imagine  that 
he  would  promulgate  to  any  class  of  beings 
such  laws  as  these : — "  Thou  shalt  hate  thy 
Creator,"  and  "  thou  shalt  hate  all  thy  fellow- 
creatures."  And  if  such  an  idea  would 
evidently  involve  in  it  a  glaring  inconsistency 
and  absurdity,  then  it  follows  that  the  very 
opposite  of  such  injunctions  must  be  the 
general  principles  which  govern  the  inhabit- 
ants of  all  worlds  that  have  retained  their 
allegiance  to  their  Creator.  There  is  not  a 
single  being  possessed  of  a  rational  nature, 
either  in  the  planetary  system  to  which  we 
belong  or  to  any  other  system  throughout  the 
sidereal  heavens,  but  is  under  indispensable 
obligations  to  regulate  its  conduct  by  the  two 
general  laws  or  principles  to  which  we  have 
referred,  and  to  yield  a  complete  and  unre- 
served obedience  to  all  that  is  included  in 
such  requisitions.  Wherever  such  obedience 
is  complete,  order,  harmony,  and  happiness 
are  the  natural  and  necessary  results;  but 
could  we  suppose  these  laws  reversed,  and 
the  inhabitants  of  any  worlds  to  act  on  prin- 
ciples directly  opposite,  a  scene  of  anarchy, 
confusion,  and  misery  would  ensue,  which 
would  completely  disorganize  the  social  sys^ 
tern,  and  render  existence  a  curse  rather  than 
a  blessing ;  and  in  worlds  where  those  laws 
are  partially  violated,  as  in  the  world  in 
which  we  dwell,  disorder  and  misery  will  be 
the  result  in  proportion  to  the  frequency  and 
extent  of  their  violation. 
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These  are  the  laws  by  which  not  only  man 
on  earth,  but  all  "the  principalities  and 
powers  of  heaven,''  are  governed  and  directed, 
and  by  which  they  are  bound  to  regulate  all 
their  thoughts,  affections,  and  conduct.  The 
lowest  orders  of  rational  existence  come  with- 
in the  range  of  these  universal  laws,  and  the 
highest  orders  of  the  seraphim  are  not  be- 
yond their  control.  As  the  law  of  gravitation 
extends  its  influence  throughout  all  the 
planetary  worlds,  and  even  to  the  remotest 
stars,  uniting  the  whole  in  one  harmonious 
system,  so  the  law  of  universal  love  diffuses 
its  influence  over  the  intelligent  universe, 
uniting  the  individuals  who  are  subject  to  its 
sway  in  one  harmonious  and  happy  associa- 
tion. Hence  it  follows,  that  were  we  com- 
pletely animated  by  this  noble  principle,  and 
were  we  permitted  to  visit  those  worlds  where 
it  reigns  supreme,  and  to  mingle  with  their 
inhabitants,  we  should  be  recognized  as  friends 
and  brethren,  and  participate  of  all  those 
pleasures  and  enjoyments  of  which  it  is  the 
source.  The  full  recognition,  then,  of  the 
laws  to  which  we  have  referred,  and  their 
complete  and  uninterrupted  influence  over 
the  moral  powers,  may  be  considered  as  quali- 
fying the  individual  for  being  a  citizen  of  the 
great  moral  universe,  and  for  associating  with 
all  holy  beings  throughout  the  wide  empire 
of  omnipotence,  should  he  ever  be  permitted, 
at  any  period  of  duration,  to  visit  other  worlds, 
and  mingle  with  other  orders  of  rational  in- 
telligences.* 

These  laws,  in  reference  to  the  inhabitants 
of  our  world,  diverge  into  numerous  ramifica- 
tions. The  precepts  of  the  moral  law,  or  the 
ten  commandments,  are  so  many  branches  of 
moral  duty  flowing  from  these  first  principles ; 
and  in  the  discourses  of  our  Saviour  and  the 
practical  parts  of  the  apostolic  epistles  they 
diverge  into  still  more  specific  and  minute 
ramifications,  bearing  upon  all  the  diversified 
relations  of  life  and  the  various  circumstances 
connected  with  moral  conduct.  But  all  the 
particular  rules  and  precepts  alluded  to  arc 
resolvable  into  the  general  principles  or  affec- 
tions stated  above,  and  bear  the  same  rela- 
tions to  each  other  as  the  trunk  of  a  tree  to 
its  branches,  or  as  a  fountain  to  the  diversified 
streams  which  it  sends  forth.  In  other  worlds 
relations  may  exist  different  from  those  which 
are  found  in  human  society,  and  consequently 
particular  precepts  different  from  ours  may 
form  a  part  of  their  moral  code,  while  certain 
relations  which  obtain  among  us  may  have 
no  place  among  other  orders  of  beings,  and 
of  course,  the  precepts  which  particularly 
bear  upon  such  relations  will  be  in  their  cir- 

*  For  more  particular  details  on  this  subject, 
the  reader  is  referred  to  "The  Philosophy  of  Re- 
ligion," particularly  chap.  ii.  sect.  vi. 
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cumstanoes  altogether  unnecessary.  But  we 
may  rest  assured  that  all  the  particular  pre- 
cepts, applicable  to  whatever  circumstances 
and  relations  may  exist  in  other  regions  of 
creation,  will  be  founded  on  the  universal 
principles  to  which  we  have  adverted,  and  be 
completely  conformable  to  their  spirit,  and  to 
the  benevolent  designs  they  are  intended  to 
accomplish. 

In  all  those  worlds  where  the  love  of  God 
and  of  fellow-intelligences  reigns  supreme,  the 
inhabitants  may  be  conceived  to  make  rapid 
improvements  in  knowledge ;  for  the  malig- 
nant principles  and  passions  which  prevail 
among  men  have,  in  numerous  instances, 
been  the  means  of  retarding  the  progress  of 
useful  science  and  its  diffusion  throughout 
society.  But,  where  love  in  all  its  emanations 
pervades  evftry  mind,  society  will  unite  and 
harmonize  in  the  prosecution  of  every  plan 
by  which  the  intellectual  faculty  may  be 
irradiated  and  happiness  diffused.  Besides, 
in  such  a  state  of  society,  truth  will  be  for 
ever  triumphant  and  falsehood  unknown. 


Every  fact  will  be  fairly  and  truly  exhibited 
without  deception,  or  the  least  tendency  to 
misrepresentation  or  exaggeration.  There 
will  be  the  most  complete  reliance  on  personal 
evidence  in  regard  to  every  fact  and  circum- 
stance which  has  been  witnessed  by  any  in- 
dividuals ;  for  want  of  which  confidence  in 
our  world,  the  rational  inquirer  has  been  per- 
plexed by  the  jarring  statements  of  lying 
travellers  and  pretended  philosophers ;  erro- 
neous theories  have  been  framed,  the  mists  of 
falsehood  have  intercepted  the  light  of  truth, 
the  foundations  of  true  knowledge  under- 
mined, and  science  arrested  in  its  progress 
towards  perfection.  All  such  evils,  however, 
will  be  unknown  in  worlds  where  the  inhabit- 
ants have  arrived  at  moral  perfection. 

In  fine,  from  what  has  been  now  stated, 
we  may  conclude  that  the  spirit,  the  prin- 
ciple^ and  essence  of  our  holy  religion,  as 
delineated  in  the  Scriptures,  must  be  common 
to  all  the  inhabitants  of  the  universe  who 
have  retained  their  primeval  rectitude  and 
innocence. 


CHAPTER  XIX. 

Ji  Summary  View  of  the  Universe. 


HAVING  in  the  preceding  pages  afforded  a 
few  sketches  in  reference  to  the  principal 
facts  connected  with  the  sidereal  heavens, 
which  constitute  the  most  extensive  portion 
of  creation  within  the  limits  of  our  know- 
ledge, it  may  not  be  inexpedient  to  take  a 
summary  view  of  the  range  of  objects  to  which 
our  attention  has  been  directed,  in  order  to 
direct  our  occasional  reflections  on  this  sub- 
ject, and  to  enable  us  to  form  an  approximate, 
though  faint  and  limited,  idea  of  that  universe 
over  which  Omnipotence  presides,  and  of  the 
perfections  of  its  adorable  Author. 

We  can  obtain  an  approximate  idea  of  the 
universe  only  by  commencing  a  train  of 
thought  at  those  objects  with  which  we  are 
more  immediately  conversant,  and  ascending 
gradually  to  objects  and  scenes  more  distant 
and  expansive.  We  are  partly  acquainted 
with  the  objects  which  constitute  the  land- 
scape around  us,  of  which  we  form  a  part, — 
the  hills,  the  plains,  the  lofly  mountains,  the 
forests,  the  rivers,  the  lakes,  and  the  portions 
of  the  ocean  that  lie  immediately  adjacent. 
But  a!'  the  range  of  objects  we  can  behold 
in  an  ordinary  landscape  forms  but  a  very, 
small  and  inconsiderable  speck,  compared  with 
the  whole  of  the  mighty  continents  and  islands, 
the  vast  ranges  of  lofty  mountains,  and  the 
expansive  lakes,  seas,  and  oceans  which  con- 
stitute the  surface  of  the  terraqueous  globe. 


It  would  be  requisite  that  more  than  nine 
hundred  thousand  landscapes,  of  the  extent 
we  generally  behold  around  us,  should  be 
made  to  pass  in  review  before,  and  a  sufficient 
time  allowed  to  take  a  distinct  view  of  the 
objects  of  which  they  are  composed,  ere  we 
could  form  an  adequate  conception  of  the 
magnitude  and  the  immense  variety  of  objects 
on  the  whole  earth.  Were  only  twenty  mi- 
nutes allotted  for  the  contemplation  of  every 
landscape,  and  ten  hours  every  day,  it  would 
require  ninety  years  of  constant  observation 
before  all  the  prominent  objects  on  the  surface 
of  the  globe  could  thus  be  surveyed.  Were 
it  possible  to  take  a  distinct  mental  survey  of 
such  a  number  of  landscapes,  we  might  ac- 
quire a  tolerable  conception  of  the  amplitude 
of  our  globe,  and  it  would  serve  as  a  standard 
of  comparison  for  other  globes  which  far  ex- 
cel it  in  magnitude.  But  I  believe  very  few 
persons  are  capable  of  forming,  at  one  con" 
ception,  a  full  and  comprehensive  idea  of  the 
superficial  extent  of  the  world  iji  which  we 
dwell,  whose  surface  contains  no  less  than 
one  hundred  and  ninety-seven  millions  of 
square  miles.  The  most  complete  conception 
we  can  form  must  indeed  fall  very  far  short 
of  the  reality. 

But  however  ample  and  correct  our  con- 
ceptions might  be,  and  howt'er  groat  thia 
earth  might  appear  in  the  vkw  of  ihe  frail 
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beings  that  inhabit  it,  we  know  that  it  is  only 
an  inconsiderable  ball,  when  compared  with 
some  of  the  planetary  bodies  belonging  to  our 
own  system.  One  of  these  bodies  would  contain 
within  its  dimensions  nine  hundred  globes  as 
large  as  this  earth, — another,  fourteen  hun- 
dred of  similar  globes  ;  and  were  five  hundred 
globes,  as  large  as  that  on  which  we  dwell, 
arranged  on  a  vast  plane,  the  outermost  ring 
of  the  planet  Saturn,  which  is  643,000  miles 
in  circumference,  would  inclose  them  all. 
Such  are  the  vast  dimensions  of  some  of  those 
bodies,  which  appear  only  like  lucid  specks 
on  the  concave  surface  of  our  sky.  This 
earth,  however,  and  all  the  huge  planets,  satel- 
lites, and  comets,  comprised  within  the  range 
of  the  solar  system,  bear  a  very  small  propor- 
tion to  that  splendid  luirfinary  which  enlightens 
our  day.  The  sux  is  five  hundred  times 
larger  than  the  whole,  and  would  contain 
within  its  vast  circumference  thirteen  hun- 
dred thousand  globes  as  large  as  our  world, 
and  more  than  sixty  millions  of  globes  of  the 
size  of  the  moon.  To  contemplate  all  the 
variety  of  scenery  on  the  surface  of  this  lumi- 
nary, would  require  more  than  fifty-five 
thousand  years,  although  a  landscape  of  five 
thousand  square  miles  in  extent  were  to  pass 
before  our  eyes  every  hour.  Of  a  globe  of 
such  dimensions,  the  most  vigorous  imagina- 
tion, after  its  boldest  and  most  extensive  ex- 
cursions, can  form  no  adequate  conception. 
It  appears  a  kind  of  universe  in  itself;  and 
ten  thousands  of  years  would  be  requisite  be- 
fore human  beings,  with  their  present  faculties, 
could  thoroughly  investigate  and  explore  its 
vast  dimensions  and  its  hidden  wonders. 

But  great  as  the  sun  and  his  surrounding 
planets  are,  they  dwindle  into  a  point  when 
we  wing  our  flight  towards  the  starry  firma- 
ment. Before  we  could  arrive  at  the  nearest 
object  in  this  firmament,  we  behoved  to  pass 
over  a  space  at  least  twenty  billions  of  miles 
in  extent, — a  space  which  a  cannon  ball,  fly- 
ing with  its  utmost  velocity,  would  not  pass 
over  in  less  than  four  millions  of  years.  Here 
every  eye  in  a  clear  winter's  night  may  be- 
hold about  a  thousand  shining  orbs,  most  of 
them  emitting  their  splendours  from  spaces 
immeasurably  distant;  and  bodies  at  such 
distances  must  necessary  be  of  immense  mag- 
nitude. There  is  reason  to  believe  that  the 
least  twinkling  star  which  our  eyes  can  dis- 
cern is  not  less  than  the  sun  in  magnitude 
and  in  splendour,  and  that  many  of  them  are 
even  a  hundred  or  a  thousand  times  superior 
in  magnitude  to  that  stupendous  luminary. 
But  bodies  of  such  amazing  size  and  splendour 
cannot  be  supposed  to  have  been  created  in» 
vain,  or  merely  to  diffuse  a  useless  lustre  over 
the  wilds  of  immensity.  Such  an  idea  would 
be  utterly  inconsistent  with  the  perfections  of 


the  Divinity,  and  all  that  we  know  of  his  cha- 
racter from  the  revelations  of  his  word.  If 
this  earth  would  have  been  "  created  in  vain" 
had  it  not  been  inhabited,*  so  those  starrj 
orbs,  or,  in  other  words,  those  magnificent 
suns  would  likewise  have  been  created  in 
vain,  if  retinues  of  worlds  and  myriads  of  intel- 
ligent beings  were  not  irradiated  and  cheered 
by  their  benign  influence. 

These  thousand  stars,  then,  which  the  un- 
assisted eye  can  perceive  in  the  canopy  of 
heaven,  may  be  considered  as  connected  with 
at  least  fifty  thousand  worlds  ,•  compared 
with  the  amount  of  whose  population  all  the 
inhabitants  of  our  globe  would  appear  only 
as  "  the  smallest  dust  of  the  balance."  Here 
the  imagination  might  expatiate  for  ages  of 
ages  in  surveying  this  portion  of  the  Creator's 
kingdom,'  and  be  lost  in  contemplation  and 
wonder  at  the  vast  extent,  the  magnitude,  the 
magnificence,  and  the  immense  variety  of 
scenes,  objects,  and  movements  which  would 
meet  the  view  in  every  direction ;  for  here  we 
have  presented  to  the  mental  eye,  not  only 
single  suns  and  single  systems,  such  as  that 
to  which  we  belong,  but  suns  revolving  around 
suns,  and  systems  arpund  systems, — systems 
not  only  double,  but  treble,  quadruple,  and 
multiple,  all  in  complicated  but  harmonious 
motion,  performing  motions  more  rapid  than 
the  swiftest  planets  in  our  system,  though 
some  of  them  move  a  hundred  thousand  miles 
every  hour, — finishing  periods  of  revolution, 
some  in  30,  some  in  300,  and  some  in  1600 
years.  We  behold  suns  of  a  blue  or  green 
lustre  revolving  around  suns  of  a  white  or  a 
ruddy  colour,  and  both  of  them  illuminating 
with  contrasted  coloured  light  the  same  assem- 
blage of  worlds.  And  if  the  various  orders 
of  intelligences  connected  with  these  systems 
were  unveiled,  what  a  scene,  of  grandeur, 
magnificence,  variety,  diversity  of  intellect, 
and  of  wonder  and  astonishment,  would  burst 
upon  the  view!  Here  we  might  be  apt  to 
imagine  that  the  whole  glories  of  the  Creator's 
empire  have  been  disclosed,  and  that  we  had 
now  a  prospect  of  universal  nature  in  all  its 
extent  and  grandeur. 

But  although  we  should  have  surveyed  the 
whole  of  this  magnificent  scene,  we  should 
still  find  ourselves  standing  only  on  the  out- 
skirts, or  the  extreme  verge  of  creation. 
What  if  all  the  stars  which  the  unassisted  eye 
can  discern  be  only  a  few  scattered  orbs  on 
the  outskirts  of  a  cluster  immensely  more  nu- 
merous 1  What  if  all  this  scene  of  grandeur 
be  only  as  a  small  lucid  speck  compared  with 
the  whole  extent  of  the  firmament  1  There 
is  demonstrative  evidence  from  observation 
that  this  is  in  reality  the  case.  In  one  -ucid 
circle  in  the  heavens,  scarcely  perceptible  on  a 
*  Isaiah  xlv.  18. 
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cursory  view  <,f  the  firmament,  there  are  twen- 
ty thousand  times  more  stars  distinguishable 
by  the  telescope  than  what  the  naked  eye  can 
discern    throughout   the   visible    canopy   of 
heaven.     The  Milky  Way,  were  it  supposed 
to  contain  the  same  number  of  stars  through- 
out its  whole  extent  as  have  been  observed  in 
certain  portions  of  it,  would  comprise  no  less 
than  20,191,000  stars;  and  as  each  of  these 
stars   is  doubtless  a  sun,  if  we  suppose  only 
fifty  planets  or  worlds  connected  with   each, 
we  shall  have  no  less  than  1,009,550,000,  or 
more  than  a  thousand  millions  of  worlds  con- 
tained within  the  space  occupied  by  this  lucid 
rone.     Here  an  idea  is  presented  which  com- 
pletely overpowers  the  human  faculties,  and 
at  which  the  boldest  imagination  must  shrink 
back  at  any  attempts  to  form  an  approximate 
conception.     A  thousand  millions  of  worlds! 
We  may  state  such  a  fact  in  numbers  or  in 
words,  but  the  brightest  and  most  expansive 
human  intellect  must  utterly  fail  in  grasping 
all  that  is  comprehended  in  this  mighty  idea ; 
and  perhaps  intelligences  possessed  of  powers 
far  superior  to  those  of  man  are  inadequate  to 
form  even  an  approximate  conception  of  such 
a  stupendous  scene.     Yet  this  scene,  magnifi- 
cent and  overpowering  as  it  is  to  limited  minds 
such  as  ours,  is  not  the  scene  of  the  universe ; 
it  is  only  a  comparatively  insignificant  speck 
in  the  map  of  creation,  which  beings  at  re- 
mote distances  may  be  unable  to  detect  in  the 
canopy  of  their  sky,  or  at  most  will  discern  it 
only  as  an  obscure  point  in  the  furthest  ex- 
tremities of  their  view,  as  we  distinguish  a 
faint  nebulous  star  through  our  best  telescopes. 
Ascending  from  the  Milky  Way  to  the  still 
remoter  regions  of  space,  we  perceive  several 
thousands  of  dim  specks  of  light  which  power- 
ful telescopes  resolve  into  immense  clusters 
of  stars.     These  nebulas,  as  they  are  called, 
may  be  considered  as  so  many  milky  ways, 
and  some  of  them  are  supposed  even  to  "  out- 
vie our  Milky  Way  in  grandeur."  Above  three 
thousand  of  these  nebulae  have  been  discovered ; 
and  if  only  two  thousand  be  supposed  to  be 
resolvable  into  starry  groups,  and  to  be  as  rich 
in  stars  at  an   average   as  our  Milky  Way, 
then  we    are  presented  with  a  scene  which 
comprises  2000  times  20,191,000,  or  40,382,- 
000,000,  that  is,  more  than  forty  thousand 
millions  of  stars.     And  if  we  suppose,  as  for- 
merly, fifty  planetary  globes  to  be  connected 
with   each,  we   have   exhibited   before  us  a 
prospect  which  includes  2,019,100,000,000, 
or  two  billions,  nineteen  thousand  one  hun- 
dred millions  of  worlds.     Of  such  a  number 
of  bodies  we  can  form  no  distinct  conception, 
and  much  less  can  we  form  even  a  rude  or 
approximate  idea  of  the  grandeur  and  mag- 
nificence which  the  whole  of  such  a  scene 
must  display.     Were  we  to  suppose  each  of 


these  bodies  to  pass  in  review  before  us  every 
minute,  it  would  require  more  than  three  mil- 
lions, eight  hundred  and  forty  thousand  years 
of  unremitting  observation  before  the  whole 
could  be  contemplated  even  in  this  rapid  man- 
ner. Were  an  hour's  contemplation  allotted 
to  each,  it  would  require  two  hundred  and 
thirty  millions,  four  hundred  thousand  years 
till  all  the  series  passed  under  review;  and 
were  we  to  suppose  an  intelligent  being  to 
remain  fifty  years  in  each  world  for  the  pur- 
pose of  taking  a,  more  minute  survey  of  its  pe- 
culiar scenery  and  decorations,  100,955,000,- 
000,000,  or  a  hundred  billions,  nine  hundred 
and  fifty-five  thousand  millions  of  years  would 
elapse  before  such  a  survey  could  be  com- 
pleted ;  a  number  of  years  which  to  limited 
minds  seem  to  approximate  to  something  like 
eternity  itself. 

Still,  all  this  countless  assemblage  of  suns 
and  worlds  is  not  the  universe.     Although 
we  could  range  on  the  wings  of  a  seraph 
through  all  this  confluence  of  sidereal  systems, 
it  is  more  than  probable  that  we  should  find 
ourselves  standing  only  on  the  verge  of  crea- 
tion, and  that  a  boundless  prospect,  stretching 
towards  infinity  on  every  side,  would  still  be 
presented  to  view ;  for  we  cannot  suppose  for 
a  moment  that  the  empire  of  Omnipotence 
terminates  at  the  boundaries  of  human  vision, 
even  when  assisted  by  the  most  powerful  in- 
struments.     Other   intelligences   may   have 
powers  of  vision  capable  of  penetrating  into 
space  a  hundred  times  further  than  ours  when 
assisted  with  all  the  improvements  of  art ;  but 
even  such  beings  cannot  be  supposed  to  have 
penetrated   to   the  uttermost   boundaries  of 
creation.     Man  in  future  ages,  by  the  im- 
provements  of  optical   instruments,  may  be 
able  to  penetrate  much  further  into  the  re- 
mote regions  of  space  than  he  has  hitherto 
done,   and   may   descry   myriads   of  objects 
which  have  hitherto  remained  invisible  in  the 
unexplored    regions    of   immensity.      Ever 
since  the  invention  of  the  telescope,  one  dis- 
covery has  followed  another  in  almost  regular 
succession.     In  proportion   to   the  increase 
and  activity  of  astronomical  observers,  and 
the  improvement  of  the  instruments  of  observa- 
tion, the  more  remote  spaces  of  creation  have 
been  explored,  and  new  scenes  of  the  universe 
laid  open  to  human  contemplation.    And  who 
shall  set  boundaries  to  the  improvements  and 
discoveries  of  future  and   more  enlightened 
generations?     Before   the   invention  of  the 
telescope,  it  would  have  been  foolish  to  have 
asserted  that  no  more  stars  existed  than  those 
which  were  visible  to  the  naked  eye ;  and 
after  Galileo   had  discovered  with  his  first 
telescope  hundreds  of  stars  which  were  pre- 
viously unknown,  it  would  have  been  equally- 
absurd  to  have  maintained  that  the  telescope 
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would  never  be  further  improved,  and  that  no 
additional  stars  would  afterwards  be  dis- 
covered. It  would  be  a  position  equally  un- 
tenable to  maintain,  that  we  shall  never  be 
able  to  descry  objects  in  the  heavens  beyond 
the  boundaries  which  we  have  hitherto  ex- 
plored, since  science  has  only  lately  com- 
menced its  rapid  progress,  and  since  man  is 
little  more  than  just  beginning  to  employ  his 
powers  in  such  investigations. 

But  however  extensive  may  be  the  dis- 
coveries of  future  ages,  we  may  lay  it  down 
as  an  axiom,  that  neither  man  nor  any  other 
rank  of  finite  beings  will  ever  be  able  to  pene- 
trate to  the  further  boundaries  of  the  creation. 
It  would  be  presumptuous  to  suppose  that  a 
being  like  man, — whose  stature  is  compre- 
hended within  the  extent  of  two  yards,  who 
vanishes  from  the  sight  at  the  distance  of  a 
German  mile,  whose  whole  habitation  sinks 
into  an  invisible  point  at  the  distance  of 
Jupiter,  who  resides  on  one  of  the  smallest 
class  of  bodies  in  the  universe,  and  whose 
powers  of  vision  and  of  intellect  are  so  limited, 
— should  be  able  to  extend  his  views  to  the 
extreme  limits  of  the  empire  of  the  Eternal, 
and  to  descry  all  the  systems  which  are  dis- 
persed throughout  the  range  of  infinitude.  It 
is  more  reasonable  to  believe  that  all  that  has 
yet  been  discovered  of  the  operations  of 
Omnipotence  that  lie  within  the  boundaries 
of  human  vision,  is  but  a  very  small  portion 
of  what  actually  exists  within  the  limits  of 
creation ;  that  the  two  billions  and  nineteen 
thousand  millions  of  worlds  which  we  have 
assumed  as  the  scene  of  the  visible  universe, 
are  only  as  a  single  star  to  the  whole' visible 
firmament,  or  even  as  a  single  grain  of  sand 
to  all  the  myriads  of  particles  which  cover  the 
sea-shores  and  the  bed  of  the  ocean,  when 
compared  with  what  lies  beyond  the  utmost 
range  of  mortal  vision ;  for  who  can  set  bounds 
to  infinitude,  or  to  the  operations  of  Him 
whose  power  is  omnipotent,  "  whose  ways  are 
unsearchable,"  and  "  whose  understanding  is 
infinite  1"  All  that  we  have  yet  discovered 
of  creative  existence,  vast  and  magnificent  as 
it  appears,  may  be  only  a  small  corner  of 
some  mightier  scheme  which  stretches  through- 
out the  length  and  breadth  of  immensity, — 
of  which  the  highest  created  intellect  may 
have  only  a  few  faint  glimpses,  which  will  be 
gradually  opening  to  view  throughout  the 
revolutions  of  eternity,  and  which  will  never 
be  fully  explored  during  all  the  periods  of  an 
interminable  existence.  What  is  seen  and 
known  of  creation  may  be  as  nothing  com- 
pared with  what  is  unseen  and  unknown ; 
ond  as  the  ages  of  eternity  roll  on,  the  em- 
pire of  the  Almighty  may  be  gradually  ex- 
panding in  its  extent,  and  receiving  new  addi- 
tions to  its  glory  and  magnificence. 
(670) 


Hence  we  may  conclude  that  there  is  no 
created  being,  even  of  the  highest  order  of  in- 
telligences, that  will  ever  be  able  to  survey 
the  whole  scene  of  the  universe.  Of  course, 
man,  though  destined  to  immortality,  will 
never  acquire  a  complete  knowledge  of  the 
whole  range  of  the  Creator's  operations,  even 
during  the  endless  existence  which  lies  be- 
fore him ;  for  his  faculties,  however  much  ex- 
panded in  that  state,  will  be  utterly  inadequate 
to  grasp  a  scene  so  boundless  and  august.  It 
will  be  a  part  of  his  happiness  that  he  will 
never  be  able  to  comprehend  the  universe ; 
for  at  every  period  of  his  future  existence  he 
will  still  behold  a  boundless  prospect  stretched 
out  before  him,  with  new  objects  continually 
rising  to  view,  in  the  contemplation  of  which, 
innumerable  ages  may  roll  away  without  the 
least  apprehension  of  ever  arriving  at  the 
termination  of  the  scene.  Were  a  superior 
intelligence  ever  to  arrive  at  such  a  point, 
from  that  moment  his  happiness  would  be 
diminished,  his  intellectual  powers  would 
lose  their  energy,  his  love  and  adorations  of 
the  Supreme  would  wax  faint  and  languid, 
and  he  would  feel  as  if  nothing  new  and 
transporting  were  to  be  added  to  his  enjoy- 
ments throughout  all  the  periods  of  his  future 
existence.  But  the  immensity  of  the  universe, 
and  the  boundless  nature  of  the  dominions  of 
"the  King  Eternal,"  will  for  ever  prevent 
any  such  effects  from  being  produced  in  the 
case  of  all  virtuous  and  holy  intelligences. 

Besides  the  numerous  bodies  to  which  we 
have  above  alluded,  there  are  several  other 
objects  which  require  to  be  contemplated,  in 
order  to  amplify  our  views  of  the  visible  uni- 
verse. Those  nebulous  specks  in  the  remote 
regions  of  the  heavens  termed  planetary 
neblux  have  never  yet  been  resolved  into 
stars,  and  are  in  all  probability  bodies  of  a 
different  nature  from  the  Milky  Way  and  other 
sidereal  systems.  Their  magnitude  is  astonish- 
ing, since  some  of  them  would  fill  a  cubical 
space  equal  to  the  diameter  of  the  orbit  of 
Uranus,  which  would  contain  24,000,000, 
000,000,000,000,000,000,000,  or  twenty-four 
thousand  quartillions  of  solid  miles ;  that  is, 
they  are  sixty-eight  thousand  millions  of  times 
larger  than  the  sun.  Such  bodies  present  to 
our  view  magnitudes  more  astonishing  than 
any  others  to  be  found  within  the  range  of 
the  visible  creation,  and  overwhelm  the  mind 
with  wonder  and  amazement  at  what  can 
possibly  be  their  nature  and  destination. 
Several  other  nebulae  are  no  less  wonderful, 
such  as  that  in  the  constellation  of  Orion 
which  even  surpasses  in  magnitude  the  di- 
mensions now  stated.  It  has  been  computed 
to  be  2,200,000,000,000,000,000,  or  two 
trillions,  two  hundred  thousand  billions  of 
times  larger  than  the  sun,  —  a  magnitude 
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which  we  can  scarcely  suppose  within  the 
power  of  any  finite  being  to  grasp  or  to  com- 
prehend. For  what  end  such  huge  masses 
of  matter  were  created  must  remain  a  mystery 
to  mortals  so  long  as  they  are  confined  to  this 
sublunary  scene.  Perhaps  they  are  intended 
to  give  us  a  glimpse  of  objects  and  arrange- 
ments in  the  Divine  economy  altogether  dif- 
ferent from  those  we  perceive  in  the  planetary 
system,  and  in  the  other  parts  of  the  sidereal 
heavens.  But  whatever  may  be  their  ulti- 
mate destination,  we  may  resl  assured  that 
they  serve  a  purpose  in  the  plan  of  the  Di- 
vine administration  worthy  of  their  magni- 
tude, and  of  the  perfections  of  Him  by  whom 
they  were  created.  They  were  brought  into 
existence  by  the  same  power  which  reared 
the  other  parts  of  creation  ;  and  as  power  is 
always  accompanied  with  wisdom  and  good- 
ness, they  must  have  an  ultimate  reference 
to  the  accommodation  and  happiness  of 
rational  beings,  under  an  economy,  perhaps 
widely  different  from  that  of  the  planetary 
and  other  systems. 

Having  taken  a  cursory  view  of  the  mag- 
nitudes of  the  numberless  bodies  scattered 
through  the  regions  of  space,  let  us  now  con- 
sider the  motions  which  are  incessantly  going 
forward  in  every  part  of  the  universe ;  for  all 
the  myriads  of  globes  and  systems  to  which 
we  have  alluded  are  in  rapid  and  perpetual 
motion ;  and  we  have  no  reason  to  believe 
that  there  is  a  single  quiescent  body  through- 
out the  immensity  of  creation.  We  have  here 
planets  revolving  around  suns,  planets  revolv- 
ing around  planets,  suns  performing  their 
revolutions  around  suns,  suns  revolving  around 
the  centres  of  sidereal  systems,  and,  in  all 
probability,  every  system  of  creation  revolving 
round  the  centre  and  Grand  Mover  of  the 
whole.  The  rate  of  these  motions,  in  every 
known  instance,  is  not  less  than  several 
thousands  of  miles  every  hour,  and  in  many 
instances,  thousands  of  miles  in  a  minute. 
The  motions  which  are  found  among  the 
planetary  globes  appear,  at  first  view,  alto- 
gether astonishing,  and  almost  to  exceed  be- 
lief, when  we  consider  the  enormous  size  of 
some  of  these  bodies.  That  a  globe  a  thou- 
sand times  larger  than  our  world  should  fly 
at  the  rate  of  thirty  thousand  miles  an  hour, 
and  carry  along  with  it  a  retinue  of  other 
mighty  globes  in  its  swift  career,  is  an  object 
that  may  well  strike  us  with  wonder  and 
amazement.  But  the  fixed  stars— -though  to 
a  common  observer  they  appear  exactly  in 
the  same  positions  with  regard  to  each  other — 
are  found,  in  some  instances,  to  be  carried 
forward  with  motions  far  more  rapid  than 
even  the  bodies  of  the  planetary  system, 
though  their  magnitude  is  immensely  superior. 
We  have  already  seen  that  the  star  61  Cygni, 


whose  apparent  motion  is  five  seconds  annu- 
ally, and  consequently  imperceptible  to  a 
common  observer,  yet  at  the  distance  at  which 
the  star  is  known  to  be  placed,  this  motion  is 
equivalent  to  one  thousand  five  hundred  and 
fifty-two  millions  of  miles  in  a  year;  four 
millions,  two  hundred  and  fifty-two  thousand 
miles  a  day,  and  one  hundred  and  seventy- 
seven  thousand  miles  an  hour.  Other  stars 
are  found  to  move  with  velocities  nearly 
similar,  as  p  Cassiopeia,  which  moves  above 
three  millions  of  miles  a  day,  which  is  at  the 
rate  of  two  thousand  one  hundred  and  sixty 
miles  every  minute.  These  are  motions  alto- 
gether incomprehensible  by  human  beings, 
especially  when  we  take  into  consideration 
the  enormous  magnitude  of  the  stars,  some 
of  which  may  be  a  thousand  times  larger  than 
all  the  planets  and  comets  belonging  to  our 
system.  They  display  the  amazing  and  un- 
controllable ENERGIES  OF  OMNIPOTENCE, 

and  afford  a  distinct  source  of  admiration  and 
astonishment  in  addition  to  all  the  other 
wonders  of  the  universe.  If,  then,  we  would 
endeavour  to  attain  a  comprehensive  idea  of 
the  motions  going  forward  throughout  the 
spaces  of  immensity,  we  must  not  only  con- 
ceive of  planets  revolving  around  luminous 
centres,  but  of  suns  revolving  around  suns, — 
of  suns  and  systems  revolving  around  the 
centres  of  the  nebulse  to  which  they  respect- 
ively belong, — of  all  the  systems  and  nebula? 
of  the  universe  revolving  in  immense  circum- 
ferences around  the  throne  of  the  Eternal,  the 
great  centre  of  all  worlds  and  beings, — of 
each  sun,  and  planet,  and  system,  notwith- 
standing, pursuing  a  course  of  its  own  in  dif- 
ferent directions,  and  in  numerous  instances 
acted  upon  by  different  forces, — in  short,  of 
the  ten  thousand  times  ten  thousands  of 
luminous  and  opaque  globes,  of  every  rank 
and  order,  within  the  circuit  of  creation, — all 
performing  their  rapid  but  harmonious  mo- 
tions throughout  every  region  of  space,  and 
without  intermission,  in  obedience  to  the  laws 
of  their  Creator. 

Again,  we  cannot  be  supposed  to  have  at- 
tained a  comprehensive  conception  of  the  uni- 
verse, without  taking  into  account  the  sensi- 
tive and  intellectual  beings  with  which  it  is 
replenished.  We  ought  never  to  consider  the 
numerous  orbs  revolving  throughout  infinite 
space  as  mere  masses  of  rude  matter,  arranged 
into  systems  merely  to  give  a  display  of  Al- 
mighty Power,  but  as  means  for  accomplish- 
ing a  higher  and  nobler  end, — -the  diffusion 
of  happiness  among  countless  orders  of  intelli- 
gent existence.  And  as  this  idea  must  ne- 
cessarily be  admitted,  what  a  countless  multi- 
tude of  percipient  beings  must  people  the  am- 
plitudes of  creation !  On  our  globe  there  are 
supported  at  least  800  millions  of  human  be 
(671) 


148 


SIDEREAL  HEAVENS. 


ings ;  but  it  is  capable  of  supporting  twenty 
times  that  number,  or  sixteen  thousand  mil- 
lions, if  all  its  desolate  wastes  were  cultivated 
and  peopled.  Besides  man,  there  are  nume- 
rous orders  of  other  sensitive  beings :  there 
are  at  least  500  species  of  quadrupeds,  4000 
species  of  birds,  3000  species  offish,  700  spe- 
cies of  reptiles,  50,000  species  of  insects  be- 
sides thousands  which  the  microscope  alone 
can  enable  us  to  perceive — at  least  sixty  thou- 
sand species  in  all.  If  every  species  contain 
about  500  millions  of  individuals,  then  there 
will  be  no  less  than  30,000,000,000,000,  or 
thirty  billions  of  individuals  belonging  to  all 
the  different  classes  of  sensitive  existence  on 
the  surface  of  our  globe. 

If  this  earth,  then,  which  ranks  among  the 
smaller  globes  of  our  system,  contain  such  an 
immense  number  of  living  beings,  what  must 
be  the  number  of  sentient  and  intellectual 
existence  in  all  the  worlds  to  which  we  have 
alluded  !  We  assumed,  on  certain  data,  that 
2,019,1000,000,000,  or  two  billions  of  worlds, 
may  exist  within  the  bounds  of  the  visible 
universe ;  and,  although  no  more  beings 
should  exist  in  each  world,  at  an  average,  than 
on  our  globe,  there  would  be  the  following  num- 
ber of  living  inhabitants  In  these  worlds,  60,- 
573,000,000,000,000,000,000,000;  that  is,  six- 
ty quartillions,  five  hundred  and  seventy-three 
thousand  trillions,  a  number  which  transcends 
human  conception.  Among  such  a  number 
of  beings,  what  a  variety  of  orders  may  exist, 
from  the  archangel  and  the  seraph  to  the  worm 
and  the  microscopic  animalculum !  What  a 
diversity  of  ranks  in  the  intellectual  scale, 
from  the  point  of  the  human  faculties  to  the 
highest  order  of  created  beings,  maybe  found 
throughout  this  immensity  of  existence !  Some, 
perhaps,  invested  with  faculties  as  far  surpass- 
ing those  of  man  as  man  surpasses  in  intellec- 
tual energy  the  worms  of  the  dust,  and  still  ap- 
proximating nearer  and  nearer  to  the  Deity. 
What  a  variety  may  exist  among  them  in  the 
form,  organization,  senses,  and  the  movements 
of  their  corporeal  vehicles !  What  a  wonder- 
ful and  interesting  scene  would  their  history 
disclose,  were  the  whole  series  of  events  in 
the  Divine  administration  towards  them  laid 
open  to  our  view ! — the  different  periods  in 
duration  at  which  they  were  brought  into  ex- 
istence ;  the  special  laws  of  social  and  moral 
order  peculiar  to  each  class  of  intelligences ; 
the  modes  of  improving  the  intellect,  and  the 
progress  they  have  made  in  universal  know- 
ledge ;  the  scenes  of  glory  or  of  terror  through 
which  any  particular  classes  of  beings  might 
have  passed;  the  changes  and  revolutions 
that  may  await  them ;  and  the  final  destina- 
tion to  which  they  are  appointed.  These  and 
numerous  other  circumstances  connected  with 
the  moral  and  intellectual  universe  open  to 
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view  a  source  of  knowledge,  and  a  subject  of 
sublime  investigation,  which  superior  intellects 
might  prosecute  without  intermission,  with 
increasing  admiration  and  rapture,  and  never 
arrive  at  the  termination  of  their  pursuits  dur- 
ing all  the  periods  of  an  endless  existence. 

Such  is  a  summary  view  of  the  universe,  in 
so  far  as  its  scenes  lie  open  to  our  knowledge 
and  investigation.  The  idea  it  presents  is 
altogether  overpowering  to  the  human  facul- 
ties, but  it  is  nothing  else  than  what  we  should 
naturally  expect,  when  we  consider  that  the 
Being  who  formed  it  is  self-existent  and  eter- 
nal; possessed  of  infinite  wisdom,  almighty 
power,  and  boundless  goodness ;  and  fills  the 
infinity  of  space  with  his  presence.  It  is  like 
himself,  boundless,  and  incomprehensible  by 
finite  minds ;  but  exhibits  to  every  order  of 
intelligent  beings  a  sensible  display  of  "  His 
Eternal  Power  and  Godhead."  Without  the 
existence  of  such  a  universe,  the  infinite  at- 
tributes of  the  Almighty  could  not  be  fully 
recognized  and  appreciated  by  his  intelligent 
offspring.  But  here  we  behold,  as  in  a  mir- 
ror, the  invisible  perfections  of  the  Divinity, 
"  whom  no  man  hath  seen  or  can  see,"  adum- 
brated, as  it  were,  and  rendered  visible,  in 
every  part  of  creation,  to  the  eyes  of  unnum- 
bered intelligences ;  for  there  is  no  point  of 
space  in  which  a  rational  being  could  be 
placed,  in  which  he  would  not  find  himself 
surrounded  with  sensible  evidences  and  dis- 
plays of  the  operations  of  an  all-wise,  an  all- 
powerful,  and  incomprehensible  Deity.  "  He 
has  not  left  himself  without  a  witness"  to  his 
existence,  and  his  incessant  energies,  in  any 
parts  of  his  dominions,  or  to  any  order  of  his 
creatures,  wherever  existing.  "  If  we  should 
ascend  to  heaven,  he  is  there."  If  we  should 
descend  to  the  lower  regions,  he  is  there  also 
to  be  seen  in  his  operations. — "  If  we  take  the 
wings  of  the  morning,"  and  fly  along  with 
the  sun  from  east  to  west,  and  continue  our 
course  without  intermission  through  regions 
of  space  invisible  to  mortal  eye,  "  even  there 
his  hand  would  lead  us,  and  his  right  hand 
uphold  us."  "  Darkness,"  unfolds  the  gran- 
deur of  his  operations  and  the  glories  of  his 
nature,  as  well  as  the  "  light"  of  the  orb  of 
day.  Though,  on  the  wings  of  a  seraph  we 
could  fly  in  every  direction  through  boundless 
space,  we  should  every  where  find  ourselves 
encompassed  with  his  immensity,  and  with 
the  manifestations  of  his  presence  and  agency. 
Of  such  a  Being,  and  of  the  universe  he  has 
formed,  we  may  exclaim  in  the  language  of 
an  inspired  writer — "  O  the  depth  of  the  riches 
both  of  the  wisdom  and  of  the  knowledge  of 
God  !  How  unsearchable  are  his  operations, 
and  his  ways  past  finding  out !" 

Of  this  universe  we  can  only  form  an  ap- 
proximate idea  by  comparing  one  small  por 
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don  of  it  with  another,  and  by  allowing  the 
mind  to  dwell  for  a  considerable  time  on  every 
scene  we  contemplate.  We  must  first  en- 
deavour to  acquire  a  comprehensive  concep- 
tion of  the  magnitude  of  the  globe  on  which 
we  dwell,  and  the  numerous  diversity  of  ob- 
jects it  contains ;  we  must  next  stretch  our 
view  to  some  of  the  planetary  globes,  which 
are  a  thousand  times  greater  in  magnitude ; 
and  to  such  an  orb  as  the  sun,  which  fills  a 
space  thirteen  hundred  thousand  times  more 
expansive.  Ranging  through  the  whole  of 
the  planetary  system,  we  must  fix  our  atten- 
tion on  every  particulai  scene  and  object, 
imagine  ourselves  traversing  the  hills,  and 
plains,  and  immense  regions  of  Jupiter, 
and  surveying  the  expansive  rings  of  Saturn 
in  all  their  vast  dimensions  and  rapid  motions, 
till  we  have  obtained  the  most  ample  idea 
which  the  mind  can  possibly  grasp  of  the  ex- 
tent and  grandeur  of  the  planetary  system. 
Leaving  this  vast  system,  and  proceeding 
through  boundless  space  till  all  its  planets 
have  entirely  disappeared,  and  its  sun  has 
dwindled  to  the  size  of  a  small  twinkling  star, 
we  must  next  survey  the  thousand  stars  that 
deck  the  visible  firmament,  every  one  of  which 
must  be  considered  as  a  SUN,  accompanied 
with  a  system  of  planets  no  less  spacious  and 
august  than  ours.  Continuing  our  course 
through  depths  of  space  immeasurable  by  hu- 
man art,  we  must  penetrate  into  the  centre  of 
the  Milky  Way,  where  we  are  surrounded  by 
suns,  not  only  in  thousands,  but  in  millions. 
Here  the  imagination  must  be  left  for  a  length 
of  time,  to  expatiate  in  this  amazing  and  mag- 
nificent scene,  and  try  if  it  can  form  any  faint 
idea  of  twenty  millions  of  suns,  surrounded 
with  a  thousand  millions  of  planets.  Suppose 
one  of  these  bodies  to  pass  before  the  eye  or 
the  imagination  every  minute,  it  would  re- 
quire 1900  years  before  the  whole  could  pass 
in  review,  and  each  produce  a  distinct  impres- 
sion as  a  separate  object. 

In  a  scene  like  this,  the  boldest  imagina- 
tion is  overpowered  and  bewildered,  amidst 
number  and  magnitude,  and  feels  utterly  in- 
competent to  grasp  the  ten  thousandth  part 
of  the  overwhelming  idea  presented  before  it. 
Winging  our  flight  from  the  Milky  Way,  over 
unknown  and  immeasurable  regions,  regions 
where  infinitude  appears  opening  upon  us  in 
awful  grandeur,  we  approach  some  of  those 
immense  starry  clusters  called  NEBULJB, 
every  one  of  which  may  be  considered  as 
another  milky  way,  with  its  ten  thousands 
and  millions  of  suns.  Here  the  imagination 
must  make  a  solemn  pause,  and  take  a  wider 
stretch,  and  summon  up  all  its  powers,  and 
force,  and  vigour;  for  here  we  have  not 
merely  one  milky  way,  with  its  millions  of 
stars,  to  contemplate,  but  thousands.  If  the 
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immense  splendour  and  amplitude  of  ona 
milky  way  overwhelms  us  with  amazement, 
and  with  an  emotion  almost  approaching  to 
terror,  what  an  overpowering  effect  should 
two  thousand  of  such  scenes,  which  have 
already  been  discovered,  produce  upon  minds 
so  feeble  arid  limited  as  ours  !  Such  a  scene 
not  only  displays  to  us,  beyond  every  other, 
the  incomprehensible  energies  of  Omnipo- 
tence, but  seems  to  intimate  that  there  are 
created  beings  existing  in  the  universe,  en- 
dowed with  powers  of  intelligence  capable  of 
forming  a  much  more  approximate  idea  of 
such  objects  than  beings  such  as  man,  who 
may  be  considered  as  standing  near  the  lowest 
point  of  the  scale  of  intellectual  existence. 
These  "  thrones  and  dominions,  principalities 
and  powers  of  Heaven,"  may  be  able  to  form 
a  comprehensive  conception  of  such  a  scene 
as  the  Milky  Way,  which  baffles  the  utmost 
efforts  of  the  human  faculties. 

Soaring  beyond  all  these  objects,  we  behold, 
as  it  were,  a  new  universe  in  the  immense 
magnitude  of  the  planetary  and  other  nebulae, 
where  separate  stars  have  never  been  per- 
ceived ;  and  besides  all  these,  there  may  be 
thousands  and  ten  thousands,  and  millions  of 
opaque  globes  of  prodigious  size,  existing 
throughout  every  region  of  the  universe,  and 
even  in  that  portion  of  it  which  is  within  the 
limits  of  our  inspection,  the  faintness  of  whose 
light  prevents  it  from  ever  reaching  our  eyes. 
But,  far  beyond  all  such  objects  as  those  we 
have  been  contemplating,  a  boundless  region 
exists,  of  which  no  human  eye  has  yet  caught 
a  glimpse,  and  which  no  finite  intelligence 
has  ever  explored.  What  scenes  of  power, 
of  goodness,  of  grandeur,  and  magnificence, 
may  be  displayed  within  this  unapproachable 
and  infinite  expanse,  neither  men  nor  angels 
•can  describe,  nor  form  the  most  rude  concep- 
tion. But  we  may  rest  assured  that  it  is  not 
an  empty  void;  but  displays  the  attributes  of 
the  Deity  in  a  manner  no  less  admirable  and 
glorious,  and  perhaps  much  more  so,  than  all 
the  scenes  of  creation  within  the  range  of  our 
vision.  Here,  undoubtedly,  is  that  splendid 
region  so  frequently  alluded  to  in  the  Scrip- 
tures, designated  by  the  emphatic  name, 
"THE  HEAVEN-  o?  HEAVENS,"  evidently  im- 
porting that  it  is  the  most  glorious  and  mag- 
nificent department  of  creation.  Countless 
myriads  of  beings,  standing  at  the  highest 
point  of  the  scale  of  intellect,  and  invested 
with  faculties  of  which  we  have  no  concep- 
tion, must  inhabit  those  regions ;  for  we  are 
positively  informed  that  "  hosts  of  intelligent 
beings  reside  in  such  abodes,  and  that  "  these 
hosts  of  the  heaven  of  heavens  worship  God." 
But  here  our  contemplations  must  terminate. 
Here  imagination  must  drop  its  wing,  since  it 
can  penetrate  no  further  into  the 
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of  Him  who  sits  on  the  throne  of  immensity. 
Overwhelmed  with  a  view  of  the  magnificence 
of  the  universe,  and  of  the  perfections  of  its 
Almighty  Author,  we  can  only  fall  prostrate 
in  deep  humility  and  adoration,  and  exclaim, 
"  Great  and  marvellous  are  thy  works,  Lord 
God  Almighty !  Thou  art  worthy  to  receive 
glory,  and  honour,  and  power;  for  thou  hast 
created  all  worlds,  and  for  thy  pleasure  they 
are  and  were  created." 

I  shall  conclude  this  subject  with  the  fol- 
lowing remarks : 

1.  All  the  vast  systems  to  which  we  have 
alluded  are  the  workmanship  of  an  Infinite 
and  Eternal  Being,  and  display  the  grandeur 
of  his  perfections.  It  is  impossible  that  such 
an  amazing  universe,  arranged  with  such  ex- 
quisite order,  and  all  the  bodies  it  contains 
moving  with  such  regular  and  rapid  motions, 
could  have  formed  itself,  or  been  produced  by 
the  fortuitous  concourse  of  atoms.  The  very 
surmise  that  such  a  thing  was  possible  is  one 
of  the  wildest  hallucinations  that  ever  entered 
the  human  mind.  It  is  a  first  principle  con- 
nected with  the  constitution  of  every  intel- 
lectual nature,  and  without  the  admission  of 
which  there  can  be  no  reasoning,  that  there 
is  "  a  connexion  between  cause  and  effect," 
and  that  "  every  effect  must  have  a  corres- 
ponding cause  adequate  to  its  production." 
The  universe  is  an  effect,  the  most  sublime 
and  glorious  which  the  human  mind  can  con- 
template, and  the  natural  and  necessary  con- 
clusion which  it  almost  instinctively  draws  is, 
that  it  is  the  production  of  an  Eternal,  Intel- 
I;gent,  and  Almighty  Being.  This  is  a  con- 
clusion which  has  been  deduced  by  men  of 
all  nations,  and  in  every  period  of  the  world. 
"  There  is  no  nation  or  people,"  says  Cicero, 
"  so  barbarous  and  ignorant  as  not  to  acknow- 
ledge a  powerful  and  Supreme  Divinity." 

It  is  as  natural  for  the  human  understand- 
ing, in  its  original  and  unbiassed  state,  when 
contemplating  the  frame  of  the  universe,  to 
infer  the  existence  of  a  Deity,  as  it  is  the  pro- 
perty of  the  eye  to  distinguish  light  and 
colours,  and  of  the  ear  to  distinguish  sounds. 
The  principle  from  which  this  conclusion  is 
deduced  is  exactly  the  same  as  that  by  which, 
from  the  contemplation  of  a  building,  we  infer 
a  builder,  and  from  the  elegance  and  utility 
of  every  part  of  the  structure,  we  conclude 
that  he  was  a  wise  and  skilful  architect ;  or 
that  by  which,  from  an  inspection  of  a  clock 
or  watch,  or  any  other  piece  of  useful  ma- 
chinery, we  infer  not  only  the  existence,  but 
the  qualities  and  attributes,  of  the  contriver 
and  artificer.  The  man  who  is  incapable  qf 
at  once  deducing  such  conclusions  ought  to 
be  regarded  as  destitute  of  the  reasoning 
faculty  ;  and  if  we  thus  necessarily  infer  the 
cause  from  the  effect  in  the  case  of  human 
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art,  can  we  for  a  moment  hesitate  to  ascribe 
the  production  of  this  amazing  universe  whicn 
surrounds  us,  to  a  Being  of  infinite  know- 
ledge, wisdom,  and  power,  adequate  to  bring 
into  existence  such  an  immense  and  wonder- 
ful machine,  and  to  preserve  it  in  harmony, 
from  age  to  age,  amidst  all  its  diversified  and 
complicated  movements  1  That  ever  a  doubt 
was  entertained  on  this  subject  is  a  plain 
proof  that  man  has  lost,  in  part,  that  light  of 
reason  and  intelligence  with  which  he  was 
originally  endued,  or  that  he  is  sometimes 
urged  on  by  depraved  passions  and  a  pride  of 
singularity  to  utter  sentiments  which  he  does 
not  sincerely  believe.  As  Cicero  long  ago 
declared — "  He  who  thinks  that  the  admirable 
order  of  the  celestial  orbs,  and  their  constancy 
and  regularity,  on  which  the  conservation  and 
good  of  all  things  depend,  to  be  void  of  a  mind 
that  governs  them,  he  himself  deserves  to  be 
accounted  void  of  a  mind."  It  is  "  the  fool'1 
alone,  in  the  strictest  sense  of  the  word,  what- 
ever may  be  his  pretended  learning,  who 
dares  to  declare  "  there  is  no  God." 

And  as  the  universe  demonstrates  the  ex- 
istence, so  it  displays  the  attributes  of  the 
Eternal.  The  manifestation  of  himself  to 
numberless  orders  of  intelligent  beings  must 
have  been  the  great  end  intended  in  bringing 
the  universe  into  existence.  This  manifesta- 
tion is  made  chiefly  in  actions — in  actions 
which  display  greatness,  wisdom,  and  good- 
ness, beyond  all  bounds.  His  greatness  ap- 
pears from  the  immensity  of  power  which  the 
universe  exhibits.  The  power  necessary  to 
move  a  single  planet  in  its  course  far  tran- 
scends human  conception.  What,  then,  must 
be  the  energy  and  extent  of  that  power  which 
set  in  motion  and  still  upholds  all  the  planets, 
worlds,  and  systems  dispersed  throughout  the 
spaces  of  infinitude !  The  highest  created 
intelligence  must  be  utterly  overwhelmed  and 
confounded  when  it  attempts  to  contemplate 
or  to  grasp  an  idea  of  omnipotence.  His 
knowledge,  wisdom,  and  unceasing  agency 
are  no  less  conspicuous  in  the  arrangement 
and  direction  of  every  thing  that  exists  in 
heaven  and  on  earth.  As  his  presence  per- 
vades all  space,  so  his  agency  is  displayed  in 
the  minutest  movement  of  every  part  of  the 
vast  whole.  This  great  and  incomprehensi- 
ble Being  moves  every  atom,  expands  every 
leaf  of  the  forest,  decks  every  flower,  conveys 
the  sap  through  the  ramifications  of  every 
tree,  conducts  every  particle  of  vapour  to  its 
appointed  place,  directs  every  ray  of  light 
from  the  sun  and  stars,  every  breath  of  wind, 
every  flash  of  lightning,  every  movement  of 
the  meanest  worm,  and  every  motion  of  the 
smallest  microscopic  animalculum;  while  at 
the  same  time  he  supports  the  planets  in  their 
courses,  guides  the  comet  in  its  eccentric 
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career,  regulates  the  movements  of  millions 
of  resplendent  systems,  and  presides  in  sove- 
reign authority  over  unnumbered  hosts  of  in- 
telligent existence;  directing  all  the  myste- 
rious powers  of  knowledge,  virtue,  and  moral 
action  to  subserve  the  purposes  of  his  will, 
and  accomplish  the  ends  of  his  moral  govern- 
ment. In  every  department  of  this  universe, 
likewise,  his  goodness  is  displayed  to  unnum- 
bered orders  of  beings,  sentient  and  intellec- 
tual; for  all  the  powers  of  intelligence  and 
action  possessed  by  every  creature  in  heaven 
and  on  earth,  from  the  archangel  to  the  worm, 
and  all  the  happiness  they  now  or  ever  will 
enjoy,  are  derired  from  him  as  the  uncreated 
source  of  all  felicity. 

Under  this  glorious  and  stupendous  Being 
we  live  and  move ;  our  comforts  and  enjoy- 
ments, while  passing  through  this  transitory 
scene,  are  wholly  in  his  hands,  and  all  our 
prospects  of  enjoyment  beyond  the  range  of 
our  earthly  career  are  dependent  on  his  mercy 
and  favour.  His  omnipotent  arm  supports 
us  every  moment;  every  breath  we  draw, 
every  pulse  that  beats  within  us,  every  mus- 
cular power  we  exert,  every  sound  that  strikes 
our  ears,  and  every  ray  of  light  that  enters 
our  eye-balls,  is  dependent  on  his  sovereign 
will.  All  that  we  hope  for  beyond  the  limits 
of  time  and  throughout  the  revolution  of  eter- 
nity depends  upon  his  power,  his  wisdom,  his 
benevolence  and  his  promises.  Were  he  to 
withhold  the  powers  and  agencies  under  which 
we  now  live  and  act,  we  could  neither  think 
nor  speak,  hear  nor  see,  feel  nor  move ;  the 
whole  assemblage  of  living  beings  in  our 
world  would  be  changed  into  immovable 
statues,  and  this  earth  transformed  into  a  bar- 
ren waste  and  an  eternal  solitude.  To  the 
service  of  this  glorious  Being  all  the  powers 
and  faculties  with  which  he  has  endowed  us 
ought  to  be  unreservedly  consecrated.  As 
his  highest  glory  and  blessedness  consist  in 
bestowing  benefits  on  his  intelligent  offspring, 
so  we  ought  to  be  imitators  of  him  in  his 
boundless  beneficence,  by  endeavouring  to 
communicate  happiness  to  all  around  us.  "  To 
do  good,  and  to  communicate,  forget  not ;  for 
with  such  sacrifices  God  is  well  pleased."  To 
him,  as  the  "  Father  *f  our  spirits  and  the 
former  of  our  bodies,"  is  due  the  highest  de- 
gree of  our  love  and  gratitude ;  on  him  we 
ought  to  rely  for  every  Messing,  and  humbly 
resign  ourselves  to  his  disposal  under  every 
event ;  for  "  all  things  are  of  God,"  and  all 
are  conducted  with  supreme  and  unerring 
wisdom  and  goodness  to  an  end  immortal  and 
divine. 

2.  The  immensity  and  magnificence  of  the 
universe  and  the  attributes  of  Deity  it  dis- 
plays are  considerations  which  ought  to  be 
taken  into  account  m  all  our  views  of  religion. 


There  is  a  class  of  men  who,  in  prosecuting 
scientific  pursuits,  wish  to  discard  every  thing 
that  has  a  bearing  on  religion  when  deduced 
from  the  investigations  of  science,  and  can 
scarcely  refrain  from  a  sneer,  when  the  ar- 
rangements in  the  economy  of  nature  are 
traced  to  the  agency  of  their  All-wise  and  Om- 
nipotent Creator;  as  if  the  objects  which 
science  professes  to  investigate  had  no  relation 
to  the  views  we  ought  to  entertain  of  the  Di- 
vinity, and  ought  never  to  be  traced  to  their 
great  first  cause.  On  the  other  hand,  there 
are  many  .  professed  religionists  who,  from 
mistaken  notions  of  piety,  would  set  aside  the 
study  of  the  works  of  God,  as  having  no  con- 
nexion whatever  with  the  exercises  of  piety 
and  the  business  of  religion,  and  as  even  inju- 
rious to  their  interests.  Both  these  classes  of 
men  verge  towards  extremes  which  are  equal- 
ly inconsistent  and  dangerous.  The  amazing 
fact,  that  creation  consists  of  a  countless  num- 
ber of  magnificent  systems  and  worlds  beyond 
the  comprehension  of  finite  minds,  ought  not 
thus  to  be  recklessly  set  aside  in  our  views  of 
God  and  of  religion;  for  they  are  all  the 
workmanship  of  ONE  BEING,  and  they  are 
connected  together  as  parts  of  ONE  grand  sys- 
tem, of  which  the  God  we  profess  to  worship 
is  the  supreme  and  universal  governor.  They 
present  to  the  view  of  all  intelligences  the 
most  glorious  displays  of  his  character  and  per- 
fections, and  consequently  demand  from  us  a 
corresponding  sentiment  of  admiration  and 
reverence,  and  a  corresponding  tribute  of  ho- 
mage and  adoration.  Such  enlarged  pros- 
pects of  the  universe  are  therefore  available 
for  the  loftiest  purposes  of  religion  and  piety, 
and  ought  to  enter  as  an  element  into  all  our 
views  of  the  administration  of  the  Almighty, 
and  of  that  worship  and  obedience  he  requires 
from  his  rational  offspring,  unless  we  would 
be  contented  to  render  him  a  degree  of  homage 
far  inferior  to  that  which  the  manifestation  of 
his  attributes  demands. 

God  is  known  only  by  the  manifestations 
which  he  makes  of  his  character  and  perfec- 
tions. The  highest  created  intelligences  can 
know  nothing  more  of  the  Divinity  than  what 
is  derived  from  the  boundless  universe  he  has 
presented  to  their  view,  the  dispensations  of 
his  providence  to  certain  orders  of  beings,  and 
the  special  revelations  he  may  occasionally 
vouchsafe,  on  certain  emergencies,  to  particu- 
lar worlds.  Had  man  continued  in  primeval 
innocence,  the  contemplation  of  the  vast  crea- 
tion around  him,  with  all  its  diversified  won- 
ders and  beneficent  tendencies,  would  have 
led  him  to  form  correct  views  of  the  attributes 
of  his  Almighty  Maker,  and  of  the  moral  laws 
by  which  his  conduct  should  be  regulated : 
but  it  does  not  follow,  that  because  the  study 
of  nature  is  now  of  itself  an  insufficient  guido 
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to  the  knowledge  of  the  Creator  and  the  en- 
joyment of  eternal  felicity,  such  studies  are 
either  to  be  thrown  aside,  or  considered  as  of 
no  importance  in  a  religious  point  of  view. 
To  overlook  the  astonishing  scene  of  the  uni- 
verse, or  to  view  it  with  indifference,  is  vir- 
tually to  "  disregard  the  works  of  Jehovah, 
and  to  refuse  to  consider  the  operations  of  his 
hands."  It  is  a  violation  of  Christian  duty, 
and  implies  a  reflection  on  the  character  of 
the  Deity,  for  any  one  to  imagine  that  he  has 
nothing  to  do  with  God  considered  as  mani- 
fested in  the  immensity  in  his  works;  for  his 
word  is  pointed  and  explicit  in  directing  the 
mind  to  such  contemplations.  "  Hearken  un- 
to this;  stand  still,  and  consider  the  wonder- 
ful works  of  God."  "  Lift  up  thine  eyes  on 
high,  and  behold  who  hath  created  these  orbs." 
"  Remember  that  thou  magnify  his  works 
which  men  behold."  "  Great  and  marvellous 
are  thy  works,  Lord  God  Almighty !  Thy 
saints  shall  speak  of  the  glory  of  thy  kingdom 
and  talk  of  thy  power,  to  make  known  to  the 
sons  of  men  thy  mighty  operations  and  the 
glorious  majesty  of  thy  kingdom." 

3.  The  Christian  revelation,  throughout  all 
its  departments,  is  not  only  consistent  with 
the  views  we  have  taken  of  the  universe,  but 
affords  direct  evidence  of  the  magnificence  of 
creation,  and  of  the  myriads  of  beings  with 
which  it  is  peopled.  Of  this  position  we  have 
exhibited  some  proofs  in  the  remarks  and  illus- 
trations contained  in  Chapter  XVII.,  which 
show  at  the  same  time  the  harmony  which 
subsists  between  the  discoveries  of  revelation 


and  the  discoveries  which  have  been  made  in 
the  system  of  nature.  There  is  no  other  sys- 
tem of  religion  or  pretended  revelation  that 
was  ever  propagated  in  the  world  to  which 
such  a  characteristic  belongs.  If  we  examine 
the  Mahomedan  Koran,  the  Shasters  of  Bra- 
mah,  the  system  of  Confucius,  the  mythology 
of  the  Greeks  and  Romans,  and  every  other 
Pagan  code  of  religion,  we  shall  find  inter- 
spersed throughout  the  whole  of  them  nume- 
rous sentiments,  opinions,  and  pretended  facts 
at  utter  variance  with  the  true  system  of  na- 
ture, and  to  what  are  known  to  be  the  esta- 
blished laws  of  the  universe.  This  is  strikingly 
exemplified  in  the  extravagant  stories  and  de- 
scriptions contained  in  the  pretended  revela- 
tions of  Mahomet,  and  the  absurd  notions  re- 
specting the  creation  contained  in  the  sacred 
books  of  the  Hindoos,  which  assert  that  the 
universe  consists  of  seven  heavens  and  seven 
worlds,  which  are  all  at  a  future  period  to  be 
absorbed  into  God  ;  with  many  other  absurdi- 
ties. In  opposition  to  all  such  foolish  and  ab- 
surd opinions,  the  inspired  writings,  when 
properly  understood,  and  rationally  interpreted 
according  to  the  rules  of  just  criticism,  are 
uniformly  found  to  be  perfectly  consistent  with 
the  discoveries  of  science,  and  the  facts  which 
are  found  to  exist  in  the  system  of  the  uni- 
verse; and  this  correspondence  and  har- 
mony ought  to  be  considered  as  a  strong  pre- 
sumptive evidence  that  the  revelations  of 
Scripture  and  the  scenes  of  the  material  uni- 
verse proceed  from  the  same  All-wise  and 
Omnipotent  Author. 


CHAPTER  XX. 

On  Comets. 


As  this  class  of  the  celestial  bodies  forms  a 
part  of  the  solar  system,  it  might  have  been 
more  appropriate  to  have  introduced  the  subject 
into  our  volume  entitled,  "  Celestial  Scenery," 
which  has  for  its  principal  object  a  description 
of  the  bodies  connected  with  that  system; 
but  as  that  work  swelled  to  a  greater  size  than 
was  at  first  foreseen,  it  was  judged  expedient 
to  postpone  the. consideration  of  comets  to  the 
present  volume.  As  our  knowledge  of  these 
bodies,  however,  is  very  limited,  and  no  dis- 
coveries have  yet  been  made  which  might  lead 
us  to  form  a  decisive  opinion  of  their  nature 
and  destination,  I  shall  content  myself  with 
giving  a  brief  detail  of  some  of  the  leading 
facts  which  have  been  ascertained  respecting 
them. 

The  word  comet  literally  signifies  a  hairy 
star;  because  such  bodies  are  generally  ac- 
companied with  a  nebulosity,  or  train,  which 
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has  the  appearance  of  luminous  hair.  The 
luminous  point  near  the  centre  of  a  comet, 
which  is  the  most  brilliant,  is  called  the  nu- 
cleus. The  haze  or  nebulosity  which  sur- 
rounds the  nucleus  is  called  the  hair,  and 
sometimes  the  envelope  ,•  and  the  nucleus  and 
hair  combined  constitute  what  is  usually 
termed  the  Jiead  of  th^  comet.  The  lumi- 
nous train,  extending  sometimes  to  a  great 
distance  from  the  head,  is  called  the  tail  of  the 
comet.  These  bodies  have  occasionally  ap- 
peared in  the  heavens  in  all  ages.  The  an- 
cients were  divided  in  their  opinion  respect- 
ing them ;  some  considering  them  as  wander- 
ing stars ;  others,  as  meteors  kindled  in  the 
atmosphere  of  the  earth,  subsisting  for  a  time, 
and  then  dissipated ;  and  others  viewed  them 
as  prodigies  indicating  wars,  famines,  inun- 
dations, or  pestilences.  Aristotle',  who  be- 
lieved that  the  heavens  were  incorruptible  and 
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unchangeable,  maintained  that  comets  were 
generated  when  they  first  madfe  their  appear- 
ance, and  were  destroyed  when  they  ceased 
to  be  visible,  and  consequently  that  they  could 
not  be  reckoned  to  belong  to  the  heavenly  bo- 
dies, but  were  only  meteors  or  exhalations 
raised  into  the  upper  regions  of  the  air,  where 
they  blazed  for  a  while,  and  disappeared  when 
the  matter  of  which  they  were  formed  was 
consumed.  And  as  the  opinions  of  this  an- 
cient sage  had  a  powerful  influence  on  the 
philosophers  and  astronomers  of  later  times, — 
as  his  assertions  were  frequently  regarded  as 
little  short  of  demonstrations, — few  persons 
had  the  boldness  and  independency  of  mind  to 
call  in  question  the  positions  he  maintained 
on  any  subject  discussed  in  his  writings. 

It  was  not  before  the  time  of  the  celebrated 
astronomer,  Tycho  Brahe,  that  the  nature  of 
comets  began  to  be  a  little  understood,  and 
that  they  were  considered  as  moving  in  the 
planetary  regions.  This  astronomer  observed 
with  great  diligence  the  famous  comet  which 
appeared  in  1577;  and,  from  many  accurate 
observations  during  the  time  of  its  appearance, 
found  that  it  had  no  sensible  diurnal  parallax, 
and  therefore  was  not  only  far  above  the  limits 
of  our  atmosphere,  but  beyond  the  orbit  of  the 
moon  itself.  Its  motions  were  likewise  particu- 
larly observed  by  Hagecius,  at  Prague,  in  Bohe- 
mia, at  the  same  time  that  they  were  observed  by 
Tycho,  at  Uraniburg.  These  two  places  dif- 
fer six  degrees  in  latitude,  and  are  nearly  un- 
der the  same  meridian,  and  both  measured 
the  distance  of  the  comet  from  the  same  star, 
which  was  in  the  same  verticle  circle  with  the 
comet ;  yet  both  observers  found  their  dis- 
tances the  same,  and  consequently  they  both 
viewed  the  comet  in  the  same  point  of  the 
heavens,  which  could  not  have  happened  un- 
less the  comet  had  been  in  a  higher  region 
than  the  moon.  After  Tycho,  Kepler  had  an 
opportunity  of  making  observations  on  the 
comets  which  appeared  in  1607  and  1618, 
and  from  all  his  observations  he  deduced  this 
conclusion,  "  that  comets  move  freely  through 
the  planetary  orbs."  From  this  period  comets 
began  to  be  more  accurately  observed,  and  to 
be  considered  as  constituent  parts  of  the  solar 
system ;  and  at  length  the  illustrious  Newton 
demonstrated  that  their  motions  are  performed 
in  long  ellipses,  having  the  sun  in  one  of  their 
foci. 

Before  proceeding  to  inquire  into  the  na- 
ture and  physical  constitution  of  these  bodies, 
I  shall  present  the  reader  with 

A  brief  sketch  of  the  history  of  the  most  re- 
markable Comets  which  have  appeared  in 
modern  times. 

One  of  the  most  remarkable  comets  which 
have  appeared  in  modern  times  is  that  which 


made  its  appearance  towards  the  close  of  the 
year   1680,  and  which  was  particularly  ob- 
served by  most  of  the  astronomers  of  Europe. 
This  comet,  according  to  the  accounts  given 
by  the  astronomers  of  that  period,  appeared 
to  descend  from  the  distant  regions  of  space 
with  a  prodigious  velocity,   almost    perpen- 
dicular to  the  sun,  and  ascended  again  in  the 
same  manner  from  that  luminary  with  a  velo- 
city retarded  as  it  had  before  been  accelerated. 
It  was  observed,  particularly  at  Paris   and 
Greenwich,   by  Cassini   and   Flamstead,  by 
whom  it  was  seen  in  the  morning  from  the 
4th  to  the  25th  of  November,  1680,  in  its 
descent  towards  the  sun;  and  after  it  had 
passed  its  perihelion*  in  the  evening,  from 
the  12th  of  December  to  the  9th  of  March, 
1681.     The  many  exact  observations  made 
on  this  comet  enabled  Sir  I.  Newton  to  dis- 
cover that  so  much  of  its  orbit  as  could  be 
traced  by  the  motion  of  the  comet,  while  it 
was  visible,  was,  as  to  sense,  a  parabola,  hav- 
ing the  sun  in  its  focus,  and  that  it  was  one 
and  the  same  comet  that  was  seen  all  lhat 
time.     This  comet  was  remarkable  for   its 
very   near   approach   to  the   sun.      At    its 
perihelion,  it  was  not  above  a  sixth  part  of  >, 
the  sun's  diameter  from  its  surface ;  that  is, 
about  146,000  miles  from  the  surface  of  that 
luminary,  and  584,000  from  its  centre.     Ac- 
cording to  Sir  Isaac  Newton,  the  velocity  of 
this  comet  when  nearest  the  sun  was  880,000 
miles  an  hour.     On  taking  its  perihelion  dis- 
tance,  as  given  by  M.  Pingre,  Mr.  Squire 
found,  by  two  different  calculations,  that  its 
velocity  in  its  perihelion  was  no  less  than 
1 ,240,000  miles  an  hour !     This  velocity  was 
so  great  that,  if  continued,  it  would  have 
carried  it  through  124  degrees  in  an  hour; 
but  its  actual  hourly  motion  during  that  in- 
terval, before  and  after  it  passed  the  perihelion, 
was  81  degrees,  47  minutes.     At  this  period, 
the  diameter  of  the  sun,  as  seen  from  the 
comet,  must  have  subtended  an  angle  of  more 
than  a  hundred  degrees,  which  must  nearly 
have  filled  its  whole  hemisphere. 

From  Dr.  Halley's  determination  of  its 
orbit,  it  appears  that  when  in  its  aphelion,  or 
greatest  distance  from  the  sun,  it  cannot  be 
less  than  13,000,000,000,  or  thirteen  thousand 
millions  of  miles  distant  from  that  luminary ; 
that  is,  seven  times  the  distance  of  Uranus. 
According  to  the  same  astronomer,.this  comet, 
in  passing  through  its  southern  node,  came 
within  the  length  of  the  sun's  semi-diameter 
of  the  orbit  of  the  earth,  that  is,  within  440,000 
miles ;  and  he  remarks,  "  had  the  earth  been 

*  The  perihelion  is  that  point  in  the  orbit  of  any 
planet  or  comet  which  is  nearest  to  the  sun.  U  is 
also  called  the  lower  apsis.  The  aphelion  is  that 
point  in  the  orbit  which  is  furthest  from  the  sun  j 
called,  also,  the  higher  apsis. 
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then  in  that  part  of  its  orbit  nearest  that  node 
of  the  comet,  their  mutual  gravitation  must 
have  caused  a  change  in  the  plane  of  the 
earth's  orbit,  and  in  the  length  of  our  year  ; 
and  if  so  large  a  body  with  so  rapid  a  motion 
were  to  strike  the  earth,  a  thing  by  no  means 
impossible,  the  shock  might  reduce  this  beauti- 
ful frame  to  its  original  chaos."  Modern  ob- 
servations, however,  render  such  deductions 
somewhat  improbable.  The  period  of  this 
comet  is  supposed  to  be  about  575  years.  It 
is  conjectured  that  it  is  the  same  comet  which 
appeared  in  1106,  in  the  reign  of  Henry  I., 
that  was  seen  during  the  consulate  of  Lam- 
padius  and  Orestes,  about  the  year  531,  and 
in  the  forty-fourth  year  before  Christ,  in  which 
year  Julius  Csesar  was  murdered.  Its  nucleus 
was  computed  to  be  about  ten  times  as  large 
as  the  moon.  Its  tail  extended  over  a  space 
of  seventy  degrees  in  extent. 

This  is  the  comet,  to  the  near  approach  of 
which  to  the  earth,  Mr.  Whiston  attributed 
the  universal  deluge  in  the  time  of  Noah. 
His  opinion  was,  that  the  earth,  passing 
through  the  atmosphere  of  the  comet,  attracted 
from  it  a  great  part  of  the  water  of  the  flood ; 
that  the  nearness  of  the  comet  raised  a  great 
tide  in  the  subterranean  waters;  that  this 
could  not  be  done  without  making  fissures 
or  cracks  in  the  outer  crust  of  the  earth ;  that 
through  these  fissures  the  subterraneous  waters 
were  forced ;  that  along  with  the  water  much 
slime  or  mud  would  rise,  which,  after  the 
subsiding  of  the  water  partly  into  the  fissures 
and  partly  into  the  lower  parts  of  the  earth  to 
form  the  sea,  would  cover  over  to  a  consider- 
able depth  the  antediluvian  earth ;  and  thus 
he  accounts  for  trees  and  bones  of  animals 
being  found  at  very  great  depths  in  the  earth. 
The  same  comet,  he  supposed,  when  coming 
near  the  earth  after  being  heated  to  an  im- 
mense degree  in  its  perihelion,  would  be  the 
instrumental  cause  of  that  great  catastrophe, 
the  general  conflagration.  Modern  geological 
researches,  however,  render  all  such  hypo- 
theses utterly  untenable. 

2.  Another  comet  which  has  obtained  a 
certain  degree  of  celebrity  is  that  which  ap- 
peared in  1682,  and  is  usually  distinguished 
by  the  name  of  Halley's  comet.  This  comet 
appeared  with  considerable  splendour,  and 
exhibited  a  tail  thirty  degrees  in  length.  On 
calculating  its  elements  from  its  perihelion 
passage,  Dr.  Halley  was  led  to  conclude  that 
it  was  identical  with  the  great  comets  which 
appeared  in  1456,  1531,  and  1607,  whose 
elements  he  had  also  ascertained.  The  in- 
tervals between  these  periods  being  about 
seventy-five  or  seventy-six  years,  he  was  led 
to  conclude  that  this  was  the  period  of  the 
revolution  of  the  comet,  and  ventured  to  pre- 
dict that  ;t  would  again  return  about  the  latter 
(678) 


part  of  the  year  1758.  As  this  was  the  first 
comet  whose  «return  had  been  predicted,  when 
the  time  of  its  expected  appearance  approached, 
astronomers  became  anxious  to  ascertain 
whether  the  attraction  of  the  larger  planets, 
Jupiter  and  Saturn,  might  not  interfere  with 
its  orbitual  motion,  and  prevent  it  from  arriv- 
ing at  its  perihelion  so  soon  as  the  time  pre- 
dicted. Clairaut,  an  eminent  French  mathe- 
matician, after  many  intricate  and  laborious 
calculations  in  reference  to  the  subject,  con- 
cluded that  the  attraction  of  Saturn  would 
lengthen  the  period  100  days,  and  the  action 
of  Jupiter  518,  making  in  all  618  days,  by 
which  the  expected  return  would  happen 
later  than  if  no  such  influence  had  taken 
place ;  so  that  instead  of  the  period  being  74 
years,  323  days,  it  ought  to  be  76  years,  211 
days  ;  and  as  the  comet  passed  its  perihelion 
on  September  14,  1682,  it  ought  to  reach  the 
same  point  on  April  13,  1759.  These  cal- 
culations were  read  before  the  Academy  of 
Sciences,  on  the  14th  of  November,  1758; 
but  Clairaut  gave  notice  that,  being  pressed 
for  time,  he  had  neglected  in  his  calculations 
small  values,  which  collectively  might  amount 
to  about  thirty  days  in  the  seventy-six  years. 
These  predictions  were  accordingly  verified, 
for  the  comet  appeared  about  the  end  of  De- 
cember, 1758,  and  arrived  at  its  perihelion  on 
the  13th  of  March,  1759,  only  thirty  days  be- 
fore the  time  fixed  by  the  calculations  of 
Clairaut,  who,  upon  repeating  the  process  by 
which  he  had  arrived  at  the  result,  reduced 
this  error  to  nineteen  days.  The  same  comet 
again  made  its  appearance,  according  to  pre- 
diction, in  1835,  of  which  a  particular  account 
will  be  given  in  the  sequel. 

3.  Another  remarkable  comet  made  its  ap- 
pearance in  1744,  which  excited  a  consider- 
able degree  of  attention.  It  was  first  seen  at 
Lausanne,  in  Switzerland,  December  13, 
1 743 ;  from  that  period  it  increased  in  bright- 
ness and  magnitude  as  it  approached  nearer 
the  sun.  On  the  evening  of  January  23, 
1744,  it  appeared  exceedingly  bright  and  dis- 
tinct, and  the  diameter  of  its  nucleus  was 
nearly  equal  to  that  of  Jupiter.  Its  tail  then 
extended  above  1 6  degrees  from  its  body,  and 
was  supposed  to  be  about  23  millions  of  miles 
in  length.  On  the  llth  of  February,  the 
nucleus,  which  had  before  been  always  round, 
appeared  oblong  in  the  direction  of  the  tail, 
and  seemed  divided  into  two  parts  by  a  black 
stroke  in  the  middle.  One  of  the  parts  had  a 
sort  of  beard,  brighter  than  the  tail;  this 
beard  was  surrounded  by  two  unequal  dark 
strokes,  that  separated  the  beard  from  the  hair 
of  the  comet ;  these  odd  phenomena  disap- 
peared the  next  day,  and  nothing  was  seen 
but  irregular  obscure  spaces  like  smoke  in 
the  middle  of  the  tail,  and  the  head  resumed 
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its  natural  form.  On  the  15th  of  February, 
the  tail  was  divided  into  two  branches,  the 
eastern  about  8  degrees  long,  the  western  24. 
On  the  23d  the  tail  began  to  be  bent.  It 
showed  no  tail  till  it  was  as  near  the  sun  as 
t:ic  orbit  of  Mars,  and  it  increased  in  length 
as  it  approached  nearer  that  luminary.  At 
its  greatest  length,  it  was  computed  to  equal 
a  third  part  of  the  distance  of  the  earth  from 
the  sun.*  This  was  one  of  the  most  brilliant 
comets  that  had  appeared  since  that  of  1680. 
Its  tail  was  visible  for  a  long  time  after  its 
body  was  hid  under  the  horizon :  it  extended 
20  or  30  degrees  above  the  horizon,  two  hours 
before  sunrise. 

4.  In  the  month  of  June,  1770,  Messier 
discovered  a  comet,  the  motions  of  which  ap- 
pear to  be  involved  in  a  considerable  degree 
of  mystery.  The  comet  continued  visible  for 
a  long  time.  Lexell  ascertained,  from  ob- 
servation, that  it  described  an  ellipse  around 
the  sun,  of  which  the  greater  axis  was  only 
three  times  the  diameter  of  the  earth's  orbit, 
which  corresponds  with  a  revolution  of  5^ 
years.  It  was  therefore  expected  that  it 
would  again  frequently  make  its  appearance ; 
but  it  has  never  since  been  visible,  although 
it  made  a  pretty  brilliant  appearance  in  1770. 
The  National  Institute  of  France,  not  many 
years  ago,  requested  M.  Burckhardt  to  repeat 
all  the  calculations  with  the  utmost  care-;  and 
the  result  of  his  labour  has  been  a  complete 
confirmation  of  the  elements  obtained  by 
Lexell.  What  has  become  of  this  comet  it 
is  difficult  to  conjecture.  Its  aphelion,  or 
greatest  distance  from  the  sun,  was  reckoned 
to  be  not  far  beyond  the  orbit  of  Jupiter,  and 
that  it  approached  as  near  to  the  earth  as  the 
moon,  and  ought  to  have  appeared  twelve 
times  since  the  year  1770.  M.  Arago  at- 
tempts to  solve  the  difficulty  by  affirming  that 
its  orbit  was  then  totally  different  from  that 

/hich  it  has  since  pursued;  that  its  passage 
to  the  point  of  perihelion  in  1776,  when  it 
was  expected,  took  place  by  day,  and  before 
the  following  return,  the  form  of  the  orbit  was 
so  altered  that  had  the  comet  been  visible  from 
the  earth,  it  would  not  have  been  recognized; 
that  before  1767,  during  the  whole  progress 
of  its  revolutions,  its  shortest  distance  from 
the  sun  was  199,000,000  leagues,  and  that 
after  1779,  the  minimum  distance  became 
131,000,000  leagues,  which  was  still  too  far 
removed  for  the  comet  to  be  perceptible  from 
the  earth.  Sir  David  Brewster  attempts  to 
account  for  its  disappearance  by  supposing 
that  it  must  have  been  attracted  by  one  of  the 
planets  whose  orbit  it  crossed,  and  must  have 
imparted  to  it  its  nebulous  mass ;  and  that  it 
is  probable  the  comet  passed  near  Ceres  and 
Pallas,  and  imparted  to  them  those  immense 

*  Memoirs  of  the  Academy  of  Sciences  for  1744. 


atmospheres  which  distinguish  them  from  all 
the  other  planets.  Whether  any  of  these 
opinions  be  tenable  and  sufficient  to  solve  the 
difficulty,  is  left  entirely  with  the  reader  to 
determine. 

5.  Another  comet,  which  has  engaged  the 
particular  attention  of  astronomers  during  the 
last  twenty  years,  is  distinguished  from  all 
preceding  comets  by  the  shortness  of  its  pe- 
riodic revolution.  It  is  usually  denominated 
Encke's  comet,  so  called  frqm  Professor 
Encke,  of  Berlin,  who  first  ascertained  its  pe- 
riodical return.  It  was  discovered  at  Mar- 
seilles, on  the  26th  November,  1818,  by  M. 
Pons,  and  its  parabolic  elements  were  pre- 
sented to  the  Board  of  Longitude,  at  Paris, 
by  M.  Bouvard,  on  the  13th  of  January,  1819. 
It  was  immediately  remarked  that  the  result 
of  Bouvard's  calculations  was  too  similar  to 
the  elements  of  a  comet  which  appeared  in 
1805,  not  to  consider  that  and  the  one  of  1818 
as  the  same  body ;  and  M.  Encke  soon  after 
established,  by  incontestable  calculations,  that 
this  comet  took  only  about  1200  days,  or  three 
years  and  three-tenths,  to  travel  through  the 
whole  extent  of  its  elliptic  orbit.  This  was 
considered  as  a  very  extraordinary  result,  as 
an  opinion  had  previously  prevailed  that  the 
period  of  a  revolution  of  a  comet  must  neces- 
sarily be  long.  It  now  appears  that  this 
comet  was  first  seen  by  Messier  and  Mechain 
in  1786;  afterwards  by  Miss  Herschel  in 
1795;  and  its  subsequent  returns  were  ob- 
served by  different  astronomers  in  1805  and 
1819,  all  of  whom,  at  those  periods,  supposed 
that  the  four  comets  were  four  different  bodies. 
The  elements  of  this  comet,  and  the  short 
period  of  its  revolution,  are  now  incontrover- 
tibly  established ;  for  its  reappearance  in  the 
southern  hemisphere  in  June,  1822,  took 
place  very  nearly  in  the  positions  previously 
calculated.  The  agreement  was  not  less  re- 
markable in  1825;  and  in  1828,  the  third 
period  of  its  announced  return,  it  occupied  the 
places  assigned  to  it  by  Encke  the  year  pre- 
ceding. It  likewise  appeared  in  1832,  1835, 
and  1838. 

This  comet  is  very  small ;  its  light  is  feeble ; 
it  has  no  tail ;  it  is  invisible  to  the  naked  eye, 
except  in  very  favourable  circumstances,  but 
may  be  seen  with  a  small  magnifying  power. 
It  revolves  in  an  elliptical  orbit  of  considerable 
eccentricity,  having  an  inclination  to  the  plane 
of  the  elliptic  of  13|  degrees.  On  comparing 
the  intervals  between  the  successive  perihe- 
lion passages  of  this  comet,  a  singular  fact 
has  been  elicited,  namely,  that  its  periods  are 
continually  diminishing,  and  its  mean  dis- 
tance from  the  sun  shortening  by  slow  but 
regular  degrees.  This  is  supposed  by  M. 
Encke  to  be  produced  by  a  resistance  expe- 
rienced by  the  comet  from  a  very  rare  ethc- 
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real  medium  pervading  the  regions  through 
which  it  moves ;  since  such  resistance,  by 
diminishing  its  actual  velocity,  would  diminish 
also  its  centrifugal  force,  and  thus  give  the 
sun  more  power  over  it  to  draw  it  nearer.  It 
is  therefore  the  opinion  of  Sir  J.  Herschel, 
that  "  it  will  probably  fall  ultimately  into  the 
sun,  should  it  not  first  be  dissipated  altogether, 
a  thing  no  way  improbable,  when  the  light- 
ness of  its  materials  is  considered,  and  which 
seems  authorized  by  the  observed  fact  of  its 
having  been  less  and  less  conspicuous  at  each 
reappearance."  The  acceleration  of  this 
comet  is  about  two  days  in  each  revolution; 
and  the  frequent  opportunities  of  observation 
which  will  occur,  in  consequence  of  the  short- 
ness of  its  period,  may  lead  to  new  and  inte- 
resting conclusions  in  relation  to  the  nature  of 
these  bodies. 

6.  Besides  the  above,  another  periodical 
comet  has  lately  been  discovered,  which  is 
distinguished  by  the  name  of  Bield's  and 
sometimes  Gambarfs  comet.  This  comet 
was  perceived  at  Johanisberg,  on  the  27th  Feb. 
1826,  by  M.  Biela ;  and  by  M.  Gambart,  at 
Marseilles,  ten  days  afterwards.  Gambart, 
without  delay,  calculated  its  parabolic  ele- 
ments fr»m  his  own  observations,  and  by  in- 
specting a  general  table  of  comets,  he  recog- 
nized that  it  was  not  its  first  appearance,  but 
that  it  had  been  already  observed  in  1789. 
and  1795.  Messrs.  Clausen  and  Gambart 
undertook  the  computation  of  the  comet's  re- 
volution, and  found,  each  of  them  nearly  at 
the  same  time,  that  the  new  comet  made  its 
entire  revolution  round  the  sun  in  a  period  of 
about  seven  years.  It  was  afterwards  found, 
more  accurately,  to  be  2460  days,  or  nearly 
6$  years.  M.  Damoiseau  calculated  the  per- 
turbations of  this  comet,  and  predicted  that  it 
would  cross  the  plane  of  the  earth's  orbit  on 
the  29th  of  October,  1832,  a  little  before 
midnight,  at  a  point  about  18,480  miles 
within  the  orbit  of  the  earth.  According  to 
this  prediction,  the  comet  actually  made  its 
appearance  in  1832  about  the  time  now  spe- 
cified. Its  next  appearance  was  calculated  to 
happen  in  1839 ;  and  it  was  reckoned  that  it 
would  arrive  at  its  perihelion  on  the  23d  July 
of  that  year. 

The  predicted  appearance  of  this  comet  in 
1832  seems  to  have  produced  considerable 
alarm,  particularly  in  France.  Some  German 
journalists  predicted  that  it  would  cross  the 
earth's  orbit  near  the  point  at  which  the  earth 
would  be  at  the  time,  and  cause  the  destruc- 
tion of  our  globe.  Such  was  the  degree  of 
alarm  excited  on  this  occasion,  that  M. 
G  *  *  *,  a  Professor  in  Paris,  put  the  ques- 
tion to  the  Academy  of  Sciences,  whether  it 
did  not  feel  itself  bound  in  duty  to  refute,  as 
•peedily  as  possible,  this  assertion.  "  Popular 


terrors,"  he  observed,  "  are  productive  of  seri 
ous  consequences.  Several  members  of  the 
Academy  may  still  remember  the  accidents 
and  disorders  which  followed  a  similar  throat, 
imprudently  communicated  to  the  Academy 
by  M.  de  Lalande,  in  May,  1773.  Persons 
of  weak  mind  died  of  fright,  and  women  mis- 
carried. There  were  not  wanting  people  who 
knew  too  well  the  art  of  turning  to  their^fed- 
vantage  the  alarm  inspired  by  the  approach- 
ing comet,  and  places  in  paradise  were  sold 
at  a  very  high  rate.  The  announcement  of 
the  comet  of  1832  may  produce  similar  effects, 
unless  the  authority  of  the  Academy  apply  a 
prompt  remedy;  and  this  salutary  interven- 
tion is  at  this  moment  implored  by  many  be- 
nevolent persons."  It  was  supposed  by  some, 
that  if  any  disturbing  cause  should  delay  the 
arrival  of  the  comet  for  one  month,  the  earth 
must  pass  directly  through  its  head. 

In  order  to  dispel  such  fears,  and  to  illus- 
trate the  nature  of  these  bodies,  M.  Arago 
published  an  excellent  and  popular  treatise 
on  comets  in  the  "  Annuaire"  of  1832.  He 
showed  that  the  result  of  the  calculation  was, 
that  the  passage  of  the  comet  ought  to  pro- 
ceed a  little  within  our  orbit,  and  at  a  dis- 
tance from  that  curve,  which  is  equal  to  four 
terrestrial  radii  and  two-thirds,  or  about 
37,000  miles;  that  on  the  29th  October, 
1832,  a  portion  of  the  earth's  orbit  might  be 
included  within  the  nebulosity  of  the  comet ; 
but  that  the  earth  would  not  arrive  at  the 
same  point  of  its  orbit  till  the  morning  of  the 
30th  November,  or  more  than  a  month  after- 
wards ;  and  consequently  that  the  earth  would 
be  more  than  twenty  millions  of  French 
leagues  (or  fifty  millions  of  British  miles) 
distant  from  the  comet.  He  adds,  that  "  if 
the  comet,  instead  of  crossing  the  plane  of  the 
ecliptic  on  the  29th  October,  had  not  arrived 
there  till  the  morning  of  the  30th  November, 
it  would  have  undoubtedly  mingled  its  atmo- 
sphere with  ours,  and  perhaps  even  have 
struck  us  !"  The  earth  is  considered  in  more 
danger,  if  danger  there  be,  from  this  comet 
and  that  of  Encke  than  from  any  other. 
Encke's  comet  crosses  the  orbit  of  the  earth 
sixty  times  in  the  course  of  a  century,  and 
there  is  certainly  a  possibility  that  it  might 
come  into  collision  with  the  earth,  but  the 
probability  of  its  doing  so  is  very  small ;  and, 
besides,  this  comet  and  that  of  Gambart  are 
so  extremely  rare,  that  little  danger  is  to  be 
apprehended,  even  although  a  contact  were 
to  take  place.  Gambart's  is  a  small,  insigni- 
ficant comet,  without  a  tail,  or  any  appear- 
ance whatever  of  a  solid  nucleus,  and  is  not 
distinguishable  by  the  naked  eye. 

7.  The  Comet  of  1807.  This  was  the  first 
comet  on  which  I  had  an  opportunity  of 
making  observations.  My  first  observation 
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was  on  the  evening  of  October  the  8th,  1807, 
a  little  after  sunset,  when  it  appeared  in  a 
north-westerly  direction,  not  far  distant  from 
Arcturus,  which  was  then  only  a  little  above 
the  horizon.  To  thp  naked  eye  it  appeared 
somewhat  like  a  dim  nebulous  star  of  the 
second  magnitude,  with  a  beam  of  light  on 
one  side  of  it.  Through  a  telescope,  its  tail 
presented  a  pretty  brilliant  appearance,  and 
occupied  a  space  of  considerably  more  than  a 
degree  in  length.  The  coma  seemed  to  have 
a  roundish,  but  dim  and  undefined  appear- 
ance, and  appeared  more  indistinct  as  the 
magnifying  power  was  increased.  When 
viewed  with  an  achromatic  telescope  of  thirty- 
one  inches  focal  distance,  and  a  power  of 
thirty,  it  presented  a  very  distinct  and  beauti- 
ful appearance,  and  the  nucleus,  coma,  and 
tail,  nearly  filled  the  field  of  view.  When  a 
power  of  sixty  was  applied,  it  was  much  more 
indistinct  than  with  the  former  power,  and  in 
all  the  subsequent  observations  the  lower 
power  was  generally  preferred.  In  the  course 
of  five  or  six  weeks,  or  about  the  middle  of 
November,  it  disappeared  to  the  naked  eye. 
I  traced  it  with  the  telescope,  as  often  as  the 
weather  would  permit,  for  two  or  three  months 
after  it  had  become  invisible  to  the  unassisted 
sight,  and  found  that  its  apparent  motion  was 
pretty  rapid,  and  towards  the  north-east 
About  the  middle  of  January,  1808,  at  eleven 
p.  M.,  it  appeared  in  a  direction  north-east  by 
north ;  and  at  this  time  it  appeared  through 
the  telescope  like  a  small  nebulous  star,  or 
like  those  species  of  comets  called  bearded 
comets,  having  no  trace  of  any  thing  similar 
to  a  tail.  The  last  time  I  saw  it  was  about 
the  end  of  January,  when  it  was  still  distinctly 
visible,  like  a  nebulous  star;  but  cloudy 
weather  for  nearly  a  fortnight  prevented  any 
further  observations,  and  I  saw  it  no  more. 
On  the  evening  in  which  I  had  the  last  peep 
of  it,  I  detected  another  comet  within  eight 
or  ten  degrees  of  it,  which  appeared  like  a 
star  of  the  third  magnitude,  and  exhibited  a 
pretty  brilliant  appearance  through  the  tele- 
scope. It  had  no  tail,  like  the  former  comet, 
but  appeared  surrounded  with  radiant  hairs 
like  the  glory  which  painters  represent  around 
the  head  of  our  Saviour.  It  continued  visible 
for  several  weeks ;  but  I  have  not  seen  any 
particular  notices  of  this  second  comet,  or  any 
special  observations  on  it,  which  have  been 
recorded  ly  astronomers. 

This  comet  appears  to  have  been  first  no- 
ticed by  Herschel  and  Schroeter  about  the  4th 
of  October,  1807,  who  continued  their  obser- 
vations upon  it  for  several  months.  Accord- 
ing to  Schroeter's  observations  and  estimates, 
the  diameter  of  the  nucleus  of  this  comet  was 
about  4600  miles,  or  nearly  the  size  of  the 
planet  Mars,  and  appeared  to  be  of  consider- 


able density;  the  diameter  of  its  coma,  120,000 
miles,  but  liable  at  different  times,  to  varia- 
tions of  increase  and  decrease  ;  and  its  rate 
of  motion,  at  certain  periods,  1,333,380  miles 
a  day,  or  55,557  miles  an  hour.  Its  tail  was 
divided  in  a  very  unusual  manner  into  two 
separate  branches;  the  north  side  continued 
much  brighter  and  better  defined  than  the 
other,  and  was  also  invariably  convex,  while 
the  other  side  was  concave.  But  what  was 
deemed  most  remarkable  was  the  variation  in 
length  and  the  coruscations  of  the  tail.  Some- 
thing like  coruscation  had  been  observed  by 
the  naked  eye  in  the  case  of  preceding  comets, 
and  such  phenomena  appear  to  have  been 
confirmed  by  the  observations  of  Schroeter. 
In  less  than  one  second,  streamers  shot  forth 
to  two  and  a  half  degrees  in  length  ;  they  as 
rapidly  disappeared  and  issued  out  again, 
sometimes  in  proportions  and  interrupted  like 
our  northern  lights.  Afterwards  the  tail  va- 
ried both  in  length  and  breadth,  and  in  some 
of  the  observations,  the  streamers  shot  from 
the  whole  expanded  end  of  the  tail,  sometimes 
here,  and  sometimes  there,  in  an  instant,  two 
and  a  half  degrees  long,  so  that  within  a  sin- 
gle second  they  must  have  shot  out  a  distance 
of  4,600,000  miles.  Their  light  was  also 
sometimes  whiter  and  clearer  at  the  end  than 
at  the  base,  as  is  occasionally  seen  in  the 
northern  lights.  Some  have  objected  to  the 
extreme  rapidity  of  the  streamers  as  here 
stated,  but  the  fact  of  coruscations  having  been 
seen  appears  to  be  confirmed  by  the  observa- 
tions of  this  celebrated  and  accurate  observer. 
The  observations  of  Herschel  on  this  comet 
differ  in  some  respects  from  those  of  Schroeter, 
particularly  in  the  estimate  he  makes  of  the 
size  of  the  nucleus,  which  he  reckons  to  be 
considerably  smaller  than  what  has  been 
stated  above. 

Fig.  78  is  a  view  of  this  comet  as  seen  on 
the  night  of  October  21st  by  Schroeter.  Fig. 
79  is  a  view  of  the  same  comet  as  seen  by 
Bessel,  October  22d,  at  eight  in  the  evening ; 
both  which  exhibit  its  divided  tail. 

8.  The  most  remarkable  comet  which  has 
appeared  in  modern  times,  since  that  of  1680, 
was  the  comet  0/1811.  About  the  beginning 
of  September  in  that  year,  about  eight  or  nine 
in  the  evening,  as  I  was  taking  a  random 
sweep  with  my  telescope  over  the  north-west- 
ern quarter  of  the  heavens,  an  uncommon 
object  appeared  to  pass  rapidly  across  the  field 
of  view,  which  on  examination  appeared  to  be 
a  splendid  comet.  Not  having  heard  of  the 
appearance  of  any  such  body  at  that  time,  I 
was  led  to  imagine  that  I  had  fortunately  got 
the  first  peep  of  this  illustrious  stranger;  but 
I  afterwards  learned  from  the  public  prints 
that  it  had  been  seen  a  day  or  two  before  by 
Mr.  Neitch,  in  the  neighbourhood  of  Kelso, 
(681) 


158 


SIDEREAL  HEAVENS. 


who  appears  to  have  been  the  first  that  ob- 
served it   in  this  country.     This  comet  ap- 

Fi.r,  78. 


surements,  which  gave  1'  49"  as  the  mean 
angular  diameter  of  the  body ;  that  this  great 
body  was  in  all  probability  chiefly  fluid,  though 
its  central  parts  might  consist  of  denser  sub- 
stances ;  and  that  there  was  reason  to  believe 
that  it  shone  with  its  own  native  light.  The 
coma  was  extremely  rarefied  in  comparison 
with  the  nucleus,  resembling  a  very  faint 
whitish  light,  scattered  in  separate  portions. 
It  was  divided  into  two ;  one  immediately  en- 
compassing the  nucleus,  the  other  of  a  more 
faint  and  grayish  light,  sweeping  round  it  at 
a  distance,  and  forming  the  double  tail  which 
the  comet  presented.  The  train,  or  head  veil, 
»s  he  terms  it,  swept  around  the  nucleus,  at  a 
(682) 


peared  with  peculiar  splendour,  and  was  visi- 
ble, even  to  the  naked  eye,  for  more  than 
three  months  in  suc- 
cession, and  excited 
universal  attention.  It 
afforded  to  astronomers 
more  opportunities  for 
observation  of  its  physi- 
cal aspect  and  constitu- 
tion, and  for  determin- 
ing the  elements  of  its 
orbit,  than  almost  any 
other  comet  that  had 
previously  appeared. 
The  two  celebrated  ob- 
servers, Herschel  and 
Schroeter,  made  nu- 
merous and  very  par- 
ticular observations  on 
the  phenomena  and 
motions  of  this  comet, 
which  were  continued 
every  clear  evening  for 
the  space  of  nearly  five 
months.  Some  of  these 
observations,  along 
with  the  remarks  and 
deductions  connected 
with  them,  are  ex- 
tremely interesting  to 
the  astronomical  ob- 
server ;  but  my  limits 
will  permit  only  a 
statement  of  the  gene- 
ral results. 

Some  of  the  results 
deduced  by  Schroeter 
are  the  following  :— * 
That  the  central  globe 
of  light,  or  what  he 
calls  the  nucleus,  was 
50,000  miles  in  diam- 
eter, or  nearly  six  and  a 
half  times  the  diameter 
of  the  earth,  which  he 
deduced  from  the  mean 
of  twenty-seven  mea- 
distance  equal  to  its  breadth,  and  appeared  as 
unconnected  as  the  ring  of  Saturn  with  its 
body,  and  which  sometimes  appeared  darker 
than  the  open  sky.  The  diameter  of  this  exte- 
rior part  of  the  head  was  34'  15",  or  about  947,- 
000  miles,  which  is  larger  than  the  diameter  of 
the  sun,  and  which  he  thinks  must  have  formed 
a  hollow  cone  around  the  nucleus,  and  which 
he  thought  indicated  a  force  of  a  repulsive  na- 
ture residing  in  the  nucleus.  Between  the 
4th  and  6th  of  December  a  great  revolution 
took  place;  the  rarefied  nebulous  matter, 
which  had  for  three  months  been  so  unusually 
repelled  from  the  nucleus  on  every  side,  to 
a  distance  of  about  one-fifth  of  the  diameter 
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of  the  head,  or  190,000  miles,  was  again 
attracted  to  it,  affording  an  incontrovertible 
proof  of  physical  action  upon  a  great  scale, 
arising  doubtless  from  the  same  causes  which 
produce  the  other  phenomena  of  nature.  The 
double  tail  or  this  comet  was  exceeding  faint 
compared  with  the  nucleus  and  coma.  On 
the  23d  of  October,  it  extended  fully  eighteen 
degrees,  notwithstanding  its  oblique  position, 
the  angle  at  the  sun  being  then  61°  23';  at 
the  earth,  69°  ;  and  at  the  comet,  49°  37'. 
Had  it  been  viewed  at  right  angles,  it  would 
have  subtended  an  angle  of  36°  36',  equiva- 
lent to  more  than  60,000,000  of  miles,  which 
is  more  than  half  the  distance  from  the 
earth  to  the  sun.  Coruscation,  similar  to 
those  which  appeared  in  the  tail  of  the  comet 
of  1807,  were  likewise  perceived,  particularly 
on  October  the  16th,  when  a  small  tail  instan- 
taneously appeared,  then  vanished,  and  reap- 
peared, which  was  in  length  equal  to  three 
times  the  diameter  of  the  comet's  head,  or 
2,373,000  miles.  Other  displays  of  the  same 
kind  took  place  on  the  7th  of  November  and 
the  18th  of  December.  These  facts,  of  the 
reality  of  which  Schroeter  entertained  not  the 
least  doubt,  must  be  considered  as  very  curious 
and  extraordinary  phenomena.* 

Herschel's  observations  nearly  agree  with 
those  of  Schroeter,  excepting  that  he  estimates 
the  diameter  of  the  nucleus  as  very  much 

*  Having  referred,  on  various  occasions,  to  the 
observations  of  that  indefatigable  astronomer, 
Schroeter,  of  Lilienthal,  it  may  not  be  uninterest- 
ing to  some  readers  to  insert  the  account  of  the 
losses  he  sustained  by  the  burning  and  plunder  of 
his  observatory,  as  expressed  in  his  own  pathetic 
language  : 

"  At  length,  after  the  most  touching  afflictions 
of  mortality,  I  once  more  awake  in  my  temple 
consecrated  to  the  Eternal  Godhead,  and  am  again 
able,  after  a  total  derangement  of  my  affairs,  to 
edit  these  collections  concerning  the  great  comet 
of  1811.  Through  the  most  barbarous  fury,  in  con- 
sequence of  an  equally  barbarous  decision,  the 
whole  innocent  soft  vale  of  Lilies  [the  significa- 
tion of  the  name  of  Lilienthal,  where  his  obser- 
vatory was  situated]  was  burnt  to  the  ground, 
without  any  previous  examination.  They  like- 
wise burnt  down  the  royal  government  buildings. 
1  lost  my  whole  movable  property,  and,  what 
was  most  sensibly  felt  by  me,  amongst  it,  with  a 
considerable  loss  also  to  the  booksellers  of  Eu- 
rope, the  sole  copy  of  the  whole  of  rny  works  and 
writings  deposited  in  the  government  house. 
Even  my  observatory  preserved  by  Providence 
from  the  firn,  was  a  few  days  afterwards  broken 
into,  plundered,  and  shamefully  thrown  into  con- 
fusion by  demolishing  the  clocks,  breaking  off  the 
finders  from  the  instruments,  and  carrying  off  the 
smaller  instruments.  Previously,  indeed,  having 
been  removed  from  my  post,  my'income  had  gra- 
dually become  so  very  straitened,  I  was  obliged 
to  forego  all  but  the  most  necessary  outlays,  and 
to  give  myself  up  to  a  scientific  slumber.  Under 
the  endurance  of  these  troubles  all  my  scientific 
patrons  and  friends  will  doubtless,  as  far  as  pos- 
sible, excuse  me,  if  through  melancholy,  and  on 
account  of  the  extraordinary  high  rate  of  postage, 
I  have  been  compelled  to  put  out  of  sight  so  many 
obligations  of  courtesy  ;  for  to  the  present  time 


smaller  than  what  is  stated  above.  He  esti- 
mates the  greatest  length  of  the  tail,  as  seen 
on  the  15th  of  October,  to  have  been  100,- 
000,000,  or  a  hundred  millions  of  miles,  which 
consequently  extended  over  a  space  larger 
than  that  which  intervenes  between  the  earth 
and  the  sun ;  and  its  breadth,  as  deduced 
from  the  observations  of  October  the  12th, 
nearly  fifteen  millions  of  miles.  He  calculated 
its  distance  when  nearest  to  the  earth  to  be 
about  113  millions  of  miles.  He  concluded 
that  the  solid  matter  of  the  comet  was  spheri- 
cal, that  it  shone  in  part  by  its  own  native 
light,  and  that  it  probably  had  a  rotation  round 
its  axis.  From  the  most  accurate  observations 
of  the  motion  of  this  comet,  its  period  of 
revolution  has  been  calculated  to  exceed  3000 
years.  Bessel  computes  it  at  3383  years ; 
and  several  other  astronomers  conceive  its 
period  to  be  considerably  longer,  even  exceed- 
ing 4000  years. 

9.  Reappearance  of  Halhy's  Comet  in 
1835.  The  return  of  this  comet  was  calcu- 
lated by  Messrs.  Damoiseau  and  Pontecoulant ; 
the  former  of  whom  calculated  its  return  to 
the  perihelion  on  the  4th,  and  the  latter  on 
the  7th  of  November,  1835,  and  it  actually 
arrived  at  that  point  only  a  few  days  after 
these  periods,  namely,  on  the  1 6th  of  Novem- 
ber. It  was  first  seen  on  the  continent  in  the 
month  of  August  that  year,  but  does  not  ap- 
pear to  have  been  noticed  in  the  northern 
parts  of  Britain  till  more  than  a  month  after- 
wards. Its  expected  reappearance  excited 
universal  attention  throughout  Europe.  Soon 
after  the  middle  of  September,  as  I  was  taking 
a  sweep  with  a  two-feet  telescope  over  the 
north-eastern  quarter  of  the  heavens,  near  the 
point  where  I  expected  its  appearance,  I  hap- 
pened to  fix  my  eye  on  this  long-expected  visi- 
ter,  which  appeared  very  small  and  obscure. 
I  immediately  directed  an  excellent  three  and 
a  half  feet  achromatic  telescope,  with  a  diago- 
nal eye-piece,  magnifying  about  thirty-four 
times,  to  the  comet,  when  it  was  distinctly 
seen,  and  appeared  of  a  considerable  diameter, 
but  still  somewhat  hazy  and  obscure.  I  after- 
wards applied  a  power  of  forty-five,  and 
another  of  ninety-five  ;  but  it  was  seen  most 
distinctly  with  the  lower  power.  With  ninety- 
five  it  appeared  extremely  obscure,  and  nearly 
of  the  apparent  size  of  the  moon.j-  There 
appeared  at  this  time  nothing  like  a  tail,  but 

every  thing  is  so  straitened  with  me  that  my  ob- 
servatory, from  want  of  time  and  heavy  expenses 
is  for  the  most  part  a  confusion. 

"JOH.  HlERONYM.  SCHROETER." 

"Lilienthal,  Jan.  22,  1815." 

Schroeter  did  not  long  survive  the  calamity  al- 
luded to  above.  He  died  on  the  29th  of  August, 
1816,  in  the  71st  year  of  his  age. 

fin  viewing  comets,  telescopes  with  large  aper- 
tures and  comparatively  low  magnifying  powers 
should  generally  be  used,  as  the  faint  light  emit? 
(683) 
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the  central  part  was  much  more  luminous 
than  the  other  portions  of  the  comet,  and  pre- 
sented something  like  the  appearance  of  a  star 
of  the  third  or  fourth  magnitude  surrounded 
with  a  haze.  In  some  of  the  views  I  took  of 
this  object,  the  luminous  part  or  nucleus  ap- 
peared to  be  considerably  nearer  one  side  than 
another.  At  this  period,  and  for  a  week  or 
ten  days  afterwards,  the  comet  was  altogether 
invisible  to  the  naked  eye.  Many  subsequent 
observations  were  made,  and  published  in  the 
provincial  newspapers,  but  which  my  present 
limits  prevent  me  from  inserting. 

After  the  comet  became  visible  to  the  naked 
eye,  the  tail  began  to  appear,  and  increased  in 
length  as  it  approached  its  perihelion,  and  at 
its  utmost  extent  was  estimated  to  be  above 
thirty  degrees  in  length.  On  the  13th  of  Oc- 
tober, according  to  the  observations  of  Arago, 
a  luminous  sector  was  visible  in  its  head ;  on 
the  day  following,  the  sector  had  disappeared, 
and  a  more  brilliant  one  and  of  greater  longi- 
tudinal extent  was  formed  in  another  place. 
This  second  sector  was  observed  on  the  17th, 
when  it  appeared  less  bright ;  and  on  the  1 8th 
its  weakness  had  decidedly  increased.  The 
comet  was  concealed  till  the  21st,  but  on  that 
day  three  distinct  sectors  were  visible  in  the 
nebulosity.  On  the  23d,  all  traces  of  these 
sectors  had  disappeared,  the  nucleus,  which 
had  previously  been  brilliant  and  well-defined, 
having  become  so  large  and  diffuse  that  the 
observer  could  scarcely  believe  in  the  reality 
of  such  a  sudden  and  important  alteration,  till 
he  satisfied  himself  that  the  appearance  was 
not  occasioned  by  the  moisture  on  the  glasses 
of  his  instrument.  It  appears,  likewise,  that 
one  of  these  luminous  fans  or  sectors  was  ob- 
served  by  Sir  J.  Herschel,  at  the  Cape  of 
Good  Hope,  after  the  comet  had  passed  its 
perihelion.  The  nebulosity  of  this  comet  ap- 
pears to  have  increased  in  magnitude  as  it  ap- 
proached the  sun,  but  its  changes  were  some- 
times unaccountably  rapid.  On  one  occa- 
sion it  was  observed  to  become  obscure  and 
enlarged  in  the  course  of  a  few  hours,  though 
a  little  before,  its  nucleus  was  clear  and  well- 
defined.  On  the  1 1th  of  October,  the  Rev.  T. 
W.  Webb,  and  two  other  observers,  observed 
coruscations  in  the  tail.  On  that  evening, 
at  7h  3(X,  the  tail  was  very  conspicuous,  ex- 
tending between  »  and  y  Draconis,  and  evi- 
dently fluctuated,  or  rather  coruscated,  in 
length,  being  occasionally  short,  and  then 
stretching  m  the  twinkling  of  an  eye  to  its  full 
extent,  which  was  at  least  equal  to  ten  de- 
grees. Its  changes  were  extremely  similar  to 
the  kindling  and  fading  of  a  very  faint  streamer 
Df  the  Aurora  Borealis. 

ted  by  comets,  whether  it  be  inherent  or  reflected, 
will  not  permit  the  use  of  so  high  magnifying 
powers  as  may  be  applied  to  the  planets. 
(684) 


"  The  influence  of  the  ethereal  medium  on 
the  motion  of  Halley's  comet  will  ba  known 
after  another  revolution,  and  future  astrono- 
mers will  learn,  by  the  accuracy  of  its  returns, 
whether  it  has  met  with  any  unknown  cause 
of  disturbance  in  its  distant  journey.  Undis- 
covered planets  beyond  the  visible  boundary 
of  our  system  may  change  its  path  and  the 
period  of  its  revolution,  and  thus  may  indirectly 
reveal  to  us  their  existence,  and  even  their 
physical  nature  and  orbit.  The  secrets  of  the 
yet  more  distant  heavens  may  be  disclosed  to 
future  generations  by  comets  which  penetrate 
still  further  into  space,  such  as  that  of  1763, 
which,  if  any  faith  may  be  placed  in  the  com- 
putation, goes  nearly  43  times  further  from 
the  sun  than  Halley's  does,  and  shows  that 
the  sun's  attraction  is  powerful  enough  at  the 
distance  of  144,600  millions  of  miles  to  recall 
the  comet  to  its  perihelion.  The  periods  of 
some  comets  are  said  to  be  many  thousand 
years,  and  even  the  average  time  of  the  revolu- 
tion of  comets  generally  is  about  a  thousand 
years ;  which  proves  that  the  sun's  gravitating 
force  extends  very  far.  La  Place  estimates  that 
the  solar  attraction  is  felt  throughout  a  sphere 
whose  radius  is  a  hundred  millions  of  times 
greater  than  the  distance  of  the  earth  from  the 
sun."  "  The  orbit  of  Halley's  comet  is  four 
times  longer  than  it  is  broad;  its  length  is 
about  3420  millions  of  miles,  about  36  times 
the  mean  distance  of  the  earth  from  the  sun. 
At  its  perihelion  it  comes  within  57  millions 
of  miles  of  the  sun,  and  at  its  aphelion  it  is 
60  times  more  distant.  On  account  of  this 
extensive  range,  it  must  experience  3600  times 
more  light  when  nearest  to  the  sun  than  in 
the  most  remote  point  of  its  orbit.  In  the 
one  position  the  sun  will  seem  to  be  four  times 
larger  than  he  appears  to  us,  and  at  the  other 
he  will  not  be  apparently  larger  than  a  star.* 

The  appearance  of  this  comet,  so  near  the 
time  predicted  by  astronomers,  and  in  positions 
so  nearly  agreeing  with  those  which  were  pre- 
viously calculated,  is  a  clear  proof  of  the  as- 
tonishing accuracy  which  has  been  introduced 
into  astronomical  calculations,  and  of  the 
soundness  of  those  principles  on  which  the 
astronomy  of  comets  is  founded.  It  likewise 
shows,  that  comets,  in  general,  are  permanent 
bodies  connected  with  the  solar  system,  and 
that  no  very  considerable  change  in  their  con- 


*  Mrs.  Somerville's  "  Connexion  of  the  Physi- 
cal Sciences,"  a  work  which,  though  written  in 
a  popular  style,  would  do  honour  to  the  first  phi- 
losophers of  Europe.  Of  this  lady's  profound 
mathematical  work  on  the  "  Mechanism  of  the 
Heavens,"  the  Edinburg  Reviewers  remark — "It 
is  unquestionably  one  of  the  most  remarkable 
works  that  female  intellect  ever  produced  in  any 
age  or  country  ;  and  with  respect  to  the  present 
day,  we  hazard  little  in  saying,  that  Mrs.  Somer 
ville  is  the  only  individual  of  her  sex  in  the  world 
who  could  have  written  it." 
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stitution  takes  place  while  traversing  the  dis- 
tant parts  of  their  Orbits.* 

From  the  preceding  historical  sketches  and 
descriptions,  the  reader  will  learn  something 
of  the  general  phenomena  of  comets ;  and  I 
shall  now  briefly  inquire  into  the  opinions 
which  have  been  formed  respecting  the 

PHYSICAL    COUSTITUTlOSr    OF    COMETS. 

On  this  subject  our  knowledge  is  very  im- 
perfect ;  in  fact,  we  may  be  said  to  know 
little  or  nothing  of  the  physical  construction 
of  those  mysterious  bodies,  or  of  the  nature 
of  the  substances  of  which  they  are  composed. 
In  regard  to  the  nebulosity  of  comets,  where 
there  appears  no  nucleus,  it  has  been  con- 
jectured to  be  composed  of  something  analo- 
gous to  globular  masses  of  vapour,  slightly 
condensed  towards  the  centre,  and  shining 
either  by  inherent  light  or  by  the  reflected 
rays  of  the  sun.  When  there  is  a  nucleus  in 
the  centre  of  a  comet,  it  seldom  happens  that 
the  nebulosity  extends  to  it  with  a  gradually 
increasing  intensity.  On  the  contrary,  the 
parts  of  the  nebulosity  near  the  nucleus  are 
but  slightly  luminous,  and  seem  to  be  ex- 
tremely rarefied  fand  transparent.  At  some 
distance  from  their  centre,  their  shining 
quality  is  suddenly  increased,  so  that  it  looks 
like  a  ring  of  invariable  size  resting  in  equi- 
librium around  the  centre.  Sometimes  two, 
and  even  three  of  these  concentric  rings  have 
been  perceived  separated  by  intervals;  but 
what  appears  to  be  a  ring  must  in  reality  be 
a  spherical  covering,  an  idea  ofwhich  may 
be  formed  by  imagining,  in  our  atmosphere, 
at  three  different  heights,  three  continued 
layers  of  clouds  entirely  covering  the  globe. 
The  matter  of  the  nebulosity  is  so  rare  and 
transparent  that  the  smallest  stars  may  fre- 
quently be  seen  through  it. 

As  to  the  nucleus,  it  is  generally  con- 
sidered as  the  solid  or  densest  part  of  the 
comet.  The  nuclei  of  comets  are  sometimes 
very  similar  to  the  disks  of  planets,  both  in 
form  and  brightness.  They  are  generally 
small  compared  with  the  whole  size  of  the 
comet ;  but  in  some  cases  they  are  of  con- 
siderable magnitude,  as  we  have  already 
stated  in  respect  to  the  comets  of  1807  and 
1811.  Some  suppose  that  the  nuclei  of  comets 

*  The  most  particular  observations  on  Halley's 
comet,  during  its  appearance  in  1835,  which  I  have 
seen,  are  those  which  were  made  by  the  Rev.  T. 
W.  Webb,  of  Tretire,  near  Ross,  an  account  of 
which,  with  deductions  and  remarks,  was  read  to 
the  Worcestershire  Natural  History  Society. 
The  observations  were  made  with  an  excellent 
achromatic  telescope  by  Tulley,  of  5  feet  6  in- 
ches focal  length,  and  4  7-10  inches  aperture. 
Through  the  kindness  of  this  gentleman  I  was  fa- 
voured with  a  manuscript  copy  of  these  observa- 
tions, and  would  have  availed  myself  of  many  of 
nis  judicious  remarks,  had  my  limits  permitted. 


are  transparent,  as  well  as  their  nebulosities, 
and  allege  as  a  proof  that  stars  have  been 
seen  through  a  nucleus.  Thus,  Montaigne  is 
said  to  have  seen  a  star  of  the  sixth  magni- 
tude through  the  nucleus  of  a  small  comet, 
and  Olbers  saw  a  star  of  the  seventh  magni- 
tude, although  it  was  covered  by  a  comet,  and 
without  its  light  being  rendered  less  powerful , 
but  the  accuracy  of  such  observations  has 
been  called  in  question.  On  the  other  hand, 
it  has  been  concluded  that  the  nucleus  of  a 
comet  has  on  several  occasions  eclipsed  a  star 
which  was  in  the  same  line  of  vision. 
Messier,  when  observing  the  small  comet  of 
1 774,  perceived  a  star  which  was  eclipsed  by 
the  opaque  body  of  a  comet,  or  at  least,  all 
the  circumstances  attending  it  led  to  that 
conclusion.  On  the  28th  of  Nov.  1828,  at 
10h  30'  P.M.,  M.  Wartmann,  at  Geneva/per- 
ceived a  star  of  the  eighth  magnitude  com- 
pletely eclipsed  by  Encke's  comet.  Comets 
have  likewise  been  observed  to  transit  the 
disk  of  the  sun  like  dark  spots.  M.  Gambart, 
of  Marseilles,  calculated  that  a  comet  which 
he  had  observed  would  pass  across  the  sun  on 
the  morning  of  the  18th  of  November,  1826, 
and  both  he  and  M.  Flaucerques  were  success- 
ful in  obtaining  a  sight  of  it  during  its  transit. 
Mr.  Capel  Llofft,  on  the  6th  June,  1818,  at 
1 1  A.  M.,  saw  a  body  passing  over  the  sun's 
disk,  which  appears  to  have  been  a  comet. 
It  was  likewise  seen  on  the  same  day  by  Mr. 
Acton,  at  21'  30',  considerably  advanced  be- 
yond the  point  in  which  it  was  seen  at  1 1 
A.  M.,  and  its  progress  over  the  disk  seems  to 
have  exceeded  that  of  Venus  in  transit. 
These  observations  seem  evidently  to  indicate 
that  some  comets  at  least  have  nuclei  com- 
posed of  solid  and  opaque  materials.  From 
all  the  observations  in  relation  to  this  point, 
collected  by  M.  Arago,  he  deduces  the  follow- 
ing conclusions :  1 .  That  there  exist  some 
comets  destitute  of  the  nucleus.  2.  That 
there  are  other  comets,  the  nuclei  of  which 
are  transparent.  3.  That  there  are  also 
comets,  which  are  more  brilliant  than  the 
planets,  the  nuclei  of  which  are  probably  solid 
and  opaque. 

In  respect  to  the  tail,  or  luminous  train 
which  generally  accompanies  comets,  it  is 
found  that  it  is  generally  in  opposition  to  the 
sun,  or  on  the  prolongation  <,f  the  line  which 
would  join  the  sun  and  the  nucleus.  But 
this  is  not  always  the  case.  Sometimes  the 
direction  of  the  tail  has  been  found  at  right 
angles  with  this  line ;  and  in  some  extra- 
ordinary instances,  the  tails  of  comets  have 
been  observed  to  point  directly  towards  the 
sun.  This  was  the  case  with  a  comet  that 
appeared  in  1824,  which  for  about  eight  days 
exhibited  an  additional  luminous  train  in 
opposition  to  that  which  assumed  the  ordinary 
3  M  (685) 
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direction.  This  anomalous  tail,  according  to 
Olbers,  was  7°  long,  while  the  other  was 
only  3J°,  and  it  was  bright  enough  to  be  seen 
with  an  opera-glass.  In  general,  however,  it 
is  found  that  the  tail  inclines  constantly  to- 
wards the  region  last  quitted  by  the  comet,  as 
if  in  its  progress  through  an  ethereal  medium, 
the  matter  forming  it  experienced  more  re- 
sistance than  that  of  the  nucleus.  The  tail 
is  generally  enlarged  in  proportion  to  its  dis- 
tance from  the  head  of  the  comet,  and  in  cer- 
tain cases  it  is  divided  into  several  branches, 
as  already  noticed  of  the  comet  of  1807. 
Some  have  supposed  that  the  divided  tail  is 
nothing  more  than  a  perspective  representa- 
tion of  the  sides  of  a  great  hollow  cone ;  but 
there  are  certain  observations  which  seem  to 
prove  that,  in  some  cases,  they  have  a  sepa- 
rate existence  as  independent  branches.  The 
most  remarkable  instance  of  a  divided  tail 
was  in  the  comet  of  1744.  On  the  6th  and 
7th  of  March,  there  were  six  branches  in  the 
tail,  each  of  them  about  4°  in  breadth,  and 
from  30°  to  40°  long.  Their  edges  were 
pretty  well  defined  and  tolerably  bright;  their 
middle  emitted  but  a  feeble  light,  and  the  in- 
tervening spaces  were  as  dark  as  the  rest  of 
the  firmament.  The  tails  of  comets,  as  al- 
ready noticed,  sometimes  cover  an  immense 
space  in  the  heavens.  The  comet  of  1G80 
had  a  tail  which  extended  to  68°,  that  of  1811 
to  23°,  and  that  of  1769  to  97°  in  length ;  so 
that  some  of  these  tails  must  have  reached 
from  the  zenith  to  the  horizon.  The  length 
of  the  tail  of  the  comet  of  1680,  estimated  in 
miles,  was  112,750,000;  that  of  1769,44,- 
000,000 ;  and  that  of  1744,'  8,250,000  miles. 
A  body  moving  at  the  rate  of  20  miles  every 
hour  would  not  pass  over  the  space  occupied 
by  the  tail  of  the  comet  of  1680  in  less  than 
643  years.  It  has  been  supposed  by  some 
astronomers  that  certain  changes  in  the  ap- 
pearance of  the  tails  of  comets  arise  from  the 
rotation  of  the  cometary  body  ;  as  some  comets 
have  been  supposed  to  rotate  about  an  axis 
passing  through  the  centre  of  the  tail,  such 
as  that  of  1825,  which  was  concluded  from 
certain  appearances,  to  perform  its  rotation 
in  20  hours,  30  minutes. 

As  to  the  nature  of  the  immense  tails  of 
comets,  their  origin,  or  the  substances  of  which 
they  are  composed,  we  are  entirely  ignorant, 
and  it  would  be  wasting  time  to  enter  into 
any  speculation  on  this  subject,  as  nothing 
could  be  presented  to  the  view  of  the  reader 
but  vague  conjectures,  gratuitous  hypotheses, 
and  unfounded  theories. 

MISCELLANEOUS    IIEMAIIKS    Olf    COMETS. 

1.  Whether  comets  shine  with  their  own 
native  light,  or  derive  their  light  from  the 
ntn  ? — This  is  a  question  about  which  there 


have  been  different  opinions,  and  at  the  pre 
sent  moment  it  may  be  considered  as  still  uc 
determined,  though  the  probability  is,  that  in 
general,  they  derive  their  light  from  the  same 
source  as  the  planets.     It  appears  to  have 
been  the  opinion  of  both  Schroeter  and  Her- 
schel,  that  the  comet  of  1811  shone  by  in- 
herent light ;  and  the  rapid  variations  which 
have  been  observed  in  the  brightness  of  the 
nucleus,  and  the  coruscations  of  the  tail,  are 
considered  by  some  as  inexplicable  on  any 
other  hypothesis.      It  is   likewise  supposed 
that  certain  phenomena  which  have  been  ob- 
served in  the  case  of  faint  and  rarefied  comets 
tend  to  corroborate  the  same  position.     For 
example,  Sir  J.  Herschel,  on  September  23, 
1832,  saw  a  small  group  of  stars  of  the  16th 
and   17th  magnitude  through  the  comet  of 
Biela.     Though  this  group  could  have  been 
effaced  by  the  most  trifling  fog,  yet  they  were 
visible  through  a  thickness  of  more  than  50,- 
000  miles  of  cometary  matter ;  and  therefore 
it  is  supposed  scarcely  credible  that  so  trans- 
parent a  material,  affording  a  free  passage  to 
the  light  of  such  minute  stars,  could  be  capa- 
ble of  arresting  and  reflecting  to  us  the  solar 
rays.     On  the  other  hand,  it  has  been  ob- 
jected to  this  opinion,  that  comets  have  ap- 
peared as  dark  spots  on  tho  disk  of  the  sun ; 
that  their  light  exhibits  traces  of polarization  ,• 
and  that  they  have  been  occasionally  observed 
to  exhibit  phases.     M.  Arago  remarks,  that 
u  on  the  very  day  that  any  comet  shall  ap- 
pear with  a  distinct  phase,  all  doubts  on  this 
subject  will*  have  ceased."     But   it   is  con- 
sidered doubtful  whether  any  decided  phase 
has  yet  been  perceived,  although  some  ob- 
servers were  led,  from  certain  phenomena,  to 
infer  that  something  like  a  phase  was  pre- 
sented to  their  view.     It  is  found  that  all 
direct  light  constantly  divides  itself  into  two 
points  of  the  same  intensity  when  it  traverses 
a  crystal  possessing  the  power  of  double  re- 
fraction ;  reflected  light  gives,  on  the  contrary, 
in  certain  portions  of  the  crystal  through  which 
it  is  made  to  pass,  two  images  of  unequal  in- 
tensity, provided  the  angle  of  reflection  is  not 
90° ;  in  other  words,  it  is  polarized  in  the 
act  of  reflection.    On  this  principle,  M.  Arago 
pointed  out  a  phometrical  method  of  deter- 
mining whether  comets  borrow  their   light 
from  the  sun,  or  are  luminous  in  themselves. 
On  the  23d  of  October,  1835,  having  applied 
his   new   apparatus   to    the   observation   of 
Halley's    comet,   he    immediately   saw   two 
images  presenting  the  complementary  colours, 
one  of  them  red,  the  other  green.     By  turn- 
ing the  instrument  half  round,  the  red  image 
became  green,  and  vice  versa.   He  concluded 
therefore  that  the  light  of  the  comet,  at  least 
the  whole  of  it,  is  not  composed  of  rays  pos- 
sessing the  property  of  direct  light,  but  con- 
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sists  of  that  which  is  polarized  or  reflected 
specularly  :  that  is,  of  light  derived  from  the 
sun.  These  experiments  were  repeated  with 
the  same  result  by  thre?  other  observers  in 
the  Observatory  of  Paris. 

2.  It  appears  to  b'e  a  remarkable  fact  in  re- 
spect to  comets,  that  the  real  diameter  of  'he 
nebulosity  increases  proportionably  as  the 
comet   BECOMES    DISTANT   from    the  sun. 
Hevelius  appears  to  have   been  the  first  who 
made  this  observation ;  but  it  seems  to  have 
been  overlooked,  and  even  an  opposite  posi- 
tion maintained.     As  the  tails  of  comets  in- 
crease in  length  as  they  approach  their  peri- 
helia, so  it  was  generally  considered  that  the 
nebulosities  followed  the  same  law ;  but  the 
observations  which  have  lately  been  made  on 
Biela's  comet  have  confirmed  the  observations 
of  Hevelius.     On  the  28th  of  October,  1828, 
this  comet  was  found  to  be  nearly  three  times 
further  from  the  sun  than  on  the  24th  of  De- 
cember, or  in  the  proportion  of  1.4617,  to 
0.5419,  yet  in  October  its  diameter  was  about 
twenty-six  times  greater  than  in  December, 
or  in  the  proportion  of  79.4  to  3.1 ;  that  is,  its 
solid  contents  on  the  28th  of  October  were 
16,800  times  greater  than  on  the  24th  of  De- 
cember, and  the  smallest  size  of  the  comet 
corresponded'  to  its  least  distance  from  the 
sun.     M.  Valz,  of  Nimes,  and  Sir  John  Her- 
schel  have  attempted  to  account  for  this  cir- 
cumstance on  very  different  principles,  but 
neither  hypothesis  appears  to  be  satisfactory. 

3.  Whether  a   comet  may  ever  come  in 
contact  with  the  earth,  and  produce  a  con- 
cussion?— As  comets  move  in  orbits  which 
form  extremely  elongated  ellipses;   as  they 
move  in  all  imaginable  directions;  as  they 
fa-averse  almost  every  part  of  the  solar  system 
in  returning  from  the  furthest  verge  of  their 
excursions ;  as  they  penetrate  within  the  inte- 
rior of  the  planetary  orbits — even  within  the 
orbit  of  Mercury,  and  cross  the  orbits  of  the 
earth  and  the  other  planets,  it  is  not  impos- 
sible that  a  comet  may  come  in  contact  with 
our  globe.   An  apprehension  of  such  an  event 
produced  a  considerable  degree  of  alarm  on 
the  Continent  at  different  periods,  particularly 
in  1773  and   1832,  as  formerly  stated.     But 
when  we  consider  the  immense  cubical  space 
occupied  by  the  planetary  system  in  which 
the  comets  move,  and  compare  it  with  the 
small  capacities  of  these  bodies ;  and  when  we 
take  into  view  certain  mathematical  calcula- 
tions in  reference  to  the  subject,  the  probabi- 
lity  of  a  shock  from  a  comet  is  extremely 
small.     "  L<^  u°  suppose,"  says  Arago,  "a 
comet  of  which  we  only  know  that  at  its  pe- 
rihelion it  is  nearer  the  sun  than  we  are,  and 
that  its  diameter  is  one-fourth  of  that  of  the 
earth,  the  calculation  of  probabilities  shows 
that  of  281,000,000  of  chances  there  is  only 


one  unfavourable,  there  exists  but  one  which 
can  produce  a  collision  between  the  two 
bodies.  As  for  the  nebulosity,  in  its  most 
general  dimensions,  the  unfavourable  chances 
will  be  from  ten  to  twenty  in  the  same  num- 
ber of  two  hundred  and  eighty-one  millions. 
Admitting  then,  for  a  moment,  that  the  comets 
which  may  strike  the  earth  with  their  nuclei 
would  annihilate  the  whole  human  race,  then 
the  danger  of  death  to  each  individual,  result- 
ing from  the  appearance  of  an  unknow/i 
comet,  would  be  exactly  equal  to  the  risk  he 
would  run  if  in  an  urn  there  was  only  one 
single  white  ball  of  a  total  number  of  281,- 
000,000  balls,  and  that  his  condemnation  to 
death  would  be  the  inevitable  consequence  of 
the  white  ball  being  produced  at  the  first 
drawing." 

When  we  consider  that  a  Wise  and  Al- 
mighty Ruler  superintends  and  directs  the 
movements  of  all  the  great  bodies  in  the  uni- 
verse, and  the  erratic  motions  of  comets  among 
the  rest ;  and  that  no  event  can  befall  our 
world  without  his  sovereign  permission  and 
appointment,  we  may  repose  ourselves  in  per- 
fect security  that  no  catastrophe  from  the  im- 
pulse of  celestial  agents  shall  ever  take  place 
but  in  unison  with  his  will,  and  for  the  ac- 
complishment of  the  plans  of  his  universal 
providence.  At  the  same  time,  the  possi- 
bility of  a  shock  from  a  large  comet  shows  us 
that  this  earth  and  all  its  inhabitants  are  de- 
pendent for  their  present  existence  and  com- 
forts on  the  will  of  an  Almighty  Agent,  "  in 
whom  we  live,  and  move,  and  have  our  being;" 
and  that  were  it  conformable  to  his  allwise 
and  eternal  designs,  he  could  easily  disarrange 
the  structure  of  our  globe,  and  reduce  its  in- 
habitants either  to  misery  or  to  complete 
destruction ;  and  that,  too,  without  altering  a 
single  physical  law  which  now  operates 
throughout  the  universe. 

If  we  recognize  the  Scriptures  as  a  revela- 
tion from  God,  we  may  rest  assured  that  no 
danger  from  such  a  cause  can  happen  to  our 
world  for  ages  yet  to  come ;  for  there  are 
many  important  predictions  contained  in  re- 
velation which  have  not  yet  received  then* 
accomplishment,  and  must  be  fulfilled  before 
any  fatal  catastrophe  can  happen  to  our 
globe.  It  is  predicted  that  the  Jews  shall  bo 
brought  into  the  Christian  church  "  with  the 
fulness  of  the  Gentiles," — that  "  the  idols  of 
the  nations  shall  be  abolished," — that  "  wars 
shall  cease  to  the  ends  of  the  earth," — that 
the  kingdom  of  Messiah  shall  extend  over  all 
nations, — that  "  the  knowledge  of  Jehovah 
shall  cover  the  earth,  and  that  all  shall  know 
him  from  the  least  to  the  greatest," — that 
"  the  earth  shall  yield  its  increase,"  and  its 
desolate  wastes  be  cultivated  and  inhabited, — 
that  moral  order  shall  prevail,  and  "  righteous- 
(687) 
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ness  and  praise  spring  forth  before  all  the 
nations," — and  that  this  happy  era  of  the 
world  shall  centinue  during  a  lapse  of  ages. 
These  events  have  not  yet  been  accomplished, 
though  at  the  present  moment  they  appear 
either  in  a  state  of  commencement  or  of  pro- 
gression ;  but  they  cannot  be  supposed  to  be 
fully  realized  till  after  a  lapse  of  centuries. 
The  believer  in  Divine  revelation,  therefore, 
has  the  fullest  assurance  that,  whate%'er  di- 
rections comets  may  take  in  then*  motions 
towards  the  centre  of  oui  system,  none  of 
them  shall  be  permitted  to  impinge  upon  our 
globe,  or  to  effect  its  destruction,  for  at  least  a 
thousand  years  to  come,  or  till  the  above  and 
other  predictions  be  completely  accomplished. 
4.  Another  question  occurs  on  this  sub- 
ject— namely,  whether  any  comets  have  ever 
fallen  into  the  sun  ? — It  was  the  opinion  of 
Sir  Isaac  Newton  that  one  purpose  for  which 
comets  are  destined  is,  to  recruit  the  sun 
with  fresh  fuel,  and  repair  the  great  consump- 
tion of  his  light  by  the  streams  continually 
emitted  every  way  from  that  luminary ;  and 
that  such  comets  as  come  very  near  the  sun 
in  their  perihelions  meet  every  time  with  so 
much  resistance  from  his  atmosphere  as  to 
abate  their  projectile  force ;  by  the  constant 
diminution  of  which,  the  centripetal  power, 
or  gravitation  towards  the  sun,  would  be  so 
increased  as  to  make  them  fall  into  his  body. 
On  a  similar  principle,  Arago  supposes  that 
the  comet  of  1680,  which  approached  so  near 
the  body  of  the  sun,  must  have  passed  nearer 
to  his  surface  at  that  time  than  at  its  preced- 
ing apparitions ;  that  the  decrease  in  the 
dimensions  of  the  orbit  will  Continue  on  each 
succeeding  return  to  its  point  of  perihelion ; 
and  that  "  it  will  terminate  its  career  by  fall- 
ing upon  the  sun"  But  he  acknowledges 
that,  "  from  our  ignorance  of  the  densities  of 
the  various  strata  of  the  sun's  atmosphere,  of 
that  of  the  comet  of  1680,  and  of  the  time  of 
its  revolution,  it  will  be  impossible  to  calculate 
after  how  many  ages  this  extraordinary  event 
is  to  happen  •"  and  he  likewise  admits  that 
"  the  annals  of  astronomy  do  not  afford  any 
reason  to  suppose  the  previous  occurrence  of 
such  an  event  since  the  origin  of  historical 
record ;"  so  that  we  have  no  direct  evidence 
that  such  an  event  has  ever  taken  place,  or 
that  it  ever  will.  We  know  too  little  of  the 
physical  constitution  of  the  sun,  and  of  the 
nature  of  comets,  to  be  able  to  assert  that  the 
falling  of  a  comet  into  the  sun  would  actually 
recruit  the  luminous  matter  of  which  his 
outer  surface  is  composed ;  for  we  have  rea- 
son to  believe  that  there  is  little  or  no  ana- 
logy between  the  mode  in  which  we  supply 
our  fires  by  means  of  fagots,  and  that  by 
tvhich  the  solar  light'  is  recruited  and  pre- 
served iu  its  pristine  vigour ;  and  besides,  it 


is  found  that  bodies,  particularly  in  certain 
electric  states,  may  be  rendered  luminous 
without  the  addition  of  any  extraneous  body 
to  their  substances. 

OF  THE  INFLUENCE  OF  COMETS  ON  THE 
EAH.TH. 

In  former  times  the  appearance  of  comets 
was  supposed  to  be  the  forerunner  of  wars, 
revolutions,  famine,  pestilence,  the  deaths  of 
great  men,  earthquakes,  inundations  and 
other  calamities.  When  the  splendid  comet 
of  1456  .appeared,  (supposed  to  be  the  same 
as  Halley's  comet,),  its  tail  extended  at  one 
time  over  more  than  60  degrees.  Three  days 
before  its  perihelion,  its  nucleus  was  as  bright 
as  a  fixed  star,  its  tail  of  the  colour  of  gold, 
and  it  appears  to  have  exhibited  coruscations. 
Pope  Calixtus,  believing  it  to  be  at  once  the 
sign  and  instrument  of  Divine  wrath,  was  so 
frightened  at  its  appearance  that  he  ordered 
public  prayers  to  be  offered  up  in  every  town, 
and  the  bells  to  be  tolled  at  the  noon  of  each 
day,  to  warn  the  people  to  supplicate  the 
mercy  of  Heaven.  He  at  the  same  time  ex- 
communicated both  the  comet  and  the  Turks, 
whose  arms  had  lately  proved  victorious 
against  the  Christians,  and  established  the 
custom,  which  still  exists  in  Catholic  coun- 
tries, of  ringing  the  church  bells  at  noon.  In 
modern  times,  certain  natural  effects  have 
likewise  been  attributed  to  the  influence  of 
comets ;  such  as  tempests,  hurricanes,  volca- 
nic eruptions,  cold  or  hot  seasons,  overflow- 
ings of  rivers,  fogs,  dense  clouds  of  flies  or 
locusts,  the  plague,  the  dysentery,  the  cholera, 
and  other  disorders. 

Mr.  T.  Forster,  a  respectable  writer  on  na- 
tural science,  author  of  "  Researches  about 
Atmospherical  Phenomena,"  &c.,  published 
in  1829  a  work  on  the  "Atmospherical 
Causes  of  Epidemic  Diseases,"  in  which  he 
maintains  that  the  most  unhealthy  periods 
are  those  during  which  some  great  comet  has 
been  seen ;  that  the  appearance  of  these 
bodies  has  been  accompanied  by  earthquakes, 
eruptions  of  volcanoes,  and  atmospheric  com- 
motions ;  and  that  no  comet  has  been  seen 
during  seasons  of  healthiness.  For  example, 
in  the  year  1665  a  comet  made  its  appear- 
ance, and  soon  after  its  disappearance,  the 
city  of  London  was  ravaged  by  the  plague. 
In  1680  one  of  the  most  splendid  comets 
which  have  been  observed  in  modern  times 
made  its  appearance.  The  atmospheric  effect 
produced  by  its  influence,  according  to  Mr. 
Forster,  was  "  a  cold  winter,  followed  by  a 
dry  and  hot  summer,"  and  "  meteors  in  Ger- 
many." As  the  influence  of  comets  on  our 
globe  and  its  atmosphere  (if  such  an  influ- 
ence exist)  must  have  a  respect  to  the  whole 
earth,  and  not  merely  to  any  particular  por- 


SUPPOSED  INFLUENCE  OF  COMETS. 


165 


tion  of  it,  we  might  ask,  in  reference  to  the 
first  example^  why  did  not  the  comet  of  1665 
produce  a  similar  effect  in  Amsterdam,  Vien- 
na, Paris  and  Madrid,  and  in  the  principal 
cities  of  Asia,  Africa,  and  America  1  But  of 
such  effects  we  never  had  the  least  intimation. 
In  respect  to  the  second  example,  we  are 
warranted  to  inquire,  whether  the  cold  wintef 
was  followed  by  a  hot  summer  in  every  other 
climate  of  the  earth  1  whether  meteors  were 
as  common  in  other  countries  as  in  Germany  ] 
and  whether  the  comet  produced  opposite 
effects,  at  one  time  congealing  the  pools  and 
rivers,  and  at  another  scorching  the  earth 
with  heat?  If  such  questions  cannot  be 
satisfactorily  answered,  we  are  not  warranted 
in  attributing  such  effects  to  the  influence  of 
comets. 

We  err  egregiously,  in  this  as  well  as  in 
many  other  respects,  when  we  infer,  from  two 
contemporaneous  events,  that  the  one  is  either 
the  sign  or  the  cause  of  the  other.  It  is  on 
a  principle  of  this  kind  that  some  persons  are 
led  to  attribute  the  events  to  which  we  have 
alluded  to  the  influence  of  comets.  Because 
an  inundation,  a  war,  a  political  convulsion, 
or  a  volcanic  eruption  has  taken  place  at  the 
time  of  the  approach  of  a  comet  to  this  part 
of  our  system,  therefore  they  conclude  that 
there  must  be  a  certain  connexion  between 
such  events,  and  that  the  one  is  the  cause, 
and  the  other  the  effect ;  while  the  two  events, 
in  point  of  fact,  may  not  have  the  slightest 
relation  to  each  other,  except  their  casual  oc- 
currence at  the  same  period.  We  might,  on 
the  same  grounds,  infer  that  the  rising  of  the 
star  Siring  along  with  the  sun,  which  an- 
nounced to  the  Egyptians  the  rise  of  the  Nile, 
was  the  cause  of  the  annual  overflowing  of 
that  river.  Before  we  can  identify  any  event 
with  the  influence  of  a  comet,  we  must  not 
confine  our  views  to  an  event  or  two  in  our 
immediate  neighbourhood,  but  must  endeavour 
to  ascertain  whether  similar  events  or  phe- 
nomena have  happened  on  every  part  of  the 
earth  at  the  same  period.  As  comets,  either 
large  or  small,  either  visible  to  the  naked  eye 
or  through  a  telescope,  make  their  appearance 
at  an  average  almost  every  year,  and  as  epi- 
demics, political  commotions,  earth  quakes,  hur- 
ricanes and  similar  events  are  always  to  be 
found  occurring  in  some  particular  portions 
of  the  globe,  we  should  never  be  at  a  loss  for 
a  physical  cause  to  account  for  every  thing  that 
happens  here  below,  if  comets  are  to  be  sup- 
posed to  have  such  an  influence  over  terres- 
trial affairs.  Whatever  takes  place  in  any 
country  of  an  uncommon  nature  might  then 
be  attributed  to  a  comet  which  is  either  ap- 
proaching the  centre  of  our  system  or  reced- 
ing from  it. 

It  is  remarkable  that  the  announcement  of 
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a  comet  has  generally  been  received  with 
melancholy  anticipations,  and  the  effects  at- 
tributed to  its  influence  have  uniformly  been 
of  a  calamitous  nature.  But  why  should  it 
not  be  the  precursor  of  prosperous  events — of 
peace,  plenty,  social  tranquillity,  and  genial 
seasons — as  well  as  of  wars,  famines,  revo- 
lutions, cold  winters,  and  parched  summers  1 
It  seems  something  like  a  reflection  on  the  gene- 
ral benevolence  of  the  Deity  to  imagine  that  he 
has  created  such  a  vast  number  of  bodies,  and 
directed  their  course  through  every  part  of 
the  planetary  regions,  chiefly  for  the  purpose 
of  "  shaking  from  their  horrid  hair"  wars, 
famines,  and  pestilence ;  for  if  they  produce 
such  effects  upon  the  earth,  we  might  with 
equal  reason  believe  that  they  produce  similar 
effects  on  the  other  planets  of  our  system  as 
they  pass  along  in  their  course  towards  the 
sun ;  and  this  would  lead  us  to  infer  that  the 
inhabitants  of  all  the  planetary  orbs  are  liable 
to  the  same  disasters  and  calamities  as  the  in- 
habitants of  the  earth,  a  position  which  seems 
scarcely  consistent  with  the  boundless  benevo- 
lence of  the  Divine  mind. 

But  although  I  do  not  admit  the  conclusions 
and  the  cometary  influences  to  which  I  have 
alluded,  I  am  far  from  asserting  that  comets 
have  no  influence  whatever  over  our  globe  or 
its  surrounding  atmosphere.  The  universe  is 
one  great  whole,  and  all  its  parts,  however  re- 
mote, must  be  supposed  to  have  a  certain  re- 
lation to  one  another ;  and  they  may  produce 
an  influence,  however  small  and  imperceptible, 
on  each  other  at  the  greatest  distances.  The 
remotest  star  perceptible  to  the  eye  may  pro- 
duce a  certain  physical  influence  on  our  globe, 
though  so  small  and  insensible  as  to  be  beyond 
the  limits  of  the  nicest  calculation ;  and  there- 
fore comets  which  sometimes  approach  pretty 
near  the  earth  may  produce  a  certain  sensible 
effect  upon  our  globe,  particularly  should  a 
portion  of  their  immense  tails  at  any  time 
sweep  along  the  higher  regions  of  our  atmo- 
sphere. But  what  special  influence  or  effects 
they  may  produce  on  the  physical  economy 
of  our  terrestrial  system  it  is  impossible  for 
us  in  the  mean  time  distinctly  to  ascertain, 
from  our  ignorance  of  the  constitution  of  those 
mysterious  bodies,  and  of  the  substances  of 
which  they  are  composed.  While  too  much 
has  doubtless  been  attributed  to  the  influence 
of  comets,  it  would  be  verging  to  an  opposite 
extreme  to  maintain  that  they  can  produce  no 
effect  at  all  on  our  earth  and  atmosphere. 
We  know  that  certain  celestial  bodies  produce 
a  powerful  influence  on  our  globe.  The  moon, 
in  conjunction  with  the  solar  influence,  rules 
the  ocean  and  perpetuates  the  regular  returns 
of  ebb  and  flow.  Its  light  not  only  cheers 
our  winter  nights,  but  produces  a  variety  of 
other  influences  both  on  the  human  constitu- 
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lion,  on  the  other,  they  are  always  found  to 
undergo  a  corresponding  diminution  or  in- 
crease of  temperature.  When,  therefore,  in 
the  approach  of  a  comet  to  the  sun,  all  the 
parts  of  its  nebulous  envelope  and  tail  which 
in  the  remoter  regions  of  its  course  had  been 
gathered  close  about  the  head,  become  ex- 
panded and  attenuated,  a  very  large  propor- 
tion of  the  solar  heat,  which  would  otherwise 
have  passed  into  the  nucleus,  and  contributed 
to  raise  its  temperature  to  a  certain  point,  is 
carried  off  by  the  envelope  and  tail,  in  order 
to  preserve  an  equilibrium  among  the  several 
parts."  Mr.  Milne  proves  that,  if  we  assume 
that  the  nebulous  matter  is  elevated  about 
30  times  its  former  height,  the  diminution  of 
density  corresponding  with  the  increase  of 
volume  will  amount  to  27,000,  and  that  a 
quantity  of  caloric  will  be  abstracted  corres- 
ponding to  1,215,000°  of  Fahrenheit.  He 
further  shows  that,  "  when  the  comet  retires 
towards  its  aphelion,  where  the  heat  of  the 
sun  becomes  so  much  weakened  on  account 
of  the  distance,  the  condensation  of  the  nebu- 
lous matter  forming  the  tail  and  envelope 
serves  not  only  to  furnish  the  nucleus  with 
continual  supplies  from  the  heat  acquired  at 
the  perihelion,  but  even  to  render  the  warm- 
ing influence  of  the  solar  rays  much  more 
efficacious  than  at  a  less  remote  part  of  the 
comet's  orbit."* 

The  extremes  of  heat  and  cold,  therefore, 
in  comets  may  not  be  so  great  as  at  first  view 
we  should  be  apt  to  imagine,  and  their  con- 
stitution may  be  such  as  is  not  incompatible 
with  the  idea  that  they  are  inhabited  by  ani- 
mated beings.  We  are  not,  however,  to  sup- 
pose that  the  constitution  of  beings  like  man 
would  be  adapted  to  the  circumstances  and 
changes  to  which  comets  are  subjected,  nor 
is  such  a  supposition  necessary  in  order  to 
prove  their  inhabitability.  For  in  the  case  of 
all  worlds,  and  beings,  we  must  necessarily 
admit  that  the  Creator  has  adapted  the  con- 
stitution of  the  inhabitants  to  the  nature  of 
the  habitation.  We  find  a  striking  variety 
in  this  respect  in  the  constitution  of  the  nu- 
merous orders  of  sentient  beings  that  people 
the  globe  on  which  we  live ;  and  a  similar 
variety  doubtless  exists  in  the  peculiar  con- 
stitutions of  the  inhabitants  of  the  different 
planets,  and  of  all  the  worlds  in  the  universe. 
For  any  thing  we  can  prove  to  the  contrary, 
some  of  the  comets  may  be  the  abodes  of 
greater  happiness  than  is"  to  be  found  in  our 
sublunary  world,  and  may  be  peopled  with 
intelligences  of  a  higher  order  than  the  race 
of  man.  In  consequence  of  the  extensive  re- 
gions through  which  they  move,  and  the 
variety  of  objects  which  will  successively 
burst  upon  their  view,  their  prospects  of  the 
*  Milne,  Prize  Essay  on  Comets,  Part  IV. 
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scenes  of  the  universe  will  be  far  mor&  diver 
sified  and  expansive  than  those  of  the  inha- 
bitants of  the  planets. 

At  one  period  they  will  behold  the  stu- 
pendous globe  of  the  sun  filling  a  great  por- 
tion of  their  celestial  hemisphere,  and  be 
enabled  to  contemplate  the  august  and  splen- 
did operations  going  on  upon  its  surface  and 
in  its  luminous  atmosphere,  a  spectacle  of 
grandeur  which  must  be  beyond  conception 
sublime  and  overpowering.  At  another  pe- 
riod they  will  be  enabled  to  survey,  at  no  great 
distance,  the  phenomenon  and  economy  of 
some  of  the  planetary  worlds.  The  comet 
of  1744  passed  within  180  terrestrial  diam- 
eters, or  1,440,000  miles  of  the  earth's 
surface,  at  which  time  its  inhabitants  (if 
any)  would  enjoy  an  interesting  view  of  our 
earth  and  moon,  with  their  diversified  mo- 
tions, and  the  general  aspect  of  their  sur- 
faces. The  same  comet  twice  traversed  the 
system  of  Jupiter's  satellites,  when  the  mag- 
nificent globe  of  Jupiter  would  appear  at 
least  300  times  larger  than  the  moon  appears 
to  us,  and  when  its  satellites  would  likewise 
present  a  very  large  and  splendid  appear- 
ance. From  such  a  position,  even  with  eyes 
such  as  ours,  assisted  by  telescopes,  all  the 
diversity  of  surface  of  this  huge  globe,  as 
presented  in  its  diurnal  rotation,  with  the 
changes  of  its  belts,  and  the  peculiar  scenery 
of  its  satellites,  would  be  distinctly  perceived. 
Above  all,  the  system  of  Saturn  will  present 
a  most  magnificent  spectacle  to  the  inhabit- 
ants of  a  comet  when  it  passes  through  the 
regions  in  its  immediate  vicinity.  Its  expan- 
sive rings,  filling  a  considerable  portion  of 
the  visible  firmament,  their  rapid  rotation 
round  the  planet,  the  vast  globe  of  Saturn 
itself,  and  the  numerous  satellites  which 
accompany  it,  in  all  their  different  phases 
and  rapid  motions,  will  present  a  scene  at 
once  diversified  and  sublime.  To  the  inha- 
bitants of  comets,  many  vast  bodies  within 
the  range  of  our  system  may  be  visible, 
which  we  have  never  yet  discovered,  and 
which  may  never  be  perceptible  from  the 
region  we  occupy.  Traversing  vast  regions 
of  space  far  beyond  the  orbit  of  Uranus, 
and  perhaps  approaching  to  the  nearest 
stars,  worlds  may  be  presented  to  their  view 
of  which  we  have  no  conception,  and  the 
planets  which  revolve  around  other  suns 
may  be  distinguishable  in  the  remoter  parts 
of  their  course.  Enjoying  such  diversified 
and  extensive  prospects  of  the  operations  of 
Omnipotence,  the  intellectual  beings  who 
reside  on  those  bodies  will  acquire  more  ex- 
pansive views  than  the  inhabitants  of  the 
earth  of  the  vast  scene  of  nature  and  of  the 
perfections  of  that  All  wise  and  Almighty 
Being  whose  power  brought  into  existence, 
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and  whose  incessant  energy  sustains  in  being, 
all  the  worlds  in  the  universe. 

The  number  of  comets  is  supposed  by  some 
astronomers  to  amount  to  several  millions ; 
and  if  so,  they  must  frequently  pass  near 
each  other  in  their  long  eccentric  courses,  and 
consequently  the  beings  connected  with  them 
will  have  their  prospects  of  other  worlds 
wonderfully  diversified  and  continually  ex- 
panding. It  is  likewise  supposed  that  comets 
sometimes  extend  their  excursions  to  other 
suns.  On  this  point  M.  Lambert  has  the 
following  remarks :  "  I  shall  suppose  that  a 
glpbe  in  our  system  begins  to  describe  a  para- 
bola. If  this  curve  closes  and  returns  into 
itself,  the  globe  will  remain  with  us,  and  ac- 
quire a  periodical  motion  round  the  sun.  If, 
on  the  contrary,  it  extends  its  limits,  so  as  to 
become  a  hyperbola,  the  globe  will  recede 
more  and  more  from  the  sun,  and  leave  us, 
never  to  return.  Were  we  to  pursue  the 
fugitive  in  idea,  we  should  see  it  perhaps  at 
the  end  of  some  thousands  of  years  flit  along  the 
frontiers  of  our  system  and  dive  into  a  neigh- 
bouring world.  The  central  body  of  this 
world  would  then  exercise  its  attraction  over 
the  new  visitor,  and  give  a  curvature  to  his 
orbit.  From  that  moment  one  of  two  things 
would  happen.  Either  its  path  would  change 
into  an  ellipse,  in  which  case  its  travels  would 
be  at  an  end,  and  it  would  proceed  to  make 
regular  revolutions  round  the  dominant  star 
of  that  system ;  or,  perhaps,  after  passing  its 
perihelion,  it  would  again  resume  its  hyper- 
bolic progress,  and  approaching  the  asymptote, 
withdraw  in  a  straight  line,  and  proceed  to 
visit  other  worlds.  Thus  we  can  conceive 
comets  which,  being  attached  to  no  particular 
system,  are  in  common  to  all,  and  which, 
roaming  from  one  world  to  another,  make  the 
tour  of  the  universe.  I  ask  why,  in  the  in- 
finite variety  which  the  Creator  has  intro- 
duced into  his  works,  such  globes  should  not 
have  a  place  1  Their  destination  may  em- 
brace the  wisest  purposes,  concerning  which 
we  may  be  allowed  to  speculate." 

This  celebrated  philosopher  concludes  his 
remarks  on  comets  with  the  following  reflec- 
tions, which,  although  somewhat  fanciful, 
may  not  be  unworthy  of  the  attention  of  the 
reader : 

"I  love  to  figure  to  myself  those  travelling 
globes,  peopled  with  astronomers,  who  are 
stationed  there  for  the  express  purpose  of  con- 
templating nature  on  a  large,  as  we  contem- 
plate it  on  a  small  scale.  Their  movable 
observatory  cruising  from  sun  to  sun,  carries 
them  in  succession  through  every  different 
point  of  view,  places  them  in  a  situation  to 
eurvey  all,  to  determine  the  position  and  mo- 
tian  of  each  star,  to  measure  the  orbits  of  the 
planets  and  comets  which  revolve  round  them, 


to  observe  how  particular  are  resolved  into 
general  laws,  in  one  word,  to  get  acquainted 
with  the  whole  as  well  as  the  detail.  We 
may  suppose  that  their  year  is  measured  by 
the  length  of  their  route  from  one  sun  to 
another.  Winter  falls  in  the  middle  of  their 
journey ;  each  passage  of  a  perihelion  is  the 
return  of  summer ;  each  introduction  to  a  new  ^ 
world  is  the  revival  of  spring ;  and  the  period 
of  quitting  it  is  the  beginning  of  their  autumn. 
The  place  of  their  abode  is  accommodated  to 
all  their  distances  from  the  fixed  stars,  and 
the  different  degrees  of  their  heat  make  the 
fruits  and  vegetables  designed  for  their  use 
blossom  and  ripen.  Happy  intelligences, 
how  excellent  must  be  the  frame  of  your  na- 
ture !  Myriads  of  ages  pass  away  with  you 
like  so  many  days  with  the  inhabitants  of  the 
earth.  Our  largest  measurements  are  your 
infinitely  small  quantities ;  our  millions  the 
elements  of  your  arithmetic ;  we  breathe  but 
a  moment ;  our  lot  is  error  and  death,  yours 
science  and  immortality.  All  this  is  agree- 
able to  the  analogy  of  the  works  of  creation. 
The  frame  of  the  universe  furnishes  matter 
of  contemplation  as  a  whole  as  well  as  in 
each  of  its  parts.  There  is  not  a  point  that 
does  not  merit  our  observation ;  this  magnifi- 
cent fabric  is  portioned  out  in  detached  parts 
to  created  beings  ;  but  it  is  in  the  unity  of  the 
whole  that  sovereign  perfection  shines ;  and 
can  we  suppose  that  this  whole  has  no  ob- 
servers] The  imagination,  indeed,  after  so  • 
sublime  a  flight,  may  be  astonished  at  its  own 
temerity;  but,  in  short,  here  the  cause  is  pro- 
portioned to  the  effect,  and  there  is  nothing 
great  or  small  in  immensity  and  eternity." 

OIT    THE    MOTIONS    AND    ORBITS    OF    COMETS. 

When  a  comet  comes  within  the  limits  of 
our  view,  its  apparent  motion  is  from  east  to 
\vpst,  and  it  generally  appears  to  rise  and  set 
Jike  most  of  the  other  heavenly  bodies.    This 
motion,  however,  like  that  of  the  diurnal  mo- 
tion of  the  sun  and  planets,  is  only  apparent, 
and  arises  from  the  rotation  of  the  earth  upon 
its  axis.    Besides  this  apparent  motion,  it  has 
a  real  and  proper  motion  of  its  own,  by  which 
it  is  continually  shifting  its  place  in  the  hea- 
vens, in  conformity  to  the  nature  of  the  orbit 
in  which  it  moves.     "  The  proper  course  of  a 
comet  may  be  found  by  observing  every  night 
its  distance  from  two  fixed  stars  whose  longi- 
tudes and  latitudes  are  known ;  or  by,  finding 
its  altitude  when  in  the  same  azimuth  with 
two  known  fixed  stars;    or  by  noting  four 
fixed  stars  in  the  point  of  intersection  of  the 
two   lines   connecting  which   the   fvmiet   is 
found.     If  the  places  of  the  comet,  as  thus 
observed  every  night,  be  marked  on  the  celes- 
tial globe,  a  line  drawn  through  them  will 
represent  the  comet's  path  among  the  stars ;  a 
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great  circle  drawn  through  three  distant 
places  will  nearly  show  the  way  it  has  to  go. 
Jf  it  be  continued  ti  i  it  intersect  the  ecliptic, 
it  will  show  nearly  the  place  of  the  node  and 
the  inclination  of  the  orbit  to  the  ecliptic."* 
There  is,  however,  a  practical  difficulty  which 

Fig.  82. 


perplexes  the  observer  in  attempting  to  as- 
certain the  true  form  of  a  cometary  o.bit.  A 
comet  remains  so  short  a  time  in  sight,  and 


Fig.  83. 


and  brightness  as  it  came  nearer  to  the  sun,  and 

grew  shorter  and  fainter  as  it  went  further  from 

that  luminary  and  from  the  earth,  till  the  comet 

*  Dr.  O.  Gregory's  "Treatise  on  Astronomy." 
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describes  so  small  a  part  of  its  course  witnu 
our  view,  that,  from  observation  alone,  with* 
out  the  assistance  of  hypothesis,  we  should 
not  be  able  to  determine  the  nature  of  its 
path.  The  only  part  of  the  course  of  a  comet 
that  can  ever  be  visible  is  a  portion  through- 
out which  the  ellipse,  the  parabola,  and 
hyperbola,  so  closely  resemble  each  other 
that  no  observations  can  be  obtained  with 
sufficient  accuracy  to  enable  us  to  distinguish 
them.  The  hypothesis  most  conformable  to 
analogy  is,  that  the  comet  moves  in  an  ellipse, 
having  the  sun  in  one  of  the  foci,  and  that 
the  radius  vector  from  the  sun  to  the  comet 
describes  areas  proportional  to  the  times,  ac- 
cording to  the  law  observed  by  the  planets 
If  it,  be  supposed  that  the  comet 
describes  an  ellipse  or  a  parabola, 
in  conformity  to  the  laws  of 
Kepler,  then  from  three  geocen 
trie  places,  known  by  observation, 
the  orbit  may  be  determined. 

The  orbits  of  the  planets,  al- 
though elliptical,  approach  very 
nearly  to  circles;  but  those  of 
comets  are  extremely  eccentric, 
and  form  very  elongated  ellipses 
The  orbit  of  Halley's  comet  is 
four  times  longer  than  it  is  broad, 
and  the  orbits  of  those  comets 
whose  periodical  revolution  ex- 
ceeds a  hundred  or  a  thousand 
years  must  be  still  more  elongated 
and  eccentric.  Fig.  82  represents 
the  orbit  of  Halley's  comet  nearly 
in  its  exact  proportions.  E  C 
represents  the  length  of  the  ellipsis 
in  which  it  performs  its  revolu- 
tion :  E  D,  the  orbit  of  the  earth, 
somewhat  larger  than  it  ought  to 
be  in  proportion  to  the  comet's 
orbit;  8,  the  sun  in  one  of  the 
foci  of  the  ellipse  ;  Sat.,  the  pro- 
portional distance  of  the  planet 
Saturn  from  the  sun ;  and  U,  the 
proportional  distance  of  Uranus. 
The  orbit  of  this  comet  extends 
to  nearly  double  the  distance  of 
Uranus : 

Fig.  83  represents  so  much  of 
the  trajectory  of  the  comet  of 
1680  as  it  passed  through  while 
visible  to  the  inhabitants  of  our 
globe,  as  delineated  in  Newton's 
"  Principia"  It  shows  also  the 
tail  as  it  appeared  on  the  days  men- 
tioned in  the  figure.  Like  that  of 
other  comets,  it  increased  in  length 
was  too  distant  to  be  visible.  This  comet  was 
observed  in  the  morning  from  November  4 
to  November  25,  1680,  in  its  descent  towards 
its  perihelion  at  P  /  and  its  positions  on  the 
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Fig  84. 


17th,  21st,  and  25th  of  that  month  are  here  positions  on  the  12th,  and  21st,  and  29th  of 
exhibited.  It  appears  to  have  passed  its  December,  and  on  the  5th  and  25th  of  Janu- 
perihelion  sometime  between  the  25th  of  ary,  1681,  after  returning  from  its  perihelion, 
November  and  the  12th  of  December.  Its  as  seen  in  the  evening,  are  marked  in  the 

figure.  The  orbit  of  this  comet 
must  be  extremely  elongated, 
as  its  return  is  not  expected  for 
more  than  400  years  to  come. 

Fig.  84,  taken  from  Arago's 
"  Scientific  Notices  of  Comets," 
exhibits  a  representation  of  t.lie 
orbit  of  Biela's  comet,  with  the 
relative  position  of  the  orbit  to 
the  earth.  It  shows  both  the 
space  and  the  position  it  occupies 
in  the  solar  system,  and  the  points 
where  its  orbit  intersects  all  the 
planetary  orbits  through  which 
it  passes.  It  exhibits  its  course 
at  its  return  in  November,  1 832, 
and  the  path  it  describes  till  its 
subsequent  return  in  1839.  From 
this  figure  it  is  seen  that  its  peri- 
helion lies  between  the  orbits  of 
the  earth  and  Venus,  and  that  its 
aphelion  extends  beyond  the 
orbit  of  Jupiter.  It  would  arrive 
at  that  point  which  is  most  dis- 
tant from  the  earth,  in  the  spring 
of  1836,  and  will  probably  return 
to  it  in  January,  1843.  The 
nearest  approach  to  the  earth  of 
this  comet  was  51  millions  of 
miles ;  its  nearest  approach  to 
the  sun,  83  millions;  its  mean 
distance  from  the  sun,  or  half  the 
longest  axis  of  its  orbit,  337 
millions ;  and  it  is  507  millions 
of  miles  nearer  the  sun  in  its 
perihelion  than  in  its  aphelion. 
To  be  able  to  calculate  and  pre- 
dict the  future  positions  and  ap- 
,  pearances  of  such  a  body  evinces 

Representation  of  the  orbit  of  the  Comet  of  1 832  with  the  £n  accuracy  of  observation,  and  a 
relative  position  of  the  orbit  of  the  Earth.  degree  of  perfection  of  astronomi- 

cal calculus,  which  may  justly  challenge  admi-  be  that  into  which  enters  the  greatest  number 
ration,  and  which  should  lead  those  who  are  of  orbits,  all  separated  from  one  another,  and 
unacquainted  with  the  minutiae  of  astronomy  which  in  no  one  point  intersects  the  other ; 
to  receive  with  confidence  the  results  which  and  that  the  orbits  of  comets  correspond  to 
have  been  deduced  by  those  who  have  devoted  this  end  better  than  those  of  the  planets,  as 

an  immensely  greater  number  of  elliptic  or 
cometary  orbits  can  be  introduced  into  the 
system  than  of  those  which  are  circular.  On 
It  is  laid  down  as  a  principle  by  M.  Lam-  the  ground  of  the  number  of  comets  which 
bert,  that  as  the  world  is  the  expression  of  have  hitherto  been  observed,  and  on  certain 
the  perfections  of  God,  we  must  believe  that  mathematical  considerations,  he  instituted 
all  the  heavenly  bodies  are  inhabited,  and  calculations  which  led  to  the  conclusion  that 
"  that  universal  space  is  replenished  with  as  "  at  least  five  hundred  millions  of  comets" 
many  globes  as  it  can  contain  "so  as  to  move  might  be  contained  within  the  limits  of  the 
with  freedom  and  security  within  the  circum-  solar  system.  On  this  point,  M.  Arago 
ference  of  the  universe.  Hence  he  infers,  reasons  in  the  following  manner:  —  The 
that  the  most  perfect  plan  of  our  system  will  number  of  comets  reallv  known,  whose  peri- 
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helion  distance  is  less  than  the  radius  of  the 
orbit  of  Mercury,  amounts  to  thirty.  This 
radius,  and  that  of  the  orbit  of  Uranus,  are  in 
the  ratio  of  1  to  49  ;  and  the  volumes  of  two 
spheres  are  to  each  other  as  the  cubes  of  their 
radii.  If,  therefore,  we  adopt  the  hypothesis 
of  the  equal  distribution  of  comets  in  all  the 
regions  of  our  system,  and  calculate  the 
number  of  those  luminaries  whose  perihelions 
are  included  in  a  sphere  whose  radius  is  the 
distance  of  Uranus  from  the  sun,  the  follow- 
ing proposition  would  be  supplied  to  us : — 
As  the  cube  of  1  :  to  the  cube  of  49  :  :  so  is 
30  :  to  the  number  of  comets  sought ; — or 
thus,  I3  :  493  :  :  30 ;  or,  1  :  1 17,649  :  :  30  : 
3,529,470.  Thus  within  the  orbit  of  Uranus, 
the  solar  system  should  contain  more  than 
three  millions  and  a  half  of  comets ;  or,  we 
should  rather  find  the  double  of  that  the  true 
number,  when  we  consider  that  iA  this  cal- 
culation the  term  which  represents  the  number 
of  comets  contained  within  the  sphere  of 
Mercury  is  certainly  much  too  small,  and 
that  it  ought  to  be  conceded  that  the  light  of 
day,  our  clouded  skies,  and  a  too  southerly 
declination,  removes  from  our  sight  not  fewer 
than  every  alternate  one  of  these  bodies. 
Taking  these  circumstances  into  consideration, 
there  should,  on  the  same  hypothesis,  be  seven 
millions  of  comets. 

The  actual  number  of  comets,  however, 
which  have  been  observed  since  the  com- 
mencement of  the  Christian  era,  does  not 
amount  to  above  seven  or  eight  hundred ;  but 
when  we  consider  that  in  the  earlier  ages  of 
astronomy,  and  likewise  in  more  recent  periods 
before  the  invention  of  the '  telescope,  only 
large  and  conspicuous  comets  were  noticed, 
and  that  the  greater  number,  in  all  probability, 
had  their  visible  courses  in  the  southern  re- 
gions of  the  heavens,  and  of  whose  appear- 
ance we  have  no  records,  it  will  easily  be 
conceived  that  their  actual  number  must 
amount  to  at  least  many  thousands.  Since 
particular  attention  has  been  directed  to  the 
astronomy  of  comets,  and  since  the  number 
of  observers  have  increased,  scarcely  a  year 
has  passed  without  the  observance  of  one  or 
two  of  these  bodies,  and  sometimes  even  two 
or  three  have  appeared  at  once.  In  the  year 
1825,  no  less  than  four  comets  made  their 
appearance  within  the  space  of  three  months. 
The  first  of  these  was  discovered  by  M.  Gam- 
bart,  at  Marseilles,  on  May  9,  in  the  head  of 
Cassiopeia  /  the  second  by  M.  Valtz,  at  Nis- 
mes,  on  July  13,  in  Taurus,-  the  third  by 
M.  Pono,  at  Florence,  on  August  9,  in  Auriga  ,• 
the  fourth,  or  Encke's  comet,  about  the  months 
of  July  or  August.  But  it  is  evident  that 
multitudes  must  escape  all  observation,  by  rea- 
son of  their  paths  traversing  only  that  portion 
of  the  heavens  which  is  visible  in  the  daytime. 
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The  number  of  comets  whose  paths  have 
been  particularly  observed  during  their  visible 
course  is  about  137.  Of  these,  sixty-nine 
moved  in  a  direct  course,  or  according  to  the 
order  of  the  signs,  as  the  planets  do,  and 
sixty-eight  in  a  retrograde  direction.  .  As  to 
the  distances  of  their  perihelions  from  the 
sun  and  the  earth,  thirty  were  found  to  have 
their  perihelions  between  the  orbit  of  Mercury 
and  the  sun  ;  forty -four,  between  the  orbits  of 
Mercury  and  Venus ;  thirty-four,  between  the 
orbits  of  Venus  and  the  earth ;  twenty-three, 
between  the  orbits  of  the  Earth  and  Mars ; 
six,  between  the  orbits  of  Mars  and  Jupiter. 
Beyond  the  orbit  of  Jupiter  no  comets  have 
been  perceived ;  and  it  is  seldom  they  can  be 
seen  beyond  the  orbit  of  Mars.  As  to  the  in- 
clination of  their  orbits,  nine  comets  have 
been  observed  whose  orbits  incline  to  the 
ecliptic  from  0°  to  10°;  thirteen,  from  10°  to 
20°  ;  ten,  from  20°  to  30° ;  seventeen,  from 
30°  to  40° ;  fourteen,  from  40°  to  50°  ;  twenty 
three,  from  50°  to  60° ;  seventeen,  from  60° 
to  70 ;  nineteen,  from  70°  to  80° ;  fifteen, 
from  80°  to  90°.  It  appears,  then,  that  these 
137  comets  had  their  orbits  inclined  in  almost 
every  degree  to  the  ecliptic ;  and  it  is  proba- 
ble that  this  is  the  case  with  all  the  other 
comets  which  belong  to  the  system. 

Although  comets  generally  emit  an  ob- 
scure light,  yet  some  have  been  seen  whose 
splendour  was  so  great  as  to  be  visible  in 
daylight,  even  at  noon,  and  while  the  sun 
was  shining  in  all  its  brightness.  Such,  it  is 
said,  were  the  comets  which  appeared  in  1402 
and  1532,  and  that  which  appeared  a  little 
before  the  assassination  of  Caesar,  and  which 
was  supposed,  after  that  event  happened,  to 
have  been  an  omen  or  prelude  of  his  death. 
It  has  likewise  been  stated,  that  comets  have 
appeared  of  such  a  magnitude  as  to  have 
eclipsed  the  sun.  Seneca  relates  that  such 
a  coincidence  happened  sixty  years  before 
Christ,  when  a  large  comet  was  actually  ob- 
served very  near  the  sun.*  The  same  author 
relates  that  a  comet  which  appeared  in  the 
time  of  the  Emperor  Nero  was  not  inferior  in 
apparent  magnitude  to  the  sun  himself  ;-j-  and 
the  comet  which  Hevelius  observed  in  the 
year  1652  did  not  seem  to  be  less  than  the 
moon,  though  it  was  deficient  in  splendour. 

Comets  traverse  all  parts  of  the  heavens ; 
and,  as  already  noticed,  their  orbits  have  every 
possible  inclination  to  the  plane  of  the  eclip- 
tic. They  are,  however,  governed  in  their 
motions  by  the  same  physical  laws  which  regu- 
late the  motions  of  the  planets.  Their  pe- 
riodical times  are  to  the  periodical  tinies  of  the 
planets,  in  the  sesquiplicate  ratio  of  their 
principal  axes.  Comets,  therefore,  being  for 

*  Sir  John  Herschel's  Astronomy, 
f  Dr.  O.  Gregory's  Astronomy. 
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the  most  part  beyond  the  planetary  regions, 
and  on  that  account  describing  orbits  with 
much  larger  major  axes  than  the  planets,  re- 
volve more  slowly.  Thus,  if  the  major  axis 
of  a  comet's  orbit  be  four  times  as  long  as 
that  of  the  orbit  of  Uranus,  the  time  of  the 
comet's  period  would  be  to  that  of  the  planet 
as  8  :  1 ;  its  periodic  time  would  therefore  be 
nearly  672  years;  that  is,  8  X  84  =  the 
period  of  Uranus  =  672.  Although  comets 
move  with  great  rapidity  when  near  their 
perihelion,  yet  in  the  remote  parts  of  their 
course  their  motion  must  be  proportionally 
slow. 

The  motions  if  comets  when  approaching 
the  sun  are  in  certain  cases  extremely  rapid. 
The  comet  which  was  observed  by  Regiomon- 
tanus,  in  1472,  was  said  to  have  passed  through 
40  degrees  of  a  great  circle  in  twenty-four 
hours.  Brydone,  in  his  "  Tour  through  Sici- 
ly," relates  that  he  observed  a  comet  at  Pa- 
lermo, in  June  and  July,  1770,  which  moved 
through  50  degrees  of  a  great  circle  in  twenty- 
four  hours.  At  midnight,  on  the  30th  of  June, 
it  passed  the  zenith  of  Palermo  (latitude  38° 
10',)  and  the  next  day,  July  1,  at  40  minutes 
past  eight,  p.  M.,  it  passed  4  degrees  to  the 
east  of  the  polar  star.  He  remarks  that, 
"  supposing  it  at  the  distance  of  the  sun,  at 
this  rate  of  'travelling,  it  would  go  round  the 
earth's  orbit  in  less  than  a  week,  which  makes 
about  eighty  millions  of  miles  a  day, — a  mo- 
tion that  vastly  surpasses  all  human  compre- 
hension. And  as  this  motion  continues  to  be 
greatly  accelerated,  what  must  it  be  when  the 
comet  approaches  still  nearer  to  the  body  of 
the  sun !"  It  is  probable,  however,  that  the 
comet  was  considerably  nearer  the  earth  than 
the  distance  of  the  sun ;  but  still  the  velocity 
with  which  it  was  impelled  must  have  been 
amazingly  great. 

Such  is  a  brief  summary  of  the  most  re- 
markable facts,  interesting  to  the  general  rea- 
ders, which  have  been  ascertained  in  relation 
to  comets.  It  is  to  be  hoped  that,  in  the  pro- 
gress of  astronomical  discovery,  some  additional 
light  will  be  thrown  on  the  nature  and  the 
destination  of  those  mysterious  bodies,  whose 
number  appears  so  far  to  surpass  that  of  the 
primary  and  secondary  planets  of  our  system. 
It  was  long  ago  predicted  by  Seneca,  a  Roman 
philosopher  who  lived  in  the  first  century  of 
the  Christian  era,  « that  the  time  will  come 
when  the  nature  of  comets  and  their  magni- 
tude will  be  demonstrated,  and  the  courses 
they  take  so  different  from  those  of  the  planets ; 
and  that  posterity  will  wonder  that  the  pre- 
ceding ages  should  be  ignorant  in  matters  so 
plain  and  easy  to  be  known."  In  order  that 
this  prediction  may  be  fully  realized,  it  is  re- 
quisite that  we  should  become  acquainted  with 
all  the  observations  that  have  hitherto  been 


made,  and  the  facts  in  relation  to  these  bodies 
which  have  been  ascertained  ;  that  we  should 
compare  the  various  observations  with  each 
other,  and  attend  to  the  minutest  circumstances 
and  phenomena  connected  with  comets  ;  that 
numerous  observers  should  be  appointed  to 
survey  different  portions  of  the  firmament,  both 
in  the  northern  and  southern  hemispheres, 
that  no  cornet  that  comes  within  the  limits  of 
our  vision  may  pass  unobserved ;  and  that 
when  a  comet  of  large  size  approaches  near 
the  centre  of  our  system,  every  minute  parti- 
cular in  reference  to  its  motions,  and  the 
changes  which  takes  place  hi  its  nucleus, 
envelope,  and  tail,  be  carefully  observed  and 
delineated  by  accurate  representations. 

Whatever  opinions  we  may  adopt  as  to  the 
physical  constitution  of  comets,  we  must  ad- 
mit that  they  serve  some  grand  and  important 
purpose  in  the  economy  of  the  universe ;  for 
we  cannot  suppose  that  the  Almighty  has 
created  such  an  immense  number  of  bodies, 
and  set  them  in  rapid  motion  according  to 
established  laws,  without  an  end  worthy  of 
his  perfections,  and,  on  the  whole,  beneficial 
to  the  inhabitants  of  the  system  through  which 
they  move. 

They  display  the  wisdom  of  their  Creator 
in  the  arrangements  of  their  orbits  and  mo- 
tions. As  we  have  every  reason  to  conclude 
that  at  least  thousands  of  those  bodies  traverse 
the  solar  system  in  all  directions,  and  a*fc  cer- 
tain that  their  orbits  are  inclined  in  every  pos- 
sible degree  to  one  another,  and  to  the  orbit 
of  the  earth,  so  we  find  that  they  have  been 
so  admirably  arranged  by  Divine  Intelligence, 
that  no  one  of  them  interferes  with  another, 
or  with  the  courses  of  the  planets,  so  as  to 
produce  concussion  or  disorder.  The  orbits 
of  some  comets  indeed  are  found  to  approach 
very  near,  and  even  to  cross  the  orbit  of  the 
earth  and  the  orbits  of  several  other  planets, 
and  consequently,  there  is  a  possibility  that  a 
comet  might  come  into  concussion  with  our 
globe  ;  and  this  consideration  shows  us  that 
that  we  are  dependent  for  our  present  security 
and  comforts  on  the  wise  arrangements  of  the 
Almighty,  in  securing  perfect  harmony  and 
order  amidst  apparent  danger  and  confusion. 
But  we  have  no  evidence  that  such  a  catas- 
trophe has  ever  happened,  either  in  the  case 
of  the  earth  or  of  any  of  the  other  planets, 
or  that  one  comet  has  ever  impinged  upon 
another.  Believing  that  every  object  and 
event  in  the  universe  is  arranged  and  directed 
by  an  Omnipotent  Contriver,  we  must  admit 
that  when  the  Almighty  formed  the  wondrous 
plan  of  creation,  "  forseeing  the  end  from  the 
beginning,"  he  arranged  the  periods  and  the 
velocities  of  comets  in  such  a  manner  that, 
although  occasionally  crossing  the  planetary 
orbits,  they  should  not  pass  these  orbits  at  the 
3N  (697) 
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time  when  the  planets  were  in  their  immediate 
vicinity.  Arid  should  such  an  event  ever  oc- 
cur, we  may  rest  assured  that  it  is  in  perfect 
accordance  with  the  plan  and  the  will  of 
Omnipotence,  and  that  it  is,  on  the  whole, 
subservient  to  the  happiness  and  order  of  the 
intelligent  universe,  and  the  ends  intended  by 
the  Divine  government.  If  there  are  thou- 
sands and  perhaps  millions  of  comets  of  all 
descriptions  traversing  every  part  of  the  plane- 
tary regions,  in  orbits  of  every  degree  of  incli- 
nation, of  extent,  and  of  eccentricity,  we  are 
sure  that  none  but  a  Being  of  infinite  power 
and  intelligence  could  have  arranged  such  a 
vast  and  complicated  system,  so  as  to  have 
prevented  numerous  interferences  and  disasters, 
and  to  make  the  whole  move  onward  for  ages 
in  perfect  harmony. 

The  system  of  comets  likewise  presents  to 
us  a  display  of  the  omnipotence  and  grandeur 
of  the  Deity.  The  number  of  these  celestial 
visitors,  the  vast  magnitude  of  their  tails,  en- 
velopes, and  nuclei,  and  the  amazing  velocity 
with  which  they  wheel  their  courses  through 
the  ethereal  regions,  exhibit  before  us  objects 
of  astonishing  grandeur,  and  evince  the  Al- 
mighty power  of  Him  who  at  first  impelled 
them  in  their  rapid  career.  The  diameter  of 
the  nucleus  of  the  comet  of  1807  was  estimated 
by  Schroeter  at  4600  miles,  and  that  of  its 
coma  120,000  miles.  Besides  its  principal 
tail,  it  shot  forth  coruscations  to  the  extent 
of  four  millions,  six  hundred  thousand  miles. 
The  nucleus  of  the  comet  of  1811  was,  ac- 
cording to  the  same  observer,  50,000  miles  in 
diameter,  its  coma  or  envelope  947,000  miles, 
and  its  tail  or  train  of  light,  sixty  millions  of 
miles  in  length,  or  more  than  half  the  distance 
between  the  earth  and  the  sun.  Let  us  con- 
ceive such  a  body,  like  the  comet  of  1680, 
traversing  the  immense  spaces  of  creation  with 
the.  velocity  of  ten  hundred  thousand  miles  an 
hour,  and  drawing  after  it  a  luminous  train, 
a  hundred  millions  of  miles  in  length,  ap- 
proaching at  one  time  so  near  the  sun  that  his 
circumference  would  appear  to  fill  the  greater 
part  of  the  firmament,  and  then  rushing  back 
through  the  depths  of  immeasurable  space, 
thousands  of  millions  of  mjles  beyond  the  orbit 
of  Uranus,  and  displaying  its  majestic  train  to 
the  other  planetary  worlds  of  our  system — and 
we  have  presented  to  our  mental  eye  an  object 
of  peculiar  grandeur  and  magnificence,  differ- 
ent from  every  thing  else  which  the  planetary 
system  exhibits,  and  which  displays  in  an  emi- 
nent degree  the  power  and  magnificence  of 
the  Great  Creator.  Were  such  a  bqdy  to 
sweep  along  the  regions  which  lie  in  the  im- 
mediate vicinity  of  our  globe,  at  the  distance 
of  ten  or  twelve  thousand  miles,  nothing  that 
we  have  ever  beheld  or  can  well  conceive 
rould  be  compared  to  the  majestic  grandeur  of 
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the  scene,  which  would  overpower  the  mind 
both  with  astonishment  and  with  terror.  On 
the  view  of  such  an  object,  sweeping  along 
with  such  velocity,  we  could  scarcely  refrain 
from  exclaiming,  in  the  language  of  inspira- 
tion, "  Great  and  marvellous  are  thy  works, 
Lord  God  Almighty  !"  What,  then,  shall  we 
think  of  thousands  of  such  mysterious  orbs 
winding  their  flight  in  every  direction,  in  per- 
fect regularity  and  order,  through  the  immen- 
sity of  space !  Surely  these  are  the  wonder- 
ful works  of  Him  who  is  mighty  in  operation 
and  perfect  in  knowledge. 

In  all  the  works  of  the  Deity,  we  must  like- 
wise admit  that  his  goodness  is  displayed  al- 
though we  may  not  be  able  to  trace  the  mode 
of  its  communication  ;  for  we  may  lay  it  down 
as  an  axiom,  that  wherever  wisdom  and  om- 
nipotence are  exhibited  throughout  the  Divine 
economy,  there  is  also  a  display  of  beneficence, 
which  appears  to  be  one  prominent  design  of 
all  the  works  of  God.  Comets  have  long  been 
considered  as  objects  of  terror,  and  as  omens 
of  impending  calamities ;  but  there  can  be 
no  question  that  they  are  as  intimately  con- 
nected with  a  system  of  benevolence  as  are 
the  solar  radiations  and  their  benign  influence 
on  our  globe  and  on  the  other  planets.  It 
has  been  conjectured  that  comets  may  supply 
moisture  to  the  planets,  and  invigorate  the 
vital  principle  of  our  atmosphere ;  that  they 
may  recruit  the  sun  with  fresh  fuel  and  repair 
the  consumption  of  his  light ;  or  that  they 
may  be  the  agents  for  dispersing  the  electric 
fluid  throughout  the  planetary  regions;  and 
although  there  is  little  probability  that  such 
conjectures  are  accordant  with  fact,  yet  it  may 
be  admitted  that  comets  may  produce  a.  physi- 
cal influence  of  a  beneficial  nature  throughout 
the  solar  system.  But  what  I  conceive  to  be 
one  of  the-  main  designs  of  the  Creator  in  the 
formation  of  such  a  vast  number  of  splendid 
bodies  is,  that  they  may  serve  as  habitations 
for  myriads  of  intellectual  beings,  to  whom 
the  Almighty  bestows  his  perfections  in  a 
peculiar  manner,  and  on  whom  he  displays 
the  riches  of  his  beneficence.  Whatever  may 
be  the  intention  of  those  comets  which  are 
destitute  of  a  nucleus,  this,  in  all  probability, 
is  the  chief  design  of  those  which  are  large 
and  which  are  invested  with  a  solid  nucleus  ; 
and  the  same  arguments  which  we  formerly 
brought  forward  to  prove  that  the  planets  are 
inhabited  might  be  adduced  in  proof  of  the 
inhabitability  of  comets.  If  this  position  be 
admitted,  then  we  ought  to  contemplate  the 
approach  of  a  comet,  not  as  an  object  of  terror 
or  a  harbinger  of  evil,  but  as  a  splendid  world, 
of  a  different  construction  from  ours,  convey- 
ing millions  of  happy  beings  to  survey  a  new 
region  of  the  Divine  empire,  to  contemplate 
new  scenes  of  creating  power,  and  to  celebrate 
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in  loftier  strains  the  wonders  of  Omnipotence.*  room  for  the  excursions  of  such  a  vast  num- 

Viewing  the  comets  in  this  light,  what  an  her  of  these  bodies !  and  what  an  incalculable 

immense  population  must  be  contained  within  number  of  beings  of  all  ranks  must  people 

the  limits  of  the  solar  system,  which  gives  the  wide-extended  universe  ! 

*  The  most  complete  account  of  the  phenomena, 
&.C.  of  comets  I  have  seen  is  a  treatise  on  this 
subject  in  manuscript,  by  the  Rev.  Thomas  W. 
Webb,  of  Tretire,  near  Ross.  This  treatise  con- 
tains—I. A  copious  introduction,  embodying  a  va- 
riety of  inte.retiting  general  remarks  in  relation  to 
this  subject.  2.  A  particular  account  of  the  comet 
of  1807,  according  to  the  observations  of  Sir  Wil- 
liam Herschel.  3.  A  description  of  the  same  comet 
from  the  observations  of  l)r.  Johan.  Hieron. 
Schroeter.  4.  An  account  of  the  great  comet  of 
1811,  according  to  the  observations  of  Sir  W. 
Ilerschel.  5.  A  particular  description  of  the  phe- 
nomena of  the  same  comet,  according  to  the  ob- 
Bervations  of  Schroeter.  6.  A  description  of  the 
second  comet  of  1811,  according  to  the  observa- 
tions of  Sir  W.  Herschel.  Tftese  observations, 
particularly  those  of  Schroeter,  contain  the  most 
minute  descriptions  which  have  hitherto  been 
given  of  the  phenomena  of  this  class  of  the  celes- 
tial bodies,  and  will  be  found  of  essential  service, 
not  only  to  amateur  observers,  but  to  astronomers 
nf  every  description.  They  have  been  extracted 
and  arranged  chiefly  from  the  "  Philosophical 
Transactions,"  and  the  works  of  Schroeter,  which 
were  published  in  the  German  language.  The 
Appendix,  or  Second  Part,  which  occupies  nearly 
half  the  volume,  comprises  a  lucid  investigation 
of  the  following  topics — 1.  Comparison  of  obser- 
vations. 2.  Examination  of  hypotheses.  3.  Na- 
ture, light,  and  solidity  of  Comets.  4.  Colours  of 


Comets.  5,  Brightness  of  Comets.  6,  Divided 
tails  of  Comets,  7,  Coruscations  of  Comets.  8. 
Miscellaneous  notices  concerning  remarkable 
comets.  9.  On  the  influence  of  comets.  10. 
Losses  to  science  containing  an  account  of  the 
disasters  which  befell  Schroeter,  Hevelius,  &c. 
11.  Hints  to  amateur  observers.  This  volume 
contains  230  quarto  pages,  besides  a  great  num- 
ber of  copious  notes,  and  forty-six  figures  of  iue 
different  appearances  of  comets.  It  indicates  a 
very  great  degree  of  labour  and  research,  which 
the  astronomer  alone  will  be  able  fully  to  appre- 
ciate. 'II  ,\  author  appears  to  have  consulted  most 
of  the  vorics  which  have  been  published  on  the 
subject,  in  the  English,  Latin,  French,  and  Ger- 
man languages,  besides  embodying  a  number  of 
original  observations  and  remarks.  And  what  is 
not  among  the  le'ist  important  features  of  the 
work,  the  author  takes  every  proper  opportunity 
of  introducing  such  moral  reflections  as  the  sub- 
ject naturally  suggests,  and  of  directing  the  con- 
templations of  his  readers  to  Him  who  sits  on 
the  throne  of  the  universe.  The  observations  of 
Schroeter  contained  in  the  preceding  pages  have 
been  extracted  from  this  volume.  It  is  to  be  hoped 
that  the  worthy  author,  who  is  already  known  to 
a  considerable  portion  of  the  scientific  world  by 
his  communications  to  periodicals  and  scientific 
associations,  will  soon  receive  encouragement  to 
lay  this  work  before  the  public. 
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SEVERAL  APPEARANCE  OF  THE   STARRY    HEAVENS    AT    DIFFERENT  PERIODS    OF    THE  TEAR. 


THE  following  descriptions  are  intended  to 
point  out  to  the  young  observer  the  principal 
stars  and  constellations  in  the  beginning  of 
every  alternate  month  throughout  the  year, 
and  the  particular  quarter  of  the  heavens 
where  they  may  be  perceived.  The  time  of 
observation  is  supposed  to  be  nine  o'clock  in 
the  evening,  except  on  the  1st  of  July;  but 
the  general  aspect  of  the  heavens,  and  the 
relative  positions  of  the  different  stars  and 
constellations,  will  not  be  materially  different 
when  viewed  an  hour  before  or  after  the  time 
now  specified. 

Aspect  of  the  Heavens  on  the  1st  of  January, 
at  nine  o'clock  in  the  evening. 

At  this  time  the  Pleiades,  or  Seven  Stars, 
are  nearly  on  the  meridian,  at  an  elevation 
of  more  than  60  degrees  above  the  southern 
horizon.  The  bright  star  Aldebaran,  or  the 
Bull's  Eye,  which  is  of  a  ruddy  hue,  appears 
to  the  left,  in  a  direction  nearly  east  by  south, 


at  the  distance  of  14°.  About  15°  east-north- 
east of  Aldebaran  is  a  bright  star  of  the 
second  magnitude,  marked  Beta,  or  El-nath ; 
from  this  star  to  Zeta,  in  the  tip  of  the  south- 
ern horn  of  the  Bull,  is  about  8°  in  a  south- 
ern direction.  This  star  forms  a  right  angle 
with  Aldebaran  and  Beta.  North  of  Beta, 
at  the  distance  of  17°,  is  the  bright  star 
Capella,  in  the  constellation  of  Auriga,  a  star 
of  the  first  magnitude,  which  appears  at  a 
high  elevation  a  few  degrees  south-east  of  the 
zenith.  In  a  direction  south-east  of  Alde- 
baran and  the  Pleiades  is  the  splendid  con- 
stellation of  Orion.  Bellatrix,  on  the  west 
shoulder  of  Orion,  is  about  1 6°  south-cast  of 
Aldebaran,  which  is  placed  in  the  middle  of 
the  line  which  connects  the  Pleiades  with 
Bellatrix ;  these  three  objects  appearing  nearly 
equidistant  in  a  line  N.W.  and  S.E.  of  each 
other.  Nearly  due  east  from  Bellatrix,  at 
the  distance  of  7£°,  is  Betelguese,  a  star  of 
the  first  magnitude  in  the  east  shoulder  of 
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Orion.  About  15°  south  by  west  of  Bellatrix 
is  Rigel,  a  star  of  the  first  magnitude  in  the 
left  foot,  and  8$°  to  the  east  is  Saiph,  a  star 
of  the  third  magnitude  in  the  right  knee  of 
Orion.  These  four  stars  m  the  form  of  a 
parallelogram,  with  the  three  bright  equidis- 
tant stars  called  the  Belt,  form  the  outlines 
of  this  constellation.  There  is  a  small  trian- 
gle of  three  small  stars  in  the  head  of  Orion 
which  forms  a  larger  triangle  with  Bellatrix 
and  Betelguese,  the  two  in  his  shoulders. 
(See  fig.  of  Orion,  p.  30,  and  Plate  I.) 

North-east  of  Betelguese,  at  the  distance 
of  14°,  is  the  star  Athena,  or  y  Geminorum, 
the  principal  star  in  the  feet  of  the  Twins ; 
and  about  20°  N.E.,  nearly  in  the  same  right 
line  from  Betelguese,  are  Castor  and  Pollux, 
Castor  being  the  uppermost  and  the  bright- 
est, at  the  distance  of  only  4£°  from  Pollux. 
These  and  the  other  stars  which  lie  adjacent 
to  them  form  the  constellation  Gemini,  one 
of  the  signs  of  the  Zodiac.  The  small  stars 
immediately  to  the  east  of  Gemini  are  in  the 
constellation  Cancer,  another  zodiacal  con- 
stellation through  which  the  sun  passes  in 
July  and  August.  In  this  constellation  is  a 
nebulous  cluster  of  very  small  stars,  called 
Prsesepi,  wlu'ch  may  be  distinguished  as  a 
faint  cloudy  speck  by  the  naked  eye.  (See 
page  78.) 

Immediately  below  Orion  are  the  constella- 
tions of  Lepus,  or  the  Hare,  and  Noah's 
Dove,  which  are  very  near  the  horizon.  South 
by  east  of  Orion  is  Cam's  Major,  or  the 
Greater  Dog,  which  is  distinguished  by  its 
principal  star  Sirius,  the  brightest  fixed  star 
in  the  heavens.  It  is  nearly  straight  south 
of  Alhena,  in  the  feet  of  the  Twins,  at 
35°  distant,  and  south  by  east  of  Betel- 
guese at  the  distance  of  27°.  A  line  drawn 
through  the  three  stars  in  the  belt  of  Orion, 
and  prolonged,  meets  Sirius  at  the  distance 
of  23°.  About  5£°  west  of  Sirius  is  Mirzam, 
of  the  second  magnitude,  in  the  foot  of  the 
Dog.  Nearly  due  east  from  Orion,  but  less 
elevated  above  the  horizon,  is  Cam's  Minor, 
or  the  Lessor  Dog.  The  centre  of  this  small 
constellation  is  situated  about  5°  north  of 
the  equinoctial,  and  midway  between  Gemini 
and  Canis  Major.  It  is  distinguished  by  the 
bright  star  named  Procyon,  which  signifies 
"  before  the  Dog."  About  4°  to  the  north- 
west is  Gomelza,  a  star  of  the  third  magni- 
tude. Procyon,  at  the  time  supposed,  appears 
nearly  due  east  from  Betelguese,  at  the  dis- 
tance of  about  26°.  The  head  of  Hydra  lies 
immediately  to  the  east  of  Procyon;  but 
Alpkard,  or  Cor  Hydras,  the  principal  star 
of  this  constellation,  is  not  risen  at  the  time 
supposed.  A  little  to  the  north  of  the  east- 
ern point  of  the  compass,  and  at  a  very  small 
Novation  above  the  horizon,  is  Regulus,  a  star 
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of  the  first  magnitude,  in  the  constellation 
Leo,  which  is  the  fifth  sign,  and  the  sixth 
constellation  of  the  zodiac. 

Turning  our  faces  towards  the  north-east, 
Ursa  Major,  or  the  Great  Bear,  is  the  most 
striking  constellation  that  meets  the  eye.  The 
two  pointers,  Dulhe  and  Merak,  appear  up- 
permost, and  point  westward  to  the  Pole-star ; 
while  the  stars  forming  the  tail  seem  to  hang 
downwards  from  the  square  of  this  constella- 
tion. As  the  night  advances,  this  group  of 
stars  rises  higher  in  the  heavens,  till,  about 
three  in  the  morning,  they  approach  near  the 
zenith.  Ursa  Minor,  or  the  Lesser  Bear,  is 
seen  below  the  pole,  the  square  of  which  being 
a  little  to  the  eastward  of  the  meridian.  Di- 
rectly below  the  Great  Bear,  at  a  very  smaUi 
elevation  above  the  horizon,  and  in  a  direction 
N.E.  by  N.,  is  Cor  Caroli,  a  star  of  the 
second  magnitude,  in  Chara,  one  of  the  Gray- 
hounds.  North  by  East  of  Aldebaran,  at  the 
distance  of  30°,  is  the  bright  star  Capella  in 
Auriga. 

Directing  our  view  a  little  to  the  west  of 
the  meridian,  we  perceive  the  constellation 
Aries,  which  is  immediately  to  the  westward 
of  the  Pleiades,  and  nearly  at  the  same  alti- 
tude. Above  2000  years  ago,  in  the  days  of 
Hipparchus,  this  constellation  occupied  the 
first  sign  in  the  zodiac,  into  which  the  sun 
entered  about  the  21st  of  March;  but,  as  in 
consequence  of  the  precession  of  the  equinoxes 
the  constellations  gain  about  50"  on  the 
equinox  every  year,  they  have  now  advanced 
in  the  ecliptic  nearly  3 1  degrees  beyond  it,  or 
somewhat  more  than  a  whole  sign ;  so  that 
the  constellation  Pisces  now  occupies  the 
same  place  in  the  zodiac  that  Aries  did  2000 
years  ago,  while  the  constellation  Aries  is 
now  in  the  sign  Taurus,  Taurus  in  Gemini, 
&c.,  so  that  Aries,  though  the  first  sign,  is 
the  second  constellation  of  the  Zodiac.  It  is 
situated  next  east  of  Pisces,  and  midway  be- 
tween the  Triangles  and  Musca  on  the  north, 
and  Cetus,  or  the  Whale,  on  the  south.  It 
is  distinguished  by  two  bright  stars  in  the 
head,  distant  from  each  other  about  4°,  the 
brightest  being  a  little  to  the  east  or  north- 
east of  the  other,  being  about  25°  west  of  the 
Pleiades,  and  19°  south  of  Almaack,  in  the 
foot  of  Andromeda.  North  by  east  from 
Aries  is  Musca,  or  the  Fly,  which  consists  of 
four  or  five  stars,  chiefly  of  the  third  and 
fourth  magnitudes,  very  near  to  each  other. 
It  is  situated  between  the  first  star  of  Aries 
and  the  Pleiades,  but  a  little  higher  than 
either.  North  by  east  from  the  Fly,  at  the 
distance  of  about  15°,  and  at  20°  north  by- 
west  of  the  Pleiades,  and  at  a  higher  eleva- 
tion, is  the  head  of  Medusa,  the  principal  star 
of  which  is  Algol,  which  regularly  varies  in 
its  lustre.  (See  p.  50.)  West  by  north  from 
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Medusa  is  Andromeda,  one  of  the  principal 
stars  of  which  is  Almaack,  at  the  distance  of 
12°  west  by  north  of  Algol.  West  of  Al- 
maack, at  the  distance  of  12°,  is  Mirach,  both 
of  them  stars  of  the  second  magnitude.  If 
the  line  connecting  Almaack  and  Mirach  be 
prolonged  8°  further  west  or  south-west,  it 
will  reach  Delta,  a  star  of  the  third  magni- 
tude in  the  left  breast. 

West  from  Andromeda,  and  a  little  to  the 
south,  is  Pegasus,  or  the  Flying  Horse,  which 
is  distinguished  from  the  other  constellations 
by  four  bright  stars  of  the  second  magnitude, 
forming  a  square,  which  is  generally  termed 
the  Square  of  Pegasus.  The  northermost 
star,  which  is  the  brightest  of  three  that  form 
a  kind  of  triangle,  is  Scheat,  whose  N.  decli- 
nation is  26^°.  Markab  is  situated  13° 
south  of  Scheat,  and  at  the  time  supposed  is 
nearly  due  west,  and  about  22°  above  the 
western  point  of  the  horizon.  These  two 
stars  form  the  western  side  of  the  square. 
East  from  Markab,  at  the  distance  of  16^°,  is 
Algenib,  and  14°  north  of  Algenib  is  Alphe- 
ratz ;  which  two  stars  form  the  eastern  side 
of  the  square.  Scheat  and  Alpheratz  form 
the  northern,  and  Markab  and  Algenib  the 
southern  sides  of  the  square.  Alpherata 
constitutes  a  part  of  the  head  of  Andromeda, 
but  it  is  also  considered  as  connected  with 
Pegasus.  About  26°  north  of  Andromeda  is 
Cassiopeia,  midway  between  it  and  the  Pole- 
star.  It  passes  the  meridian  nearly  in  the 
zenith  about  the  22d  of  November.  At  this 
time  it  is  between  20°  and  30°  west  of  the 
meridian.  (See  pp.  18  and  45.)  The  star 
Caph,  in  this  constellation,  along  with  Al- 
pheratz and  Algenib,  are  situated  on  the 
prime  meridian  which  passes  through  the 
first  point  of  Aries,  from  which  the  right  as- 
censions of  all  the  heavenly  bodies  are  mea- 
sured. The  line  connecting  these  stars  forms 
an  arc  of  the  equinoctial  colure,  which 
passes  through  the  vernal  equinox,  and  across 
which  the  sun  passes  on  the  21st  of  March. 
When  we  say  that  the  sun,  or  a  star,  or  a 
planet  is  in  so  many  degrees  of  right  ascen- 
sion, we  mean  that  it  is  situated,  or  has 
moved  eastward  so  many  degrees  from  this 
great  circle.  North-west  of  Cassiopeia  is 
Ccpheus,  at  the  distance  of  about  25°,  the 
head  of  which  is  in  the  Milky  Way,  and  may 
be  known  by  three  stars  of  the  fourth  magni- 
tude in  the  crown,  forming  a  small  acute  tri- 
angle about  9°  from  Alderamin,  a  star  of  the 
third  magnitude  in  the  left  shoulder. 

Next  to  Cepheus,  on  the  west,  is  Ci/gnus, 
or  the  Swan  ;  the  principal  stars  of  which  are 
distinguished  as  forming  the  figure  of  a  large 
cross,  the  upright  piece  of  which  lies  along 
the  Milky  Way.  The  most  brilliant  star  in 
tliis  constellation  is  Deneb  Cygni,  of  the  first 


magnitude,  which  is  at  this  time  in  a  direc- 
tion nearly  north-west,  and  25°  above  the 
horizon.  West  from  Deneb,  at  tie  distance 
of  10°  or  11°,  is  Delta  f  and  the  line  pro- 
longed about  15°  further  leads  to  the  bright 
star  Vega,  the  principal  star  in  Lyra,  which 
is  then  about  6°  above  the  horizon  in  a  direc- 
tion north-west  by  north.  North  by  east  of 
Lyra  is  the  head  of  Draco,  distinguished  by- 
four  stars  separate  from  each  other  by  inter- 
vals of  3°,  4°,  and  5°.  The  one  to  the  south, 
or  nearest  Lyra,  is  Etanim,  or  y  Draconis, 
which  Dr.  Bradley  fixed  upon  in  his  attempt 
to  determine  the  annual  parallax.  At  this 
time  it  is  16°  above  the  horizon,  in  a  direction 
N.  N.  W.  About  4°  to  the  north  of  it  is 
Rastaben,  both  of  them  stars  of  the  second 
magnitude.  Turning  our  eyes  again  towards 
the  southern  part  of  the  meridian,  we  behold 
the  head  of  Cetus  or  the  Whale,  about  20° 
S.E.  of  Aries,  and  about  24°  S.  by  W.  of  the 
Pleiades.  It  is  distinguished  by  five  stars, 
4°  or  5°  asunder,  which  form  a  figure  resem- 
bling a  regular  pentagon.  The  brightest  of 
these  stars,  which  is  the  eastermost,  and  of 
the  second  magnitude,  is  Menkar,  which 
makes  an  equilateral  triangle  with  ^Arictis  and 
the  Pleiades,  being  distant  from  each  about 
23£°.  About  14°  south-west  of  Menkar  is 
Mirq,  or  the  Wonderful  Star,  which  is  found 
to  vary  its  apparent  size  from  a  star  of  the 
second  or  third,  to  one  of  the  sixth  or  seventh 
magnitude.  (See  p.  50.)  North-west  of 
the  head  of  Cetus,  and  west  of  Aries,  is 
the  constellation  Pisces,  or  the  Fishes,  one 
of  the  signs  of  the  Zodiac,  in  which  there  are 
no  remarkable  stars,  most  of  them  being  of 
the  third,  fourth,  and  inferior  magnitudes. 

Such  is  the  general  outline  of  the  heavens 
as  they  appear  about  the  beginning  of  January. 

General  Appearance  of  the  Heavens  on  the 
1st  of  March,  at  nine  o'clock,  p.  M. 

At  this  period  of  the  year,  at  9  p.  M., 
several  of  the  constellations  which  were  seen 
in  the  beginning  of  January,  have  disappeared, 
such  as  Pegasus,  Pisces,  and  others.  Others, 
which  are  still  visible,  appear  in  other  quar- 
ters of  the  heavens ;  and  some  stars  and  con- 
stellations which  were  then  below  the  horizon 
have  risen  to  a  considerable  elevation  above 
it.  Orion  is  now  in  the  south-west  quarter 
of  the  heavens ;  the  Pleiades,  instead  of  being 
on  the  meridian,  are  due  west,  at  an  eleva- 
tion of  34°  above  the  western  point  of  the 
horizon ;  the  bright  star  Sirius  is  to  the  west 
of  the  meridian,  in  a  direction  S.  S.  W. ; 
Canis  Minor  arid  Procyon  are  a  few  degrees 
to  the  west  of  the  meridian ;  Castor  and 
Pollux,  directly  north  of  Procyon,  have  like- 
wise passed  the  meridian ;  Capella  is  seen  at 
a  high  elevation,  30°  west  of  the  zenith; 
3  N  2  (701) 
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Menkar,  in  the  head  of  the  Whale,  is  within 
a  few  degrees  of  the  western  horizon ;  Aries 
is  likewise  near  the  western  horizon ;  and 
Cassiopeia  is  in  a  north-westerly  direction, 
and  at  a  lower  altitude  than  in  January ; 
Dencb,  in  the  Swan,  is  very  near  the  horizon, 
a  little  to  the  west  of  the  north  point ;  Vega, 
in  the  Lyre,  is  just  rising  at  a  short  distance 
to  the  east  of  it ;  the  head  of  Draco  is  in  a 
N.  N.  E.  direction,  about  18°  above  the 
horizon ;  the  Great  Bear  is  at  a  higher  eleva- 
tion than  in  January,  and  the  Pointers  in  a 
direction  N.  N.  E. ;  and  Cor  Caroli  appears 
in  a  direction  east  by  north,  about  midway 
between  the  zenith  and  the  horizon. 

The  following  constellations,  among  others, 
now  appear  which  were  under  the  horizon  in 
January : — Hydra,  the  largest  star  in  which 
is  Alphard,  or  Cor  Hydrse.  It  is  at  this  time 
in  a  direction  S.  S.  E.,  about  28°  above  the 
horizon.  It  may  be  distinguished  from  this 
circumstance,  that  there  is  no  other  consider- 
able star  near  it  It  is  23°  S.  S.  W.  of  Regu- 
lus.  The  constellation  Leo,  which  was  only 
partly  visible  in  January,  now  appears  in  its 
splendour  towards  the  eastern  part  of  the  sky. 
Regulus,  one  of  its  largest  stars,  situated  with- 
in half  a  degree  of  the  ecliptic,  is  distinguished 
as  being  the  largest  and  lowest  of  a  group  of 
five  or  six  stars  which  form  a  figure  or  curve 
somewhat  resembling  a  sickle.  East  of  Re- 
gulus, at  the  distance  of  25°,  is  Denebola,  in 
the  Lion's  tail,  which  appears  nearly  in  an 
eastern  direction  35°  above  the  horizon.  East 
from  Leo  is  the  constellation  Virgo  ,•  but  all 
the  stars  connected  with  it  have  not  at  this 
time  risen  above  the  horizon.-  It  is  situated 
midway  between  Coma  Berenices,  on  the 
north,  and  Corvus  on  the  south.  Coma 
Berenices,  which  consists  of  a  cluster  of  small 
stars,  is  in  a  direction  nearly  due  east,  and 
about  midway  between  the  zenith  and  the 
horizon.  East  by  north  of  this  cluster  at  a 
low  elevation,  is  Bootes,  the  principal  star  of 
which  is  Arcturus,  of  the  first  magnitude.  It 
is  at  this  time  in  a  direction  east  by  north, 
14°  degrees  above  the  horizon.  Further  to 
the  north,  and  at  a  lower  elevation,  is  Corona 
Borealis,  or  the  Northern  Crown,  the  prin- 
cipal star  in  which  is  called  Alphacca,  of  the 
third  magnitude,  and  11°  east  by  north  of 
Mirac,  or  «  Bootes.  This  constellation  is 
distinguished  by  six  principal  stars,  which  are 
so  placed  as  to  form  a  circular  figure,  some- 
what resembling  a  wreath  or  crown. 

General  Appearance  of  the  Heavens  on  the 
1st  of  May,  at  9  p.  M. 

At  this  period  several  of  the  more  splendid 

constellations  which  adorn  our  nocturnal  sky 

during   winter   have   disappeared.     Orion  is 

nearly  hid  beneath  the  western  horizon,  and 
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only  the  bright  star  Bctelguesc  can  be  faintly 
seen,  as  it  is  about  to  descend  below  the 
western  point  of  the^horizon.  /\ries  has  com- 
pletely disappeared  ;  Caput  Medusae,  Taurus, 
the  Pleiades,  and  Aldebaran,  are  just  verging 
on  the  borders  of  the  north-western  horizon, 
and  are  scarcely  visible;  and  the  brilliant  star 
Sirius  has  completely  disappeared  from  the 
nocturnal  sky.  The  Head  of  Hydra,  with 
Alphard,  its  principal  star,  arc  in  a  south- 
westerly direction  ;  Canis  Minor  and  Procyon 
are  in  a  direction  W.  S.  W.,  considerably  to 
the  west  of  Alphard,  but  nearly  at  the  sams 
altitude.  North  of  Procyon,  at  a  considerable 
distance,  are  Castor  and  Pollux,  about  mid- 
way between  the  zenith  and  the  western  point 
of  the  horizon.  At  a  considerable  distance 
to  the  north-west  of  these  is  Capella,  consider- 
ably nearer  the  north-western  horizon  than 
the  zenith.  Cassiopeia  appears  very  low  in 
altitude,  near  the  northern  quarter  of  the 
heavens,  and  the  Great  Bear  appears  near  its 
most  elevated  position,  not  far  from  the  zenith, 
the  two  Pointers  pointing  nearly  directly 
downwards  to  the  Pole-star,  while  at  the  same 
hour  in  November,  they  point  almost  directly 
upwards.  Regulus  is  about  22°  west  of  the 
meridian,  at  a  considerable  elevation ;  Dene- 
bola, in  the  same  constellation  (the "Lion,)  is 
just  on  the  meridian,  at  a  little  higher  altitude 
than  Regulus.  Arcturus  is  seen  in  a  direc- 
tion E.  S.  E.,  at  a  very  considerable  eleva- 
tion, and  26°  north-west  of  it  is  Cor  Caroli, 
not  very  far  from  the  zenith.  The  stars  in 
the  Northern  Crown  appear  due  east,  midway 
between  the  zenith  and  the  horizon.  The 
brilliant  star  a.  Lyrse  appears  near  the  north- 
east, about  23^°  above  the  horizon.  The 
Swan  is  near  the  N.  N.  E.  quarter  of  the 
sky,  and  one  of  its  principal  stars,  Deneb,  is 
about  14°  above  the  horizon.  The  principal 
stars  in  Draco  appear  elevated  20°  above  a 
Lyrse,  and  nearly  in  the  same  direction. 

The  principal  constellations  which  were 
formerly  invisible  are — the  south-eastern  por- 
tion of  Virgo,  Libra,  Taurus  Puniatowski, 
Serpentarius,  and  Hercules.  These  con- 
stellations appear  near  the  eastern  and  south- 
eastern portions  of  the  sky.  The  bright  star 
of  the  first  magnitude,  Spica  Virginis,  which 
was  below  the  horizon  in  March,  is  now 
elevated  24°,  and  may  be  seen  in  a  direction 
S.  S.  E.  It  is  35°  south-east  of  Denebola, 
and  about  the  same  distance  S.  S.  W.  of 
Arcturus ;  three  stars  of  the  first  magnitude, 
which  form  a  large  equilateral  triangle,  point- 
ing to  the  south.  A  similar  triangle,  pointing 
to  the  north,  is  formed  by  Arcturus,  Denebola, 
and  Cor  Caroli.  The  principal  star  in  Her- 
cules is  Ras  Algethi  ;  and  Ras  Alhague,  5° 
from  it,  in  the  head  of  Ophiuchus,  may  be 
seen  nearly  due  east,  at  a  small  elevation 
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above  the  horizon,  Has  Algethi  being  the 
brightest  and  the  highest.  Libra  is  situated 
to  the  south  of  the  Serpent,  and  to  the  east 
of  Virgo.  Its  two  brightest  stars  are  of  the 
second  magnitude ;  the  one  is  named  Zuben- 
tschamali,  21°  east  of  Spica  Virginis,  but  at 
a  much  lower  altitude;  the  other  is  called 
Zubenelgemabi,  about  9^°  above  the  other 
towards  the  north-east.  At  this  time  they 
appear  in  the  south-east  quarter  of  the  hea- 
vens, at  no  great  elevation  above  the  horizon. 
The  constellation  Serpens  lies  between 
Corona  Borealis  and  Libra.  Its  principal 
star  is  of  the  second  magnitude,  and  named 
Unuk  ;  it  may  be  known  by  being  nearly  in 
the  middle  between  two  smaller  stars,  the 
lower  one  being  2£°,  and  the  upper  5£°  from 
it.  It  is  in  a  direction  E.  S.  E.,  at  about  24° 
above  the  horizon.- 

Aspect  of  the  Heavens  on  the  1st  of  July,  at 
10  P.M. 

As  the  twilight  at  this  season  is  too  strong 
to  admit  of  particular  observations  at  9  p.  M., 
I  have  fixed  the  hour  of  ten  as  the  most  pro- 
per time  for  perceiving  the  principal  stars. 
Most  of  the  southern  constellations  which 
were  visible  in  January,  and  which  are  the 
most  brilliant,  have  now  disappeared ;  and 
those  in  the  north  are  in  positions  in  the  hea- 
vens very  different  from  those  on  which  they 
appeared  in  winter.  The  Northern  Crown, 
the  Serpent,  and  Libra,  are  now  to  the  west 
of  the  meridian ;  Arcturus  is  considerably  to 
the  west  of  the  meridian,  but  at  a  high  eleva- 
tion ;  immediately  below  which,  at  a  consider- 
able distance,  is  Spica  Virginis,  very  near  the 
S.  W.  by  W.  point  of  the  horizon.  Cor 
Caroli  appears  north  by  west  of  Arcturus,  at 
a  considerable  distance,  and  at  a  high  altitude ; 
immediately  below  which,  at  a  considerable 
distance,  and  nearly  due  west,  is  Denebola. 
The  Great  Bear  is  now  considerably  west  of 
the  meridian,  at  a  high  altitude,  the  two 
pointers  pointing  eastward  to  the  Pole-star. 
Castor  and  Pollux  have  just  descended  below 
the  horizon  near  the  north-west ;  and  Capella, 
which  never  sets  in  this  latitude,  is  very  near 
the  north  point,  only  a  few  degrees  above  the 
horizon.  Cassiopeia  is  near  the  north-eastern 
quarter,  at  no  great  elevation,  and  a  Lyrae  is 
at  a  very  high  altitude  to  the  east  of  the 
meridian ;  east  of  which,  at  a  lower  altitude, 
is  Deneb,  one  of  the  principal  stars  in  the 
Swan.  The  four  stars  forming  the  square  of 
Pegasus  are  now  seen  a  little  to  the  north  of 
the  E.  point,  in  a  position  nearly  opposite  to 
that  in  which  they  appeared  in  January. 
The  star  Antares,  in  Scorpio,  of  the  first 
magnitude,  is  past  the  meridian,  at  an  altitude 
of  only  about  11°.  Ras  Algethi  and  Alhague 
are  nearly  on  the  meridian. 


The  constellation  of  Aquila,  or  the  Eagle, 
which  was  formerly  invisible,  now  makes  its 
appearance  in  the  south-east.  Altair,  its 
principal  stnr,  of  between  the  first  and  second 
magnitude,  is  distinguished  by  being  nearly 
in  the  middle  between  two  stars  of  the  third 
magnitude,  each  of  them  2°  distant  from  it  in 
a  line  bearing  S.E.  and  N.W.  Altair  is  at 
this  time  about  37°  above  the  south-eastern 
horizon.  North-east  of  Aquila  is  the  Dolphin, 
at  the  distance  of  13°  or  14°.  It  is  a  beauti- 
ful little  cluster  of  stars,  consisting  of  about 
18  in  number,  including  five  of  the  third  mag- 
nitude, but  none  larger,  which  are  so  arranged 
as  to  form  the  figure  of  a  diamond,  pointing 
N.E.  and  S.W.  It  is  sometimes  known  by 
the  name  of  Job's  Coffin.  North  and  north- 
west of  the  Dolphin  are  Sagitta,  and  Vulpe- 
cula  et  Anser,  or  the  Fox  and  Goose ;  south 
of  Aquila  is  Capricornus,  and  south-east  of 
it,  Aquarius,-  but  these  last  are  more  dis- 
tinctly seen  in  the  month  of  September.  The 
Milky  Way  runs  along  with  considerable 
brightness,  in  the  neighbourhood  of  Aquila, 
Vulpecula,  Delphinus,  and  Cygnus. 

Appearances  of  the  Sidereal  Heavens  on  the 
1st  of  September,  at  9  P.M. 

At  this  time  Altair  is  nearly  on  the  meri- 
dian at  an  altitude  of  46^°,  and  Vega,  or  a 
Lyrae,  is  about  16°  west  of  the  meridian,  in  a 
direction  north  by  west  from  Altaii.  Ras 
Algethi  and  Ras  Alhague  are  west  from  Altair, 
nearly  midway  between  that  star  and  the 
south-western  point  of  the  horizon.  To  the 
north-west  of  Vega  is  the  head  of  Draco,  at 
the  distance  of  nearly  20°.  Arcturus  is  in  a 
position  west  by  north,  within  19°  of  the  ho- 
rizon. The  Northern  Crown  is  in  a  higher 
elevation  than  Arcturus,  nearly  due  west, 
rather  nearer  the  horizon  than  the  zenith.  Cor 
Caroli  appears  nearly  N.W.  by  W.  at  23°  of 
altitude ;  »nd  the  Great  Bear  in  a  north-west- 
erly direction,  and  at  a  lower  altitude  than 
formerly.  To  the  east  of  the  meridian,  Ca- 
pella is  seen  in  a  direction  nearly  N.N.E.,  at 
an  altitude  of  15°.  East  of  Capella,  at  a  little 
lower  elevation,  is  Menkalina,  or  (8  Aurigae,  a 
star  of  the  second  magnitude.  Cassiopeia 
appears  in  the  north-east,  about  midway 'be- 
tween the  zenith  and  the  north-eastern  hori- 
zon. The  Square  of  Pegasus  is  in  a  direction 
east  by  south,  and  is  in  a  much  higher  eleva- 
tion than  in  July.  The  Dolphin  is  a  few  de- 
grees east  of  the  meridian,  and  N.E.  of  Altair, 
at  an  altitude  of  above  50°.  Along  the  south- 
ern quarter  of  the  heavens  are  the  following 
constellations  : — Aries,  in  a  direction  east  by 
north ;  Pisces,  due  east,  and  next  to  Aries  on 
the  west ;  Aquarius,  to  the  west  of  Pisces,  in 
a  direction  S.S.E.;  Capricornus,  west  from 
Aquarius,  nearly  in  the  south;  Sagittarius 
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and  Sobieski's  Shield,  in  a  south-westerly  di- 
rection, and  Scorpio,  which  lies  still  further 
to  the  west.  Most  of  these  constellations, 
except  Aries  and  Pisces,  are  at  a  low  altitude. 

Appearance  of  the  Heavens  an  the  1st  of  No- 
vember, at  9  r.M. 

About  this  time  the  winter  constellations 
begin  again  to  make  their  appearance  in  our 
hemisphere.  The  centre  of  the  Square  of 
Pegasus  is  at  this  season  and  hour  nearly  on 
the  meridian ;  the  stars  Scheat  and  Markab, 
of  which  Scheat  is  the  uppermost,  appear  on 
the  west  of  the  meridian,  and  Alpheratz 
and  Algenib  on  the  cast.  Turning  our  eyes 
to  the  western  part  of  the  heavens,  we  see  the 
Southern  Fish,  a  little  to  the  west  of  the 
south,  and  its  principal  star,  Fomalhaut,  seve- 
ral degrees  to  the  west  of  the  meridian,  at  a 
very  low  altitude.  To  the  west  is  Capricor- 
nus,  and  to  the  north-west,  Aquarius.  Aquila, 
with  its  principal  star  Altair,  is  in  a  direction 
west  by  south,  at  about  23°  above  the  horizon. 
Deneb  Cygni  is  at  a  very  high  elevation, 
about  30°  west  from  the  zenith,  and  a  Lyrae 
26°  north-west  of  it,  in  a  direction  W.N.W., 
at  a  much  lower  elevation.  North  by  west 
of  Lyra  are  the  two  stars  in  the  head  of 
Draco,  Etanin  and  Rastaben,  about  4°  apart. 
Ras  Algethi  and  Ras  Alhague  are  nearly  due 
west,  at  a  very  small  elevation  above  the  ho- 
rizon. The  centre  of  the  Great  Bear  is  nearly 
due  north,  and  at  its  lowest  elevation,  the  stars 
in  the  tail  being  to  the  west,  and  the  two 
pointers  a  little  to  the  east  of  the  northern 
part  of  the  meridian,  pointing  upwards.  Turn- 
ing our  view  to  the  eastern  quarter  of  the  sky, 
we  behold  Aries  in  a  south-easterly  direction, 
next  to  Pegasus,  and  at  a  pretty  high  eleva- 
tion. South  by  east  of  the  first  star  in  Aries 
is  Menkar  in  the  head  of  the  Whale,  in  a  di- 
rection S.E.  by  E.,  about  26°  above  the  ho- 
rizon. North-west  of  the  first  star  in  Aries 
is  Mirach,  and  north  by  east  Almaack,  at  a 
higher  elevation,  both  of  them  in  Andromeda. 
Near  the  north  quarter  is  Capella,  about  mid- 
way between  the  zenith  and  the  horizon.  The 
Pleiades  are  seen  nearly  due  east,  followed 
by  the  ruddy  star  Aldebaran,  at  a  lower  ele- 
vation. Below  Aldebaran,  and  to  the  south- 
east, the  head  and  shoulders  of  Orion  begin  to 
make  their  appearance,  Bellatrix  being  4°  or 
5°  above  the  horizon,  and  Betelguese  a 
little  lower.  Cassiopeia  is  near  the  zenith, 
a  little  to  the  east  of  the  meridian,  and 
Castor  and  Pollux,  in  Gemini,  are  in  a  direc- 
tion north-east,  just  a  little  above  the  horizon. 
At  this  time  the  equinoctial  colure  is  only  a 
few  degrees  to  the  east  of  the  meridian,  and 
the  three  stars  Caph  in  Cassiopeia,  and  Alphe- 
ratz and  Algenib  in  Pegasus,  which  lie  in 
the  line  of  its  curve,  may  now  be  distinctly 
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perceived.  Caph  is  at  the  highest  altitude 
of  the  three,  and  its  distance  from  Alpheratz 
is  about  double  the  distance  between  Alphe- 
ratz and  Algenib.  If  a  line  connecting  these 
three  stars  be  produced  northward,  it  will  ter- 
minate in  the  pole. 


The  above  brief  sketches  may  enable  the 
young  observer  to  trace  the  principal  stars  and 
constellations  by  a  few  observations  at  differ- 
ent seasons  of  the  year.  The  altitudes  here 
expressed  are  stated  in  reference  to  places 
about  52°  north  latitude  ;  but  by  making  cer- 
tain allowances  corresponding  to  the  latitude 
of  the  observer,  the  relative  positions  of  the 
stars  will  appear  nearly  the  same  as  here  re- 
presented, particularly  if  «the  difference  of 
latitude  does  not  much  exceed  10  degrees. 
It  should  be  carefully  remarked  that  the  bear- 
ings of  one  star  from  another,  as  here  given, 
are  strictly  true  only  when  the  star  from 
which  the  bearings  are  given  is  on  or  near  the 
meridian. — (See  note,  p.  88.) 

As  a  further  assistance  to  the  astronomical 
tyro  in  distinguishing  the  stars,  I  have  drawn 
up  the  following  list  of  stars,  chiefly  of  the 
first  and  second  magnitudes,  stating  the  periods 
of  the  year  when  they  come  to  the  meridian, 
or  due  south,  at  nine  o'clock  in  the  evening. 

Caph  in  Cassiopeia,  and  Alpheratz  and 
Algenib,  in  Pegasus,  come  to  the  meridian  on 
the  10/A  of  Nov  em  her,  at  nine  o'clock  in  the 
evening.  Caph  is  near  the  zenith,  and  the 
other  two  at  a  considerably  lower  elevation. 
At  this  time,  Capella  appears  towards  the 
north-east;  the  Pleiades,  Aldebaran,  and 
Orion,  in  the  east;  Deneb  in  Cygnus,  in  the 
north-west;  Lyra,  west-north-west;  and  Al- 
tair, in  Aquila,  west  l>y  south. 

Arietis,  or  the  first  star  of  Aries,  comes  to 
the  meridian  on  the  5th  of  December.  The 
same  stars  noticed  in  the  preceding  instance 
are  still  visible,  but  those  on  the  east  of  the 
meridian  have  risen  to  a  higher  altitude,  and 
those  on  the  west  have  descended  to  a  lower 
elevation  than  on  Nov.  10.  Castor  and  Pol- 
lux are  at  this  time  seen  towards  the  north- 
east, and  Procyon,  a  very  little  above  the 
eastern  point  of  the  horizon. 

Menkar,  in  the  head  of  the  Whale,  arrives 
at  the  meridian  on  the  21st  of  December,  and  at 
the  same  time  the  variable  star  Algol,  in  Me- 
dusa's head,  which  is  37°  due  north  of  Men- 
kar. Altair  has  now  disappeared  from  the 
west,  and  Sirius  is  seen  at  a  small  elevation 
in  the  south-east. 

The  Pleiades  pass  the  meridian  on  the  1st 
of  January,  and  Aldebaran  on  the  10th. 
When  Aldebaran  is  due  south,  Capella  is 
north  by  east  of  it  near  the  zenith ;  Cor  Ca- 
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rcli,  at  a  low  altitude  near  the  north-east; 
Lyra,  near  the  horizon  N.  by  W. ;  Regulus, 
in  the  east;  and  the  head  of  Hydra,  east  by 
«:nuth. 

Bellatrix,  in  Orion,  passes  the  meridian  on 
the  21st  of  January.  Nearly  at  the  same 
time  Cape  1  la  and  @  Aurigae  are  on  the  meri- 
dian. These  three  stars  are  nearly  equidis- 
tant in  a  line  running  north  and  south. 

Castor  and  Pollux  and  Procyon.  These 
three  stars  pass  the  meridian  nearly  at  the 
same  time,  on  the  24th  of  February.  Pollux 
and  Procyon  culminate  nearly  at  the  same 
instant,  and  Castor  about  11  minutes  before 
them,  at  which  time  Procyon  is  23°  south 
of  Pollux.  Orion  is  then  in  a  south-westerly 
direction;  Aldebaran,  midway  between  the 
meridian  and  the  western  horizon ;  Menkar, 
W.  by  S.,  at  a  small  elevation ;  Sirius,  S.  by 
W. ;  and  Capella  to  the  west  of  the  zenith. 
On  the  east  of  the  meridian,  Regulus  is  S.  E. ; 
Denebola,  E. ;  Cor  Caroli,  E.  N.  E. ;  imme- 
diately below  which,  near  the  horizon,  is  Arc- 
turus. 

PrsBcepe,  in  Cancer,  a  small  cluster  of  stars, 
just  perceptible  to  the  naked  eye,  like  a  ne- 
bula, approaches  the  meridian  about  the  3d 
of  March,  at  an  altitude  of  about  60°.  They 
are  N.  E.  of  Procyon,  and  S.  E.  of  Pollux. 
(See  pp.  78-79.) 

Regulus,  in  Leo,  passes  the  meridian  on 
the  6th  of  April.  At  this  time,  Alphard,  in 
Hydra,  is  past  the  meridian  S.  by  E.  from 
Regulus ;  Procyon,  S.  W. ;  Sirius,  S.  W.  near 
the  horizon ;  Orion,  very  low  in  the  west ; 
Algenib,  in  Perseus,  Algol,  Capella,  &c.,  to- 
wards the  N.  W.  On  the  east,  Denebola  ap- 
pears E.  from  Regulus ;  Spica  Virginis,  S.  E. 
at  a  low  altitude ;  Cor  Caroli,  E.  at  a  high 
altitude;  Corona  Borealis,  E.  by  N. ;  and 
Lyra,  at  a  low  altitude  N.  E.  by  N.  The 
Great  Bear,  at  a  high  altitude,  approaching 
the  zenith,  and  Cassiopeia,  at  a  low  altitude 
towards  the  north. 

Uenebola,  in  Leo,  culminates  on  the  3d  of 
May,  at  an  altitude  of  43°.  Regulus  is  25° 
west  of  it,  and  Phad,  in  the  square  of  the 
Great  Bear,  is  39°  N.  of  it.  It  forms  with 
these  two  a  large  right-angled  triangle,  the 
right  angle  being  at  Denebola.  It  is  nearly 
on  the  meridian  with  Phad.  Other  stars  then 
visible  are — Procyon.  W.  by  S. ;  Capella, 
N.  W ;  Arcturus,  E. ;  Spica  Virginis,  S.  S.  E. ; 
Lyra,  N.  E.,  &c. 

Coma  Berenices,  a  beautiful  cluster  of 
small  stars,  but  scarcely  distinguishable  by 
moonlight,  is  on  the  meridian  on  the  13th  of 
May.  (See  p.  78.) 

Spica  Virginis  comes  to  the  meridian  on 
the  23d  of  May.  Stars  visible  on  the  west — 
Capella,  Castor  and  Pollux,  and  Procyon, 
near  the  western  point.  On  the  east — Lyra, 


Arcturus,  Ras  Algethi,  Ras  Alhague,  and 
Altair,  near  the  eastern  horizon.  Near  the 
meridian  to  the  west — Cor  Caroli,  Alioth  and 
Mizar,  in  Ursa  Major. 

Arcturus  is  on  the  meridian  on  the  2~3dof 
June.  The  principal  stars  in  Libra  culmi- 
nate at  a  lower  altitude  about  the  beginning 
of  July. 

Corona  Borealis  is  on  the  meridian  about 
the  1st  of  July.  Its  principal  star  is  eleven 
degrees  east  of  s  Bootes. 

Antares,  in  Scorpio,  passes  the  meridian 
on  the  Wth  of  July,  at  a  very  low  altitude. 

Ras  Algethi,  in  Ophiuchus,  and  Ras  Al- 
hague, in  Hercules,  5°  apart,  culminate  about 
the  28th  of  July,  nearly  at  the  same  time  as 
the  head  of  Draco. 

Vega,  or  a  Lyrse,  culminates  on  the  13th 
of  August.  To  the  west  of  it,  at  a  great 
distance,  is  Arcturus,  and  to  the  north-west, 
Cor  Caroli.  Capella  is  N.  by  E.  at  a  low 
altitude;  Altair,  S.S.E.;  and  Deneb  Cygni, 
E.  at  a  high  altitude. 

Altair,  in  Aquila,  is  at  the  meridian  aoout 
the  30th  of  August,  at  an  altitude  of  about 
46|°. 

Arided,  or  Deneb  Cygni,  is  on  the  meri- 
dian on  the  16th  of  September,  at  an  altitude 
of  82£°.  At  this  time,  Arcturus  is  W.  S.  W., 
near  the  horizon;  Lyra  and  Etanin,  in 
Draco,  west  from  the  meridian,  but  in  a  high 
elevation ;  Cor  Caroli,  N.  W.,  at  no  great 
elevation ;  Hercules,  S.  W.,  midway  between 
the  meridian  and  the  horizon ;  Altair,  a  little 
distance  west  of  the  S. ;  and  the  Dolphin  on 
the  meridian;  the  square  of  Pegasus  in  a 
south-eastern  direction,  Aries  in  the  east,  and 
Capella  towards  the  north-east. 

All  the  stars  specified  above,  at  the  periods 
of  the  year  stated,  pass  the  meridian  (or  cul- 
minate) at  nine  o'clock  in  the  evening. 
Therefore,  if  at  any  one  of  the  periods  of  the 
year  here  specified,  or  a  few  days  before  or 
after1  it,  an  observer,  at  nine  o'clock  P.M., 
observe  the  principal  star  or  stars  near  the 
meridian,  he  can  scarcely  be  at  a  loss  to  re- 
cognize them,  as  well  as  some  of  the  other 
principal  stars  and  constellations  on  the  east 
and  west  of  the  meridian,  which  are  also  spe- 
cified in  the  above  descriptions.  A  person 
can  never  become  familiar  with  the  more  pro- 
minent stars,  the  relative  position  of  the  dif- 
ferent constellations,  and  the  general  aspect 
of  the  heavens,  without  actual  observations. 
Even  the  delineations  on  the  celestial  globe 
will  not  convey  an  accurate  and  impressive 
conception  of  the  scenery  of  the  heavens,  un- 
less the  study  of  these  delineations  be  accom- 
panied with  frequent  surveys  of  the  heavens 
themselves.  It  is  hoped  the  preceding  de- 
scriptions will  afford  some  assistance  to  those 
young  observers  and  others  who  wish  to  con- 
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template  the  sublime  objects  of  creation  with 
their  own  eyes. 

N.B.  In  the  above  and  the  following  de- 
scriptions of  celestial  phenomena,  altitude 
signifies  the  height  of  the  star  or  planet  above 
the  horizon;  S.  S.  E.,  south-south-east;  N.  by 
E.,  north  by  east,  &c.  Degrees  are  marked 
thus  °,  minutes  ',  seconds  "  :  thus,  54°  27' 
35",  expresses  fifty-four  degrees,  twenty- 
seven  minutes  of  a  degree,  and  thirty-five 
seconds.  Every  degree  contains  60  minutes, 
every  minute  60  seconds,  &c.  When  a  hea- 
venly body  is  said  to  culminate,  the  meaning 
is,  that  it  has  arrived  at  the  highest  point  of 
its  course,  or  its  passage  over  the  meridian. 
The  term  is  derived  from  the  Latin  word 
culmen,  the  top  or  summit.  An  occultation 
signifies  the  obscuration  of  a  star  or  planet 
by  the  interposition  of  the  moon,  or  of  another 
planet.  Conjunction  is  when  two  or  more 
stars  or  planets  are  in  the  same  part  of  the 
heavens;  and  opposition,  when  they  are  180° 
asunder,  or  in  opposite  parts  of  the  heavens. 


PHENOMENA  OF  THE  PLANETS 
FOR  THE  YEARS  1840  &  1841. 

I.  POSITIONS  ETC.  OF  THE  PLANETS  FOR  1840. 

1.  The  Planet  Mercury. 

This  planet  can  be  distinctly  seen  by  the 
naked  eye  only  about  the  time  of  its  greatest 
elongation ;  and.  to  those  whp  reside  in  high 
northern  latitudes  it  will  scarcely  be  visible 
even  at  such  periods,  if  it  be  near  the  utmost 
point  of  its.  southern  declination. 

The  following  are  the  periods  of  its  great- 
est elongation  for  1840  :  On  the  8th  of  Janu- 
ary, it  is  at  its  western  elongation,  when  it  is 
23°  19'  west  of  the  sun,  and  will  be  seen  in 
the  morning  near  the  south-eastern  part  of 
the  horizon;  but  as  it  is  then  21°  45'  in 
southern  declination,  and  this  declination, 
every  day  on  the  increase,  its  position  at  that 
time  will  not  be  favourable  for  observation. 
Its  next  greatest  elongation  is  on  the  20th  of 
March,  when  it  will  be  18£  degrees  east  of 
the  sun,  and  be  seen  in  the  evening  soon 
after  sunset.  This  will  form  one  of  the  most 
favourable  opportunities  of  perceiving  this 
planet  by  the  naked  eye,  or  by  means  of  a 
small  opera-glass.  Its  declination  being  above 
nine  degrees  north,  and  on  the  increase,  it 
will  be  distinctly  seen  for  about  ten  days — 
namely,  from  the  16th  to  the  26th  of  March, 
a  little  to  the  north  of  the  western  point  of 
the  horizon,  not  far  from  the  point  at  which 
the  sun  sets  at  that  period.  On  the  5th  of 
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May,  it  will  again  reach  its  greatest  western 
elongation,  when  it  will  be  seen  in  the  morn- 
ing before  sunrise.  Its  declination  is  then 
4^  degrees  north,  and  western  elongation 
from  the  sun,  26°  18'.  At  this  period,  about 
four  o'clock  in  the  morning,  it  may  be  seen 
for  more  than  three  weeks, — namely,  from 
about  the  20th  of  April  to  the  25th  of  May. 
Its  direction  will  be  nearly  due  east.  This 
would  form  the  most  favourable  opportunity 
of  viewing  this  planet,  were  it  not  that  the 
strong  twilight  at  this  season  has  a  tendency 
to  overpower  its  light. 

In  the  month  of  July,  if  the  long  twilight 
do  not  prevent,  there  will  be  another  favour- 
able opportunity  of  inspecting  this  planet. 
During  the  whole  of  this  month,  Mercury 
will  be  at  a  considerable  distance  from  the 
sun ;  but  the  best  time  for  observation  will 
be  from  the  middle  till  the  end  of  the  month, 
as  the  twilight  will  then  be  less  intense.  It 
arrives  at  the  point  of  its  greatest  eastern 
elongation  on  the  18th,  when  it  is  nearly  27° 
from  the  sun,  and  will  be  seen  in  the  evening 
a  little  to  the  north  of  the  western  point  of 
the  compass,  about  forty  minutes  after  sunset, 
or  nearly  nine  o'clock  P.M.  Its  next  greatest 
western  elongation  will  be  on  the  1st  of  Sep- 
tember, when  it  is  18°  5'  west  of  the  sun. 
At  this  period,  it  may  be  seen  in  the  morning 
before  five  o'clock,  in  a  direction  nearly  east 
by  north,  from  the  27th  of  August  to  the  5th 
of  September.  On  the  12th  of  November,  it 
is  at  its  next  eastern  elongation,  when  it  will 
be  seen  after  sunset  near  the  south-western 
point  of  the  horizon ;  but  as  its  southern  de- 
clination is  at  this  time  about  25  degrees,  it 
will  descend  below  the  horizon  nearly  at  the 
same  time  with  the  sun.  The  next  elonga- 
tion is  on  the  21st  of  December,  when  it  is 
21°  50'  west  of  the  sun,  and  will  be  seen  in 
the  morning  between  seven  and  eight,  near 
the  south-east  quarter  of  the  horizon. 

The  periods  most  favourable  for  detecting 
this  planet  in  the  evenings  are,  March  20th 
and  July  18th;  and  in  the  mornings,  May 
5th  and  September  1st.  During  the  interval 
of  a  week  or  ten  days,  both  before  and  after 
the  time  of  its  greatest  elongation,  and  some- 
times for  three  or  four  weeks  in  succession, 
when  in  high  north  declination,  this  planet 
may  generally  be  seen  in  a  clear  sky  when 
in  such  favourable  positions  as  those  now 
stated.  In  those  regions  of  the  globe  which 
lie  south  of  the  equator,  the  planet  will  be  in 
the  most  favourable  position  for  observation 
when  in  south  declination. 

2.  The  Planet  Venus. 

This  planet,  like  Mercury,  is  seen  alter- 
nately, in  the  evening  towards  the  western 
quarter  of  the  heavens,  and  in  the  morning 
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towards  the  eastern  quarter.  In  its  lustre  it 
exceeds  all  the  other  stars  and  planets,  and 
its  brilliancy  is  such  that  it  can  scarcely  be 
mistaken  by  any  observer  when  its  position 
in  the  heavens  is  pointed  out. 

Venus  will  be  seen  only  in  the  morning 
from  the  beginning  of  the  year  till  the  end  of 
July.  During  the  months  of  January,  Feb- 
ruary, and  March,  it  will  be  seen  before  sun- 
rise, chiefly  in  th^  south-eastern  quarter  of 
the  heavens.  Throughout  April,  May,  June, 
and  July,  it  will  be  seen  in  the  eastern  and 
north-eastern  parts  of  the  heavens.  During 
the  whole  of  this  period,  it  will  appear,  when 
viewed  with  a  telescope,  either  as  a  half- 
moon  or  with  a  gibbous  phase.  Its  superior 
conjunction  with  the .  sun  happens  on  the 
morning  of  the  25th  of  July,  after  which  it 
becomes  an  evening  star;  but  it  will  not  be 
much  noticed  by  common  observers  till  about 
the  beginning  or  middle  of  September,  on 
account  of  its  proximity  to  the  sun.  From 
this  period  it  will  continue  to  be  seen  in  the 
evening  chiefly  in  the  south-western  part  of 
the  sky,  at  a  low  elevation,  till  the  end  of  the 
year.  On  the  whole,  this  planet  will  not  be 
very  conspicuous  during  1840,  either  to  the 
eye  of  a  common  observer  or  for  telescopic 
observation.  From  the  beginning  of  Septem- 
ber to  the  end  of  December,  it  will  exhibit  a 
gibbous  phase,  like  the  moon  about  three  or 
lour  days  before  the  full. 

Venus  will  be  in  conjunction  with  Saturn 
on  the  22d  of  January,  at  2h  8'  P.M.,  when 
it  will  be  57'  north  of  Saturn.  It  will  be  in 
conjunction  with  Mars  on  the  16th  of  June, 
at  sixteen  minutes  past  three  in  the  morning, 
when  Mars  will  be  46'  north  of  Venus ;  and 
it  will  be  in  conjunction  with  Jupiter  on  the 
23d  of  October,  at  8>»  34'  P.M.,  when  it  will 
be  1°  6'  south  of  that  planet. 

3.  The  Planet  Mars. 

This  planet  will  not  be  very  conspicuous 
during  this  year  on  account  of  its  great  dis- 
tance from  the  earth,  and  its  proximity  to  that 
part  of  the  heavens  in  which  the  sun  appears. 
It  is  in  conjunction  with  the  sun  on  the  4th 
of  May,  after  which  it  will  be  a  considerable 
time  before  it  become  conspicuous  to  the  un- 
assisted eye.  Throughout  the  months  of 
August  and  September,  and  the  latter  part  of 
July,  it  will  be  seen  early  in  the  morning,  be- 
fore sunrise,  near  the  north-eastern  quarter  of 
the  heavens.  From  September  till  the  end 
of  the  year,  it  will  appear  somewhat  more 
conspicuous,  but  not  exceeding  in  apparent 
size  a  star  of  the  third  magnitude.  On  the 
1st  of  October  it  comes  to  the  meridian  at  six 
minutes  past  nine  in  the  morning,  at  an  alti- 
tude of  52$°  above  the  southern  horizon.  On 
the  1st  of  November,  it  passes  the  meridian 


at  fourteen  minutes  past  eight  in  the  morning, 
at  an  altitude  of  about  46U  ;  and  on  the  1st 
of  December,  it  transits  the  meridian  at  nine- 
teen minutes  past  beven  in  the  morning,  at 
an  altitude  of  39  §°.  At  this  time  (1st  of 
December,)  it  rises  nearly  due  east  about  one 
in  the  morning  and  will  be  pretty  distinguish- 
able on  account  of  its  ruddy  aspect  about  an 
hour  before  sunrise. 

4.    The  Planets  Vesta,  Juno,  Ceres,  and 
Pallas. 

These  planets  are  not  perceptible  by  the 
naked  eye.  The  best  time  for  observing  them 
with  telescopes  is  when  they  are  at  or  near 
the  period  of  opposition  to  the  sun,  when  they 
are  nearest  the  earth.  Even  then  it  will  be 
sometimes  difficult  to  detect  them  without 
the  assistanct  of  transit  or  equatorial  in- 
struments. 

Vesta  will  be  in  opposition  on  the  18th  of 
May,  when  it  will  pass  the  meridian  at  mid- 
night, at  an  elevation  above  the  horizon  of 
27°  34£'.  Its  right  ascension  is  then  l£b  51' 
55£",  and  its  declination,  10°  25£'  south. 
This  planet  will  be  in  conjunction  with  the 
star  |  Librae  on  the  1st  of  March,  at  twenty- 
seven  minutes  past  five  in  the  morning,  the 
star  being  55'  north  of  Vesta ;  it  will  likewise 
be  in  conjunction  with  the  same  star  on  the 
15th  of  May,  at  noon,  when  the  star  will  be 
29'  south  of  the  planet.  On  the  19th  of 
July,  at  six  in  the  morning,  it  will  be  in  con- 
junction with  yl  Librae,  when  the  star  will 
be  only  one  minute  south  of  the  planet,  so 
that  they  will  both  appear  in  the  same  field 
of  the  telescope.  On  the  26th  of  August,  at 
nineteen  minutes  past  eight  A.M.,  it  will  be 
in  conjunction  with  v  Scorpio,  when  the  star 
will  be  only  1 1'  south  of  Vesta.  On  Sep- 
tember 3d,  at  eight  in  the  evening,  it  will  be 
in  conjunction  with  ^  Ophiuchi,  the  star  11' 
north  of  the  planet.  On  the  2d  of  October, 
at  half-past  one  in  the  morning,  it  is  in  con- 
junction with  Saturn,  being  1°  2'  south  of 
that  planet ;  and  on  the  6th  of  December,  at 
ten  minutes  past  one  in  the  morning,  it  is  in 
conjunction  with  Venus,  Vesta  being  only 
1 1'  north  of  Venus. 

Pallas  will  be  in  opposition  to  the  sun  on 
the  5th  of  July,  at  thirty  minutes  past  nine 
in  the  evening.  Right  ascension,  18°  44' 
52" ;  north  declination,  22°  1 1'  37".  It  will 
pass  the  meridian  about  midnight,  at  an  alti- 
tude of  about  60°  11^'. 

Ceres  will  be  in  opposition  July  17th,  at 
six  in  the  morning.  Right  ascension,  19° 
54' ;  south  declination,  30°  8'.  It  will  pass 
the  meridian  at  an  elevation  somewhat  less 
than  8°. 

Juno  will  not  be  in  opposition  to  the  sun 
during  1840. 
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That  the  best  time  for  observing  these 
ixxlies  is  at  the  period  of  their  opposition  will 
appear  from  the  following  consideration: — 
that  they  are  between  two  and  three  times 
nearer  the  earth  at  the  time  of  opposition 
than  when  near  the  period  of  their  conjunc- 
tion with  the  sun  ;  for  example,  Vesta  is  225 
millions  of  miles  distant  from  the  sun,  and 
consequently  only  130  millions  distant  from 
the  earth  at  the  time  of  opposition ;  but  at  the 
conjunction,  its  is  the  whole  diameter  of  the 
earth's  orbit  =190  millions  of  miles,  further 
distant, — that  is  320  millions  of  miles,  which 
is  a  distance  about  two  and  a  half  times  greater 
than  when  it  is  in  opposition. 

5.  The  Planet  Jupiter. 

During  the  months  of  January,  February, 
March,  and  April,  this  planet  will  be  seen 
chiefly  in  the  morning.  About  the  beginning 
of  February,  it  will  rise  in  a  direction  south- 
east by  east,  about  half-past  one  in  the  morn- 
ing, and  will  come  to  the  meridian,  at  a 
quarter  past  six  in  the  morning,  at  an  eleva- 
tion of  about  22°  above  the  southern  horizon. 
On  the  1st  of  March,  it  will  rise  about  eight 
minutes  before  midnight,  and  pass  the  meridian 
about  half-past  four  in  the  morning.  On  the 
1st  of  April,  it  will  rise  at  forty-three  minutes 
past  nine  in  the  evening,  and  pass  the  meridian 
at  a  quarter  past  two  in  the  morning.  It 
will  be  in  opposition  to  the  sun,  and  conse- 
quently nearest  the  earth,  on  the  4th  of  May, 
when  it  will  rise  between  seven  and  eight  in 
the  evening.  From  this  period  till  the  middle 
of  November,  when  it  is  nearly  in  conjunction 
with  the  sun,  it  will  be  visible  as  an  evening 
star,  when  it  will  be  seen  at  different  periods, 
chiefly  in  the  south-eastern,  the  southern,  and 
south-western  parts  of  the  heavens,  at  a  com- 
paratively low  altitude;  but  it  will  not  be 
much  noticed  by  the  naked  eye  after  the  end 
of  September  on  account  of  its  southern  decli- 
nation, which,  for  a  considerable  time,  will 
be  gradually  increasing.  Towards  the  end 
of  December  it  will  again  be  seen  in  the 
morning  near  the  south-eastern  quarter  of  the 
horizon.  The  best  time  for  telescopic  ob- 
servations on  this  planet  will  be  from  the 
beginning  of  April  till  the  beginning  of 
September. 

Jupiter  will  be  in  conjunction  with  the  star 
aa  Librae  on  the  15th  of  May,  at  forty-three 
minutes  past  three  in  the  morning,  when  the 
star  will  appear  one  degree  south  of  Jupiter ; 
and  on  the  27th  of  August,  at  a  quarter  past 
two  in  the  morning,  it  will  be  in  conjunction 
with  the  same  star,  when  it  will  be  34'  be- 
low Jupiter.  On  the  21st  of  November,  at 
4h  34'  P.M.,  it  is  in  conjunction  with  the  sun. 
On  March  5th,  at  three  in  the  morning,  all 
<je  satellites  of  Jupiter  will  be  on  the  cant  of 
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that,  planet,  when  viewed  with  a  telescope 
having  an  erect  eye-piece,  and  in  the  order 
of  their  distances  from  Jupiter.  The  same 
phenomenon  will  happen  on  the  8th  of  June, 
at  thirty  minutes  past  eleven  in  the  evening ; 
on  the  1st  of  August,  at  half-past  eight  in 
the  evening;  on  the  27th  of  August,  at  the 
same  hour,  but  on  the  west  of  Jupiter ;  on  the 
20th  of  September,  at  seven  P.M.,  on  the  east 
of  Jupiter ;  and  on  the  1 6th  of  October,  at  six 
P.M.,  on  the  west  of  Jupiter. 

This  planet  can  scarcely  be  mistaken,  even 
by  a  common  observer,  when  the  quarter  of 
the  heavens  in  which  it  is  visible  is  known, 
as  it  is  next  'to  Venus  in  apparent  magnitude 
and  splendour.  It  will  appear  most  brilliant 
about  the  end  of  April  and  the  beginning  of 
May. 

6.  The  Planet  Saturn. 

This  planet  was  in  conjunction  with  the 
sun  on  the  6th  of  December,  1839;  and  there- 
fore it  will  not  be  before  the  month  of  Febru- 
ary this  year  that  it  will  be  in  a  favourable 
position  for  telescopic  observation.  During 
the  months  of  February,  March,  and  April,  it 
will  be  seen  only  in  the  morning  before  sun- 
rise, in  the  south-eastern  quarter  of  the  hea- 
vens, at  a  comparatively  low  altitude.  On 
the  1st  of  February,  it  rises  at  half-past  four 
in  the  morning,  and  comes  to  the  meridian 
about  half-past  eight,  at  an  elevation  of  about 
16£°.  On  the  1st  of  March,  it  rises  at  forty 
minutes  past  two  in  the  morning;  on  the  1st 
of  April,  at  forty-two  minutes  past  twelve, 
midnight ;  and  on  the  first  of  May,  it  rises  at 
forty  minutes  past  ten  in  the  evening.  It  is 
in  opposition  to  the  sun  on  the  8th  of  June ; 
after  which  it  will  be  seen  in  the  evening. 
During  the  greater  part  of  the  month  of  May, 
it  will  likewise  be  seen  between  ten  in  the 
evening  and  midnight,  but  at  a  low  altitude. 
It  will  continue  to  be  visible  till  the  month  of 
December,  but  it  will  be  difficult  to  distinguish 
it  after  the  month  of  October,  on  account  of 
its  low  altitude  and  its  proximity  to  the  sun. 
It  arrives  at  the  point  of  its  conjunction  with 
the  sun  on  the  1 5th  of  December.  The  most 
favourable  times  and  positions  for  taking 
telescopic  views  of  this  planet  will  be  during 
the  months  of  May,  June,  July,  August,  and 
September,  especially  when  it  is  on  or  near 
the  meridian.  During  the  latter  part  of 
August  and  the  months  of  October  and  No- 
vember, about  an  hour  after  sunset,  it  will  be 
seen  towards  the  south-western  quarter  of  the 
heavens,  at  a  comparatively  small  elevation 
above  the  horizon. 

This  planet  is  not  distinguished  for  its 
brilliancy  to  the  naked  eye ;  but  it  exhibits 
a  most  striking  and  beautiful  appearance 
through  a  good  telescope;  more  so  than  any 
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other  planet  of  our  system.  It  appears  of  a 
dull  leaden  colour  when  viewed  by  the  naked 
eye,  and  is  not  easily  distinguished  from  a 
fixed  star  except  by  the  steadiness  of  its  light, 
never  presenting  a  twin/ding  appearance  as 
the  stars  do;  and  from  which  circumstance  it 
may  be  distinguished  from  neighbouring  stars. 
It  will  be  in  conjunction  with  the  star  Rho 
Ophiuchi  on  the  5th  of  June,  at  51  minutes 
past  8  P.M.,  when  the  star  will  be  about  half 
a  degree  north  of  the  planet.  It  will  like- 
wise be  in  conjunction  with  the  same  star  on 
the  27th  of  October,  at  Ob  36'  P.M.,  when 
the  star  will  be  fifty-four  minutes  of  a  degree 
north  of  the  planet.  During  this  year  the 
rings  of  Saturn  will  appear  to  the  greatest 
advantage,  the  openings  of  these  rings  being 
then  at  their  utmost  extent.  In  the  begin- 
ning of  October,  the  proportion  of  the  longer 
axis  to  the  transverse  axis  of  the  rings  is 
nearly  as  35  to  16. 

7.  The  Planet  Uranus. 

This  planet  is  for  the  most  part  invisible 
to  the  naked  eye.  The  best  time  for  detect- 
ing it  by  means  of  a  telescope  is  when  it  is 
at  or  near  the  period  of  its  opposition  to  the 
sun,  which  happens  this  year  on  the  morn- 
ing of  the  llth  of  September.  At  that  time 
it  passes  the  meridian  about  midnight,  at  an 
elevation  of  about  32-f0  above  the  horizon. 
On  the  1st  of  August,  it  passes  the  meridian 
at  forty  minutes  past  two  in  the  morning ;  on 
the  1st  of  October,  at  thirty -two  minutes  past 
ten  in  the  evening;  on  the  1st  of  November, 
at  twenty-seven  minutes  past  eight ;  and  on 
the  1st  of  December,  at  twenty-eight  minutes 
past  six,  in  the  evening.  Its  right  ascension, 
or  distance  from  the  first  point  of  Aries  at  its 
opposition,  September  11,  is  23h  18' ;  and  its 
south  declination,  5°  20'  26//.  It  rises  during 
the  year  at  points  a  little  to  the  southward  of 
the  eastern  point  of  the  compass.  It  is  in 
conjunction  with  the  moon  on  the  9th  of 
January,  at  2»>  17'  P.M.,  when  it  is  1°  27' 
south  of  the  moon.  It  is  in  conjunction  with 
Mars  on  the  16th  of  February,  at  HH  33' 
P.M.,  when  Uranus  is  only  nine  minutes  of 
a  degree  to  the  north  of  Mars ;  so  that  the 
two  planets  would  be  seen  at  the  same  time 
in  the  field  of  the  telescope,  were  not  both 
these  bodies  rather  too  near  the  sun  at  that 
time  for  distinct  observation.  It  is  in  con- 
junction with  the  sun  on  the  6th  of  March, 
and  with  the  moon  on  the  31st,  when  it  is 
2C  1'  south  of  the  moon.  It  is  in  conjunction 
with  Venus  on  the  6th  of  April,  at  seven  in 
the  morning,  when  it  is  40'  north  of  Venus. 
On  the  25th  of  May,  at  forty-five  minutes 
past  nine  in  the  evening,  it  is  in  conjunction 
with  the  moon,  whon  it  is  2°  39'  south  of 
that  luminary.  On  the  15th  of  August,  at 


3h  15'  P.M.,  it  is  again  in  conjunction  with 
the  moon,  when  it  is  3J  9'  south  of  that 
luminary.  On  the  llth  of  September,  at 
8h  42'  P.M.  1  and  on  the  9th  of  October,  at 
four  in  the  morning,  it  is  in  conjunction  with 
the  moon,  and  in  both  cases  it  is  then  about 
3°  south  of  the  moon. 

N.B.  In  the  preceding  statements,  the  ob- 
server is  supposed  to  be  in  52°  north  latitude. 
In  places  a  few  degrees  to  the  north  or  south 
of  this  latitude,  a  certain  allowance  must  be 
made  for  the  times  of  rising  and  the  altitudes 
which  are  here  specified.  To  those  who  re- 
side in  lower  latitudes  than  52°  the  altitudes 
of  the  different  bodies  will  be  higher,  and  to 
those  in  higher  latitudes  the  altitudes  will  be 
lower  than  those  which  are  here  specified. 
For  example ;  when  it  is  stated  that  Saturn 
comes  to  the  meridian  at  an  altitude  of  16^°, 
this  planet  will  pass  the  meridian  of  a  place 
in  42°  N.  latitude,  at  an  altitude  of  26£°, 
and  the  meridian  of  a  place  in  62°  N.  latitude, 
at  an  altitude  of  only  6|°.  There  being  10° 
of  difference  in  the  latitude  of  the  supposed 
places,  the  altitude  of  the  heavenly  body  will 
be  10°  higher  in  the  one  case,  and  10°  lower 
in  the  other. 


II.   POSITIONS  OF  THE  PLANETS 
FOR  1841. 

1.  Mercury. 

This  planet  is  at  its  superior  conjunction 
with  the  sun  on  the  5th  of  February,  and  at 
its  greatest  elongation  on  the  4th  of  March, 
when  it  is  18°  8'  east  of  that  luminary;  it 
will  therefore  appear  as  an  evening  star,  in  a 
direction  nearly  due  west,  a  little  above  the 
horizon,  after  sunset,  between  six  and  seven 
in  the  evening.  It  arrives  at  its  inferior  con- 
junction with  the  sun  on  the  20th  March. 
Its  next  greatest  western  elongation  happens 
on  the  17th  of  April,  when  it  is  27°  21' west 
of  that  luminary.  The  planet  will  be  seen 
about  ten  or  twelve  days  before  and  after  this 
time  in  an  easterly  direction,  between  three 
and  four  in  the  morning.  Its  next  superior 
conjunction  is  on  the  26th  of  May ;  and  its 
next  greatest  eastern  elongation,  on  the  30th 
of  June,  when  it  is  25°  49'  east  of  the  sun, 
and  consequently  will  be  visible  in  the  even- 
ing, in  a  north-westerly  direction,  after  sun- 
set. This  would  form  one  of  the  most  favour- 
able opportunities  of  seeing  this  planet,  as  it 
is  then  in  a  high  north  declination,  were  it 
not  that  the  strong  twilight  at  this  season 
prevents  small  objects  in  the  heavens  from 
being  easily  distinguished.  Its  next  greatest 
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elongation  is  on  August  15th,  when  it  is  18° 
37'  west  of  the  sun,  when  it  will  be  seen  in 
A  north-easterly  direction,  about  four  in  the 
morning.  It  is  again  at  its  greatest  eastern 
elongation  on  the  25th  of  October,  when  it  is 
nearly  24°  east  of  the  sun.  It  will  be  near 
the  south-western  part  of  the  sky  about  sun- 
set ;  but  its  great  southern  declination  at  that 
period  will  prevent  it  from  being  easily 
distinguishable.  On  the  3d  of  December,  it 
will  reach  the  point  of  its  greatest  western 
elongation,  when  it  is  20£°  west  of  the  sun, 
when  it  may  be  seen  for  a  week  before  and 
after  this  time,  about  seven  in  the  morning, 
in  a  direction  a  little  to  the  north  of  the  south- 
east point  of  the  compass,  at  low  altitude. 

2.  Venus. 

Venus  will  this  year  exhibit  a  more  frequent 
and  brilliant  appearance  to  common  observers 
than  in  1840.  It  will  be  an  evening  star,  first 
in  the  south-western,  next  in  the  western,  and 
afterwards  in  the  north-western  quarter  of  the 
heavens,  during  the  months  of  January,  Feb- 
ruary, March,  April,  and  the  beginning  of  May. 
During  the  greater  part  of  January,  it  will 
appear  nearly  in  a  south-westerly  direction, 
and  W.  S.  W.  Throughout  February,  it  will 
appear  nearly  west,  and  west  by  north. 
Throughout  March,  April,  and  the  beginning 
of  May,  it  will  be  seen  in  a  north-westerly  di- 
rection, will  be  visible  in  a  pretty  high  eleva- 
tion above  the  western  horizon,  and  will  con- 


tinue for  the  most  part  nearly  three  hou/s 
above  the  horizon  after  sunset.  Its  greatest 
brilliancy  is  about  the  8th  of  April,  when  it 
appears  in  a  crescent  form.  When  viewed 
by  the  telescope  in  January,  it  will  present  a 
gibbous  phase,  like  the  moon  four  or  live  days 
before  or  after  the  full.  In  February  and 
March,  it  will  be  in  the  form  of  a  half-moon; 
in  April  and  the  beginning  of  May.  it  will 
assume  the  figure  of  a  crescent ;  this  crescent 
will  appear  more  and  more  slender,  but  more 
expansive,  till  within  a  few  days  of  its  inferior 
conjunction  with  the  sun,  which  takes  place 
on  the  1 5th  of  May,  about  one  in  the  morn- 
ing. After  this  period,  this  planet  will  be 
seen  by  the  naked  eye  only  in  the  morning 
before  sunrise,  in  an  easterly  and  north-east- 
erly direction,  till  the  end  of  the  year ;  but 
with  an  equatorial  telescope  it  may  be  dis- 
tinctly seen  every  clear  day,  even  at  noon, 
during  its  whole  course  from  one  conjunction 
to  another,  with  the  exception  of  only  two  or 
three  weeks  in  the  course  of  nineteen  months. 
Its  greatest  brilliancy,  after  passing  its  inferior 
conjunction,  is  about  the  twentieth  of  June  ; 
previous  to  which  it  will  appear  as  a  crescent, 
and  will  afterwards  gradually  assume  a  half- 
moon  and  a  gibbous  phase. 

Venus,  in  its  course  throughout  this  year, 
will  pass  very  near  some  of  the  other  planets 
and  some  of  the  fixed  stars.  The  following 
table  exhibits  the  times  and  circumstances  of 
those  conjunctions  in  which  Venus  makes  the 
nearest  approach  to  some  of  these  bodies : 


Time  of  conjunction. 

h 

.  m 

Star  in  conjunction. 

Relative  position. 

1. 

Jan. 

12    .... 

11 

11 

A.M. 

0-Aquari  .... 

*      0°15'N. 

2. 

. 

25    .... 

1 

25 

A.M. 

Uranus    .... 

TJra. 

0 

4 

N. 

3. 

Feb. 

18    .... 

7 

46 

A.M. 

fPiscium.  .  .  . 

* 

0 

a 

N. 

4. 

March 

22    .... 

0 

11 

A.M. 

cArietis  .... 

* 

0 

8 

N. 

5. 

April 

7    .... 

0 

5(5 

A.M. 

ePlciadum  .  .  . 

0 

0 

51 

S. 

6. 



23    .... 

6 

31 

P.M. 

The  Moon     .  . 

Ven. 

0 

59 

N. 

7. 

July 

12    .... 

743 

A.M. 

61  Tatiri      .  .  . 

* 

0 

11 

S. 

8. 

___ 

12    .... 

3 

52 

P.M. 

«2Tauri  .... 

* 

0 

20 

S. 

9. 



13    .... 

1 

4 

A.M. 

d'Tauri  .... 

* 

0 

| 

N. 

10. 

— 

24    .... 

3 

40 

A.M. 

wTauri   .... 

* 

0 

46 

S. 

11. 

— 

31    .... 

11 

15 

A.M. 

f  Tauri    .... 

* 

0 

57 

N. 

12. 

August 

4    .... 

9 

25 

A.M. 

%\  Orionis    .  .  . 

* 

0 

14 

S. 

13. 

— 

6    .... 

1 

20 

P.M. 

2'Orionis    .  .  . 

* 

0 

30 

S. 

14. 

_ 

12    .... 

3 

53 

A.M. 

i/Geminorum    . 

* 

0 

35 

S. 

15. 

— 

19    .... 

7 

12 

P.M. 

£Geminorum   . 

* 

0 

4 

S. 

16. 

Sept. 

10    .... 

2 

45 

A.M. 

6  Cancri  .... 

* 

0 

38 

N. 

17. 

12    .... 

7  50 

A.M. 

The  Moon    .  . 

Ven. 

0 

21 

f 

18. 

— 

28    .... 

0 

13 

A.M. 

a  Leonis  .... 

* 

0 

5 

S. 

19. 

Oct. 

3    .  ,  .  . 

7 

35 

A.M. 

8  Leonis  .... 

* 

0 

43 

S. 

20. 

— 

10    .... 

9 

1 

A.M. 

2  Leonis    .  .  . 

* 

0 

15 

N. 

21. 

— 

13    .... 

9 

5fi 

P.M. 

a  Leonis     .  .  . 

* 

0 

29 

N. 

22. 

— 

26    .... 

I 

42 

P.M. 

»7  Virginia  .  .  . 

* 

0 

14 

S. 

In  the  above  table,  the  first  column  states    with  Venus  ;  the  second  column  contains  the 
the  time  of  conjunction  of  the  star  or  planet    same  star  or  planet ;  and  the  third,  the  d;s- 
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tance  and  position  of  the  star  or  planet  from 
Venus.  N.  denotes  that  the  star  is  north  of 
Venus ;  and  S.,  that  it  is  south.  A.M.  de- 
notes oefore  twelve  at  noon;  and  P.M.,  after- 
noon. In  those  conjunctions  marked  Nos.  1, 
2,  3,  4,  8,  9,  12,  15,  17,  18,  20,  22,  the  star 
and  the  planet  will  be  seen  in  the  same  field 
of  view  of  the  telescope ;  and  although  the 
observation  should  require  to  be  made  in  the 
daytime,  the  star  may  probably  be  distinguished 
if  the  telescope  have  a  great  magnifying 
power.  The  conjunction  of  Venus  with  Ura- 
nus on  the  25th  of  January,  at  twenty-five 
minutes  past  one  in  the  morning,  will  afford 
an  opportunity  to  amateur  obseners  of  ob- 
serving this  latter  planet,  which  is  invisible  to 
the  naked  eye.  Although  both  these  bodies 
will  be  uet  to  the  inhabitants  of  Britain  before 
the  conjunction  take  place,  yet  they  will  be 
both  seen  in  the  same  field  of  the  telescope 
between  six  and  eight  o'clock  on  the  preced- 
ing evening,  and  they  will  not  be  far  distant 
on  the  evening  immediately  succeeding  the 
conjunction.  At  New  York,  Philadelphia, 
Boston,  and  other  parts  of  the  United  States, 
these  planets  will  be  seen  about  an  hour  or 
an  hour  and  a  half  before  the  time  of  conjunc- 
tion, Uranus  appearing  very  near  Venus,  and 
uppermost,  when  viewed  with  a  telescope 
having  an  erect  eye-piece. 

N.  B.  All  the  above  and  the  preceding  and 
following   statements  are  calculated   for  the 
meridian  of  Greenwich,  and  are  expressed, 
not  in  astronomical,  but  in  civil  time. 
3.  Mars. 

During  this  year  this  planet  will  make  a 
conspicuous  appearance,  arid  be  seen  in  its 
brightest  lustre ;  but  its  declination  being 
south  throughout  the  year,  it  will  not  rise  to 
so  high  an  altitude,  nor  remain  so  long  above 
the  horizon,  as  in  some  former  years.  During 
the  months  of  January,  February,  and  March, 
it  will  be  seen  only  or  chiefly  in  the  morning, 
in  a  south-easterly  direction.  In  the  beginning 
of  January,  it  will  appear  nearly  in  a  direction 
east  by  south,  soon  after  the  time  of  its  rising. 
On  February  the  first,  it  comes  to  the  meridian 
about  five  'in  the  morning,  at  an  altitude  of 
about  29° ;  and  on  March  the  first,  at  thirty- 
seven  minutes  past  three  in  the  morning,  at 
an  altitude  of  27°.  About  the  middle  of 
March,  it  will  rise  about  half-past  nine  in  the 
evening,  and  may  be  seen  about  an  hour  or 
two  afterwards  near  the  south-west  quarter  of 
the  heavens.  From  this  period,  it  will  be 
seen  in  the  evening,  till  the  end  of  the  year; 
but  as  its  distance  from  the  earth  will  rapidly 
increase  after  the  months  of  August  and  Sep- 
tember, and  as  it  is  then  in  a  high  degree  of 
south  declination,  it  will  not  be  much  noticed 
by  common  observers  during  October,  Novem- 


ber, and  December.  On  the  18th  of  April, 
about  two  in  the  morning,  it  arrives  at  the 
point  of  its  opposition  to  the  sun,  when  it  is 
nearest  the  earth,  when  it  appears  with  a  full 
enlightened  hemisphere,  and  when  it  affords 
the  best  opportunities  for  telescopic  observa- 
tion. It  will  be  most  conspicuous  this  year 
in  the  evening,  during  March,  April,  May, 
June,  July,  and  August,  and  will  be  distin- 
guished from  surrounding  stars  by  its  ruddy 
appearance.  During  the  months  of  July, 
August,  and  September,  it  will  be  seen  chiefly 
near  the  south-western  portion  of  the  sky. 
On  the  1 1th  of  March  it  is  stationary  ;  that 
is,  appears  without  any  apparent  motion ; 
after  which,  its  motion  is  retrograde,  or  eon- 
traiy  to  the  order  of  the  signs  of  the  Zodiac, 
and  so  continues  till  the  29th  of  May,  when 
it  is  again  stationary ;  after  which  its  motion 
is  direct  or  according  to  the  order  of  the  signs. 
The  planet  Mars  will  be  in  conjunction 
with  0  Virginis  on  the  1st  of  January,  at 
thirty-two  minutes  past  four  P.M.,  when  the 
star  will  be  17'  south  of  the  planet.  It  will 
be  in  conjunction  with  x  Virginis  on  the  4th 
of  April,  at  eight  o'clock  in  the  morning,  when 
the  star  will  be  49'  north  of  Mars.  It  will  be 
in  conjunction  with  a2  Librae  on  the  10th  of 
August,  at  nineteen  minutes  past  two  P.M., 
the  star  1°  58'  north.  On  the  16th  of  Sep- 
tember, at  fifty-three  minutes  past  three  in  the 
morning,  the  star  g  Ophiuchi  will  be  in  con- 
junction, at  the  distance  of  only  1'  to  the 
south ;  so  that  the  two  bodies  will  seem  almosV 
to  touch  each  other.  On  the  27th  of  Septet* 
ber,  about  six  o'clock  in  the  evening,  this 
planet  will  be  in  conjunction  with  Jupiter, 
when  Mars  will  appear  2°  4'  to  the  south  of 
Jupiter.  On  the  4th  of  October,  at  thirty-five 
minutes  past  ten  P.M.,  it  will  be  in  conjunc- 
tion with  0  Ophiuchi,  when  the  star  will  ap- 
pear only  6'  south  of  the  planet.  On  Decem- 
ber 18th,  it  will  be  in  conjunction  with  /  Ca- 
pricorni,  at  8"  47'  P.M.,  when  the  star  will 
be  only  eight  minutes  of  a  degree  south  of 
Mars. 

4.   Vesta,  Juno,  Ceres,  and  Pallas. 

These  planets  will  all  be  in  opposition  to  the, 
sun  this  year.  Vesta  will  be  in  opposition  on 
the  22d  of  October,  at  twenty-one  minutes 
past  three  in  the  morning.  It  will  transit  the 
meridian  about  midnight,  at  an  altitude  of  38° 
20'.  Right  ascension,  2h  2'  27" ;  north  de- 
clination, 20'  23"  On  the  20th  of  April,  at 
I1'  25'  P.M.,  it  is  in  conjunction  with  the 
star  p  Piscium,  the  star  1°  34'  north  of  the 
planet.  On  the  22d  of  April,  at  10"  56'  A.M., 
it  is  in  conjunction  with  r  Piscium,  the  star 
1°  1 1'  South  of  Vesta.  On  the  24th  of  Au- 
gust, at  lh  44'  A.M.,  the  star  v  Ceti  will  be  in 
conjunction,  the  star,  14'  north  of  V  esta ;  both 
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these  bodies  will  therefore  be  seen  in  the  same 
field  of  a  telescope. 

Juno  will  be  in  opposition  on  the  1 9th  of 
March  at  2h  45'  P.M.,  and  will  come  to  the 
meridian  about  midnight,  at  an  altitude  of 
41°  3'.  Right  ascension,  1  lh  59'  55"  ;  north 
declination,  3°  3'  15".  Juno  will  be  in  con- 
junction with  yj  Virginis  on  the  4th  of  March, 
at  3h  24'  P.M.,  the  star  28'  south  of  Juno. 
On  the  25th  of  April,  at  noon,  it  will  be  in 
conjunction  with  i>  Virginis,  when  the  star 
will  be  only  7'  north  of  the  planet.  This  con- 
junction will  afford  a  favourable  opportunity 
for  detecting  Juno.  On  the  24th  of  May,  at 
7h  12'  A.M.,  it  will  again  be  in  conjunction 
with  v  Virginis,  when  the  star  will  be  36' 
south  of  the  planet.  On  the  22d  of  June,  at 
8h  36'  A.M.,  it  will  be  in  conjunction  with  it 
Virginis,  the  star  45'  north  of  the  planet. 

Pallas  is  in  opposition  to  the  sun  on  the 
4th  of  September,  at  5h  34'  P.M.,  when  it 
will  come  to  the  meridian  at  an  altitude  of 
40°  41£'.  Right  ascension,  22h  37';  north 
declination,  2°  41'  20".  Pallas  will  be  in 
conjunction  with  the  star  tj  Aquarii  on  the 
20th  of  September,  about  one  in  the  mornVig, 
when  the  star  will  be  22'  south  of  Pallas. 

Ceres  is  in  opposition  on  October  13th,  at 
twenty-two  minutes  past  eleven  A.M.,  and 
comes  to  the  meridian  at  that  time  at  an  ele- 
vation above  the  southern  horizon  of  32°  453'. 
Right  ascension,  lh  35'  20" ;  north  declina- 
tion, 5°  14'  30". 

5.  Jupiter. 

This  planet  passed  its  conjunction  with  the 
sun  on  the  21st  of  November,  1840,  and  will 
appear  as  a  morning  star  during  the  months 
of  January,  February,  March,  and  April.  On 
the  1st  of  January,  it  will  rise  near  the  south, 
at  thirty-four  minutes  past  five  in  the  morn- 
ing, and  will  pass  the  meridian  at  forty 
minutes  past  nine,  at  an  altitude  of  nearly 
17°.  On  the  1st  of  February,  it  will  rise  in 
the  same  quarter,  at  fifty-six  minutes  past 
three,  and  come  to  the  meridian  about  eight. 
On  the  1st  of  March,  it  will  rise  at  twenty- 
two  minutes  past  two  in  the  morning,  and 
pass  the  meridian  at  twenty-eight  minutes 
past '  six.  On  the  1st  of  April,  it  rises  at 
twenty-eight  minutes  past  twelve,  midnight ; 
nnd  on  the  1st  of  May,  at  thirty-two  minutes 
past  ten  in  the  evening;  after  which  it  will 
continue  to  be  seen  in  the  evening  till  about 
the  faiddle  of  November.  It  will  be  in  con- 
junction with  the  sun  on  the  morning  of  the 
23d  of  December,  after  which,  it  will  be  a 
morning  star.  The  declination  of  Jupiter  on 
January  1st  is  21°  3^'  south,  and  on  the  1st 
of  December,  23°  13}'  south.  On  account, 
therefore,  of  its  great  southern  declination,  its 
altitude  will  be  low,  and  its  duration  above 
(712) 


the  horizon  comparatively  short.  Its  altitude, 
when  passing  the  meridian  about  the  begin- 
ning of  December,  is  only  14°  40'.  Its  op- 
position to  the  sun  happens  on  the  5th  of 
June,  at  10''  16'  P.M.  It  will  appear  chiefly 
in  a  southerly  and  south-westerly  direction  in 
the  evenings  of  July,  August  and  September. 
The  best  time  for  telescopic  observations  on 
this  planet  in  the  evening  will  be  from  April 
till  the  end  of  August. 

On  the  20th  of  April,  at  a  quarter  past 
three  in  the  morning,  all  the  satellites  of  Ju- 
piter will  appear  on  the  west  side  of  the 
planet,  when  viewed  with  a  telescope  having 
an  erect  eye-piece,  and  in  the  order  of  their 
distances  from  Jupiter.  The  same  pheno- 
menon will  happen  on  the  8th  of  June,  at 
thirty  minutes  past  eleven  in  the  evening. 
On  the  5th  and  18th  of  July,  (on  the  east  of 
Jupiter,)  at  forty-five  minutes  past  nine  in 
the  evening;  on  the  27th  of  September,  at 
7h  30'  P.M.;  and  on  the  17th  of  November, 
at  5h  P.M. 

6.  Saturn. 

This  planet  will  be  seen  only  in  the  morn- 
ing from  the  beginning  of  January  till  the 
beginning  of  May.  On  the  1st  of  February, 
it  will  rise  at  5h  8'  A.M.,  in  a  direction  nearly 
south-east,  and  will  come  to  the  meridian  at 
9h  8'  A.M.,  at  an  altitude  of  15°  35';  on  the 
1  st  of  March,  it  rises  at  twenty-eight  minutes 
past  three  in  the  morning;  on  the  1st  of 
April,  at  thirty-one  minutes  past  one ;  and 
on  the  1st  of  May,  at  thirty-two  minutes  past 
eleven  in  the  evening.  From  January  till 
May  the  planet  will  be  seen  chiefly  in  a 
south-easterly  direction  in  the  morning,  at  a 
small  elevation  above  the  horizon.  From 
July  till  October  it  will  be  seen  in  the  even- 
ing, chiefly  in  a  southerly  and  south-by-west 
direction.  It  is  in  opposition  to  the  sun  on 
the  21st  of  June,  when  it  rises  about  eight 
in  the  evening,  and  passes  the  meridian  about 
midnight.  It  will  be  in  conjunction  with  the 
sun  on  the  27th  of  December.  Its  right  as- 
cension on  the  1st  of  January  is  17h  43',  and 
its  south  declination,  22°  21'.  On  the  31st 
of  December,  its  right  ascension  is  18''  26', 
and  south  declination,  22°  40'.  On  account 
of  its  great  southern  declination  and  ita  vi- 
cinity to  the  sun,  it  will  not  be  much  noticed 
during  the  latter  part  of  October  and  the 
months  of  November  and  December. 

During  this  year  the  ring  of  Saturn  will  be 
in  a  very  favourable  position  for  telescopic 
observation,  the  elliptical  figure  of  the  rin^ 
appearing  nearly  at  its  utmost  width,  so  that 
it  will  appear  very  nearly  to  encompass  the 
planet.  The  best  periods  for  telescopic  ob- 
servations in  the  evening  will  be  from  the 
month  of  May,  till  the  end  of  September. 
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7.   Uranus. 

Uranus  will  be  in  opposition  to  the  sun  on 
the  15th  of  September,  at  10"  17'  A.M.,  when 
it  will  pass  the  meridian  about  midnight,  at 
an  altitude  of  34°  15'  Right  ascension  at 
this  period,  23h  33J' ;  south  decimation,  3° 
45'.  It  is  in  conjunction  with  Venus  on  the 
2-5th  of  January,  at  twenty-five  minutes  past 
one  in  the  morning,  and  is  distant  from  Venus 
only  four  minutes  of  a  degree.  It  is  in  con- 
junction with  Vesta  on  the  9th  of  April,  at 
nine  in  the  evening,  being  3°  54'  to  the 
north  of  Vesta.  On  the  1st  of  September,  it 
passes  the  meridian  at  fifty-one  minutes  past 
twelve,  midnight;  on  the  1st  of  October,  at 
forty-nine  minutes  past  ten  in  the  evening ; 
on  the  1st  of  November,  at  forty-three  minutes 
past  eight;  on  the  1st  of  December,  at  forty- 
four  minutes  past  six;  and  on  the  1st  of  Ja- 
nuary, 1842,  at  forty -four  minutes  past  four 
in  the  afternoon.  The  most  eligible  periods 
for  detecting  this  planet  by  means  of  the  tele- 
scope are  the  months  of  August,  September, 
October,  and  November. 

N.B.  The  preceding  descriptions  of  pla- 
netary phenomena  are  chiefly  intended  to  in- 
form common  observers  as  to  the  seasons  of 
the  year  when  the  different  planets  may  be 
seen,  and  the  quarters  of  the  heavens  to 
which  they  are  to  direct  their  attention  in 
order  to  distinguish  them.  It  may  be  proper 
to  observe,  that  the  planets  in  general  cannot 
be  distinguished  by  the  naked  eye  for  about 
a  month  before  and  after  their  conjunctions 
with  the  sun,  except  Venus,  which  may  fre- 
quently be  seen  within  a  week  before  and 
after  its  inferior  conjunction ;  but  this  planet 
will  sometimes  be  invisible  to  the  naked  eye 
for  a  month  or  two  before  and  after  its  supe- 
rior conjunction  with  the  sun. 

For  a  particular  description  of  the  motions, 
distances,  magnitudes,  and  other  phenomena 
in  relation  to  the  primary  planets  and  their 
satellites,  the  reader  is  respectfully  referred  to 

'  the  volume  entitled  "  CELESTIAL  SCENERT  ; 
or  the  Wonders  of  the  Planetary  System  Dis- 

,  played,"  where  all  the  most  interesting  facts 
connected  with  the  solar  system,  and  the 
scenery  it  displays,  are  particularly  detailed. 


ECLIPSES  AND  OCCULTATIONS. 
ECLIPSES  iir  1840. 

There  will  be  four  eclipses  this  year,  two 

of  the  sun  and  two  of  the  moon ;  but  none  of 

them  will  be  visible  within  the  limits  of  the 

British  isles,  nor  in  the  United   States   of 
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America,  except  a  partial  eclipse  of  the  moon, 
August  13th,  at  7h  23'  A.M.,  Greenwich  time. 
This  eclipse  will  be  visible  at  Philadelphia, 
New  York,  Boston,  and  most  parts  of  North 
America,  but  not  in  Britain.  On  March  4th, 
there  will  be  an  annular  eclipse  of  the  sun, 
the  middle  of  which  will  happen  at  7"  '23P 
A.M.;  and  on  August  27th  there  will  be  a 
total  eclipse  of  the  sun  ;  middle  of  the  eclipse 
about  7h  A.M.  These  two  interesting  eclipses 
will  be  visible  chiefly  in  the  eastern  parts  of 
the  globe,  in  the  eastern  parts  of  Africa,  the 
East  Indies,  the  Indian  Ocean,  Australia,  &c. 
At  the  Cape  of  Good  Hope,  there  will  be  a 
partial  eclipse  of  the  sun  on  August  27th  ; 
but  both  eclipses  will  be  invisible  both  in 
Britain  and  America. 


ECLIPSES 


1841. 


This  year  there  will  be  six  eclipses,  four 
of  the  sun  and  two  of  the  moon,  at  the  fol- 
lowing times  :  —  Of  the  sun,  January  22d,  at 
5h  23',  a  partial  eclipse,  visible  only  in  a 
small  portion  of  the  southern  ocean  ;  of  the 
moon,  February  6th,  at  2h  6'  A.M.,  visible  in 
Great  Britain  ;  of  the  sun,  a  partial  eclipse, 
February  21st,  at  Ilh4'  A.M.,  visible  chiefly 
in  the  North  Atlantic  Ocean,  Iceland,  and 
East  Greenland  ;  of  the  sun,  a  partial  eclipse, 
July  18,  at  2h  24'  P.M.,  visible  in  Baffin's 
Bay,  Iceland,  Norway,  Sweden,  Russia  in 
Europe,  Prussia,  Germany,  Scotland,  &c.. 
but  invisible  at  Greenwich  ;  of  the  moon,  a 
total  eclipse,  August  2d,  at  10h  1'  A.M.  ;  of 
the  sun,  a  partial  eclipse,  August  16th,  at  9h- 
19'  P.M.,  visible  chiefly  in  the  South  Pacific 
Ocean.  The  times  here  specified  denote  the 
middle  of  the  eclipse. 

All  the  above  eclipses  are  invisible  at 
Greenwich,  and  in  most  parts  of  Britain,  ex- 
cept the  total  eclipse  of  the  moon  on  Febru- 
ary 5th  and  6th,  of  which  the  following  is  a 
more  particular  detail  in  mean  time  at  Green- 
wich: 

h.    m. 
First  contact  with  penumbra  of 

the  earth's  shadow,  Feb.  5.  .  1  1  24  P.M. 
First  contact  with  dark  shadow, 

Feb.  6  ........     0  20   A.M. 

First    total    immersion  in   dark 

shadow,  Feb.  6  .....  1  17  A.M. 
Middle  of  the  eclipse,  Feb,  6.  .  2  6£  A.M. 
Last  total  immersion  in  dark  sha- 

dow, Feb,  6  ......     2  55£  A.M. 

Last  contact  with  dark  shadow, 

Feb.  6  ........     3  52$  A.M. 

Last    contact    with    penumbra, 

Feb  6  .........     4  49    A.M. 

Digits  eclipsed,  20£. 

A  large  solar  eclipse  will  be  visible   on 
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July  8,  1842 ;  and  no  eclipse  of  the  gun  will 
be  visible  in  Britain  till  that  time.  That 
eclipse  will  be  total  in  the  southern  parts  of 
France,  and  large  even  in  and  near  London. 
At  Greenwich,  it  will  begin  at  4h  53^'  A.M., 
and  end  at  6h  43'.  Digits  eclipsed,  9°  42£'. 
Of  course  this  eclipse  will  not  be  visible  in 
the  United  States,  nor  throughout  any  part 
of  America,  as  the  sun  will  not  at  that  time 
be  risen  to  those  places. 

OCCULTATIONS  OF  VEXUS    BT  THE    MOOX    IX 

1841. 

On  the  26th  of  March,  1841,  the  planet 
Venus  will  suffer  an  occultation  by  the  moon. 
It  will  begin  to  be  immersed  behind  the  moon 
at  forty  minutes  past  two  o'clock  in  the  after- 
noon, of  Greenwich  mean  time,  and  will 
emerge  from  behind  the  opposite  limb  of  the 
moon  at  twenty-three  minutes  past  3  P.M. 
Another  occultation  of  Venus  will  happen  on 
the  12th  of  September,  1841 ;  immersion, 
thirty  minutes  past  six  in  the  morning; 
emersion,  forty-two  minutes  past  7  A.M.  In 
the  occultation  of  March  26,  Venus  will  be 
nearly  in  the  form  of  a  half-moon,  and  the 
rnoon  in  the  form  of  a  crescent.  Venus  will 
be  immerged  at  the  dark  (or  eastern)  limb 
of  the  moon,  and  will  emerge  from  the  en- 
lightened crescent.  They  will  be  then  nearly 
on  the  meridian,  at  an  altitude  of  about  60°, 
and  nearly  three  hours  of  right  ascension  east 
of  the  sun.  A  short  time  after  sunset,  Venus 
will  be  seen  a  little  west  from  the  lunar  cres- 
cent, but  very  near  it,  shining  with  consider- 
able splendour.  Although  this  occultation 
will  happen  while  the  sun  is  above  the  hori- 
zon, yet  both  the  moon  and  Venus  will  be 
easily  perceived  with  a  common  telescope  of 
very  moderate  magnifying  power.  In  the 
occultation  which  takes  place  on  the  morning 
of  September  12,  Venus  will,  as  in  the  former 
case,  be  nearly  in  the  shape  of  a  half-moon, 
and  the  moon  a  slender  crescent,  being  only 
2£  days  from  the  period  of  conjunction  or 
•new  moon.  In  this  case  Venus  will  be  im- 
merged at  the  enlightened  limb  of  the  moon, 
and  emerge  from  the  dark  limb.  Both  bodies 
will  be  then  in  an  easterly  or  north-easterly 
direction,  and  the  immersion  will  take  place 
a  little  after  sunrise ;  about  half  an  hour  be- 
fore which,  Venus  will  be  seen  a  very  little 
to  the  east  of  the  rnoon. 


EXPLANATIONS  OF  SOME  OF  THE 
ENGRAVINGS  OF  THE  STARS. 

PLATES  I.  and  II.,  which  represent  por- 
tions of  the  heavens  as  seen  about  the  middle 
of  January  and  the   1st  of  September,  have 
(714) 


been  explained  pp.  14 — 17 ;  and  PLATE  III., 
which  represents  the  north  circumpolar  stars 
has  been  explained  pp.  17 — 21. 

PLATE  IV.  represents  some  of  the  larger 
stars  and  principal  constellations  around  the 
South  Pole,  to  the  distance  of  45°  from  that 
pole.  It  also  shows  a  portion  of  the  Milky 
Way  which  traverses  that  region  of  the  hea 
vens,  and  which  is  said  to  appear  there  with 
peculiar  brilliancy.  One  of  the  principal 
constellations  which  is  frequently  noticed,  and 
which  appears  peculiarly  striking  to  sea-faring 
people  and  others,  is  called  Crux,  or  the 
Cross,  from  the  resemblance  it  bears  to  that 
figure.  It  consists  of  five  stars,  one  of  the 
first  magnitude,  two  of  the  second,  one  of  the 
third,  and  one  of  the  fourth  magnitude.  Four 
of  these  are  in  the  position  of  the  cross ;  the 
northermost  and  southermost  of  which  are 
always  in  a  line  with  the  south  pole,  and 
therefore  serve  for  a  direction  in  south  latitude 
to  discover  that  pole,  as  the  Two  Pointers  in 
the  Great  Bear  serve  to  direct  the  eye  to  the 
North  Polar-star.  There  is  no  large  or  pro- 
minent star  at  or  near  the  South  Pole.  This 
constellation  is  represented  near  the  line,  or 
meridian,  which  points  at  XII.,  opposite  to 
the  month  of  May.  All  its  stars,  except  the 
lowermost,  appear  within  the  limits  of  the 
Milky  Way.  The  stars  immediately  below 
the  Cross  belong  to  the  Centaur  /  those  on 
the  left,  opposite  April,  belong  to  Robur 
Caroli,  or  King  Charles's  Oak,  which  con- 
tains a  star  of  the  first  magnitude.  Further 
to  the  left,  opposite  March,  is  Argo  Navis  or 
the  Ship.  Still  further  to  the  left,  opposite 
February,  is  Pisces  Volans,  the  Flying  Fish, 
which  contains  a  star  of  the  first  magnitude, 
named  Canopus.  This  star  is  marked  near 
the  left  side  of  the  map,  opposite  the  middle 
of  February.  To  the  right  from  the  Cross 
are  the  two  fore  legs  of  the  Centaur,  distin- 
guished by  two  stars  of  the  first  magnitude, 
named  Agena  and  Bungula,  Agena  being  the 
one  next  to  the  Cross.  They  are  in  the  Milky 
Way,  and  appear  opposite  the  month  of  June. 
Next  to  the  Cross  and  the  Centaur,  on  tiie 
right,  are  Circinus,  or  the  Compasses ;  the 
Southern  Triangle,  which  contains  three  stars 
of  the  second  magnitude  in  the  form  of  a  tri- 
angle ;  and  Ara,  or  the  Altar,  which  lies  ad- 
jacent to  the  right  hand  side  of  the  map, 
opposite  the  space  between  July  and  August. 

Directing  our  attention  to  the  upper  part 
of  the  map,  on  the  left,  there  is  the  constella- 
tion Equuleus  Pictoria,  or  the  Painter's 
Easel,  which  consists  of  a  number  of  small 
stars.  Next  to  this,  and  a  little  above  it,  is 
Dorado,  or  the  Sword  Fish,  which  contains 
two  or  three  stars  of  the  second  and  third 
magnitudes.  To  the  right  of  Dorado  is 
Hydrus,  or  the  Water  Snake ;  above  which 
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is  Ackemar.  a  staT  of  the  first  magnitude  in 
Eridantu,  which  appears  opposite  the  1st  of 
December.  Next  to  Achernar,  on  the  right 
is  Toucana,  or  the  Anglican  Goose ;  above 
which,  opposite  November,  is  the  Phoenix  ; 
to  the  right  of  which  is  the  Crane,  which 
contains  two  stars  of  the  second  magnitude ; 
below  which  is  Pavo,  or  the  Peacock,  which 
contains  several  stars  of  the  second  and  third 
magnitudes ;  below  Pavo,  opposite  to  August, 
is  Tclescopium,  or  the  Telescope,  which  con- 


tains no  remarkable  stars.  Within  eleven 
degrees  of  the  South  Pole,  represented  by  the 
central  point  of  the  map,  are  two  of  those 
whitish  or  nebulous  spaces  called  the  Ma- 
gellanic  Clouds,  which  are  found  by  the 
telescope  to  consist  of  small  stars  and  nebu- 
lous appearances.  The-  other  Magellanic 
cloud,  which  is  the  largest,  is  at  a  consider- 
able distance  from  the  South  Pole.  In  speci- 
fying the  names  of  some  of  the  above  stated 
constellations,  the  incongruity  of  the  animal 3 


PLATE  IV. 


THE  SOUTH  CIRCUAIPOLAR  STARS. 


Mid  figures  by  which  these  groups  of  stars 
are  represented  will  at  once  be  apparent  to 
the  reader. 

PLATE  V.  contains  a  condensed  representa- 
tion of  some  of  the  principal  constellations  in 
the  northern  and  southern  hemispheres  on 
Merca.tar's  Projection,  chiefly  for  the  purpose 
of  exhibiting  THE  COUBSE  OF  THE  MILKY 
WAY,  and  the  relative  positions  of  the  con- 
stellations. Some  of  the  larger  stars  may  be 
here  traced  as  a  Lyree,  Capella,  &c.,  but 


they  are  more  easily  distinguished  in  the 
other  maps.  (See  the  description  given  of 
the  Milky  Way,  p.  71.) 

Fig.  80  (p.  158)  represents  the  comet  of 
1661,  as  seen  byHevelius;  the  atmosphere, 
or  nebulosity,  surrounding  the  nucleus,  when 
viewed  at  different  times,  varied  in  its  extent, 
as  likewise  the  tail  in  its  length  and  breadth. 

Fig.  81  (p.  158)  represents  a  class  of 
cornets  which  have  their  tails  somewhat  bent, 
which  somo  suppose  to  be  owing  to  the  re- 
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sistance  of  the  ethereal  fluid  through  which 
they  move. 

Fig.  85  represents  a  telescopic  view  of  the 
Pleiades,  a  group  of  stars  in  the  constellation 
Taurus.  About  forty  stars  are  here  repre- 
sented, but  with  powerful  talescopes  many 
more  may  be  discovered.  Rheita  affirms 
that  he  counted  200  stars  within  this  cluster, 


and  yet  telescopes,  at  the  period  when  he 
lived,  had  not  arrived  at  the  point  of  perfec- 
tion they  have  now  attained.  The  principal 
star  in  the  Pleiades  is  Alcione,  of  the  third 
magnitude,  which  is  here  represented  near 
the  centre  of  the  cluster.  The  names  of  the 
others  visible  to  the  naked  eye  are  Merope, 
Maia,  Jfilectra,  Tayeta,  Sterope,  and  Celine 


Fig.  85. 


The  principal  Stars  composing  the  Pleiades. 

Merope  is  the  one  which  some  suppose  to  sixth,  seventh,  eighth,  and  ninth  magnitudes, 

have  been  lost.      In  fabulous  history,  these  The  lines  from  right  to  left  are  portions  of 

stars  were  the  seven  daughters  of  Atlas  and  circles  of  declination,  which  run  parallel  with 

the  nymph  Pleione,  who  were  turned  into  the  equinoctial,  as  the  parallels  of  latitude  on 

stars  with  their  sisters  the  Hyades,  on  account  the  terrestrial  globe  do  with  respect  to  the 

of  then*  mutual  a(Fection  and  amiable  virtues,  equator ;    and   on  these  the  declination,  or 

The  other  five  stars,  besides  Alcione,  are  distance  of  the  body  from  the  equinoctial,  is 

of  the  fifth  magnitude,  as  represented  in  the  marked.     The  other  lines,  from  top  to  bottom, 

plate  ;  and  the  rest  are  telescopic  stars  of  the  are  portions  of  circles  of  right  ascension  cor- 
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responding  with  meridians  on  the  terrestrial  at  the  right  and  left  hand  sides,  shows  that 

globe.     On  these  are  marked  the  right  ascen-  the  star  or  stars  in  that  line  are  23°  north  of 

sions  of  the  heavenly  bodies  or  their  distance,  the  equinoctial. 

reckoned  on  the  equinoctial   from  the   first        Fig.  86  represent  the  tail  of  the  splendid 

point  of  Aries.    One  of  these  lines,  at  the  top  comet  of  1744,  which  was  divided  into  six 

and  bottom,  is  marked  54°,  showing  that  the  branches,  as  described  p.  161.     See  also  the 

stars  in  that  line  are  54°  east  from  the  first  description  given  of  this  comet,  pp.  154,  156. 
point  of  Aries  ;  and  the  number  23,  marked 

Fig.  86. 
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PREFACE. 


THE  following  work  was  announced  several  years  ago  in  the  preface  to  the  vol- 
ume on  "  The  Sidereal  Heavens,"  since  which  time  numerous  inquiries  have  been 
made  after  it  by  correspondents  in  England,  the  West  Indies,  and  America.  It  was 
nearly  ready  for  publication  three  years  ago,  but  circumstances  over  which  the 
author  had  no  control  prevented  its  appearance  at  that  period.  This  delay,  how- 
ever, has  enabled  him  to  introduce  descriptions  of  certain  instruments  and  inven- 
tions winch  were  partly  unknown  at  the  time  to  which  he  refers. 

The  term  "  Practical  Astronomer"  has  been  fixed  upon  as  the  shortest  that  could 
be  selected,  although  the  volume  does  not  comprise  a  variety  of  topics  and  discus- 
sions generally  comprehended  in  this  department  of  astronomy.  The  work  is  in- 
tended for  the  information  of  general  readers,  especially  for  those  who  have  acquired 
a  relish  for  astronomical  pursuits,  and  who  wish  to  become  acquainted  with  the  in- 
struments by  which  celestial  observations  are  made,  and  to  apply  their  mechanical 
skill  to  the  construction  of  some  of  those  which  they  may  wish  to  possess.  With 
this  view,  the  author  has  entered  into  a  variety  of  minute  details,  in  reference  to 
the  construction  and  practical  application  of  all  kinds  of  telescopes,  &c.,  which  are 
not  to  be  found  in  general  treatises  on  Optics  and  Astronomy. 

As  Light  is  the  foundation  of  astronomical  science,  and  of  all  the  instruments 
used  for  celestial  observation,  a  brief  description  is  given  of  the  general  properties 
of  light — of  the  laws  by  which  it  is  retracted  and  reflected  when  passing  through 
different  mediums,  and  of  the  effects  it  produces  in  the  system  of  nature — in  order  to 
prepare  the  way  for  a  clear  understanding  of  the  principles  on  which  optical  instru- 
ments are  constructed,  and  the  effects  they  produce. 

As  this,  as  well  as  every  other  physical  subject,  forms  a  part  of  the  arrangements 
of  the  Creator  throughout  the  material  system,  the  author  has  occasionally  taken  an 
opportunity  of  directing  the  attention  of  the  reader  to  the  Wisdom  and  Beneficence 
of  the  Great  First  Cause,  and  of  introducing  those  moral  reflections  which  naturally 
flow  from  the  subject. 

The  present  is  the  ninth  volume  which  the  author  has  presented  to  the  public, 
and  he  indulges  the  hope  that  it  will  meet  with  the  same  favourable  reception 
which  his  former  publications  have  uniformly  experienced.  It  was  originally  in- 
tended to  conclude  the  volume  with  a  few  remarks  on  the  utility  of  astronomical 
studies,  ^and  their  mora/and  religious  tendency,  but  this  has  been  prevented,  for  the 
present,  in  consequence  of  the  work  having  swelled  to  a  greater  size  than  was  an- 
ticipated. Should  he  again  appear  before  the  public  as  pn  author,  the  subject  of 
discussion  and  illustration  will  have  a  more  direct  bearing  than  the  present  on  the 
great  objects  of  religion  and  a  future  world. 

BROUGHTY  FERRY,  near  DUNDEE, 
August,  1845. 
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PRACTICAL  ASTRONOMER. 


PART   I. 
ON   LIGHT. 

INTRODUCTION. 


LIGHT  is  that  invisible  ethereal  matter 
wtiich  renders  objects  perceptible  by  the  visual 
organs.  It  appears  to  be  distributed  through- 
out the  immensity  of  the  universe,  and  is 
essentially  requisite  to  the  enjoyment  of  every 
rank  of  perceptive  existence.  It  is  by  the 
agency  of  this  mysterious  substance  that  we 
become  acquainted  with  the  beauties  and 
sublimities  of  the  universe,  and  the  wonderful 
operations  of  the  Almighty  Creator.  With- 
out its  universal  influence,  an  impenetrable 
veil  would  be  thrown  over  the  distant  scenes 
of  creation ;  the  sun,  the  moon,  the  planets, 
and  the  starry  orbs  would  be  shrouded  in  the 
deepest  darkness,  and  the  variegated  surface 
of  the  globe  on  which  we  dwell  would  be 
almost  unnoticed  and  unknown.  Creation 
would  disappear,  a  mysterious  gloom  would 
surround  the  mind  of  every  intelligence,  all 
around  would  appear  a  dismal  waste  and  an 
undistinguished  chaos.  To  whatever  quarter 
we  might  turn,  no  form  nor  comeliness  would 
be  seen,  and  scarcely  a  trace  of  the  perfections 
and  agency  of  an  All  Wise  and  Almighty 
Being  could  be  perceived  throughout  the 
universal  gloom.  In  short,  without  the  influ- 
ence of  light,  no  world  could  be  inhabited,  no 
animated  being  could  subsist  in  the  manner 
it  now  does,  no  knowledge  could  be  acquired 
of  the  works  of  God,  and  happiness,  even  in 
the  lowest  degree,  could  scarcely  be  enjoyed 
by  any  organized  intelligence. 

We  have  never  yet  known  what  it  is  to 
live  in  a  world  deprived  of  this  delightful 
visitant ;  for  in  the  darkest  night  we  enjoy  a 
share  of  its  beneficial  agency,  and  even  in  the 
deepest  dungeon  its  influence  is  not  altogether 
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unfelt.*  The  blind,  indeed,  do  not  directly 
enjoy  the  advantages  of  light,  but  its  influ- 
ence is  reflected  upon  them,  and  their  know- 
ledge is  promoted  through  the  medium  of 
those  who  enjoy  the  use  of  their  visual  organs. 
Were  all  the  inhabitants  of  the  world  deprived 
of  their  eyesight,  neither  knowledge  nor 
happiness,  such  as  we  now  possess,  could 
possibly  be  enjoyed. 

There  is  nothing  which  so  strikingly  dis- 
plays the  beneficial  and  enlivening  effects  of 
light  as  the  dawn  of  a  mild  morning  after  a 
night  of  darkness  and  tempest.  All  appears 
gloom  and  desolation  in  our  terrestrial  abode 
till  a  faint  light  begins  to  whiten  the  eastern 
horizon.  Every  succeeding  mom?^*  _^gs 
along  with  it  something  new  anu  enlivening. 
The  crescent  of  light  towards  the  east  now 
expands  its  dimensions,  and  rises  upward  to- 
wards the  cope  of  heaven;  and  objects,  which 
a  little  before  were  immersed  in  the  deepest 
gloom,  begin  to  be  clearly  distinguished.  At 
length  the  sun  arises,  and  all  nature  is  ani- 
mated by  his  appearance ;  the  magnificent 
scene  of  creation,  which  a  little  before  was 
involved  in  obscurity,  opens  gradually  to  view, 
and  every  object  around  excites  sentiments 
of  wonder,  delight,  and  adoration.  The 
radiance  which  emanates  from  this  luminary 

*  Those  unfortunate  individuals  who  have  been 
confined  in  the  darkest  dungeons  have  declared, 
that  though,  on  their  first  entrance,  no  object 
could  be  perceived,  perhaps  for  a  day  or  two,  yet, 
in  the  course  of  rime,  as  the  pupils  of  their  eyes 
expanded,  they  could  readily  perceive  mice,  rats, 
and  other  animals  that  infested  thair  cells,  and 
likewise  the  walls  of  their  apartments;  which 
shows  that,  even  in  such  situations,  light  is  pre- 
sent, and  produces  a  certain  degree  of  influence. 
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displays  before  us  a  world  strewed  with  bless- 
ings, and  embellished  with  the  most  beautiful 
attire.  It  unveils  the  lofty  mountains  and 
the  forests  with  which  they  are  crowned ;  the 
fruitful  fields,  with  the  crops  that  cover  them; 
the  meadows,  with  the  rivers  which  water 
and  refresh  them ;  the  plains  adorned  with 
verdure ;  the  placid  lake,  and  the  expansive 
ocean.  It  removes  the  curtain  of  darkness 
fi:i:n  the  abodes  of  men,  and  shows  us  the 
cities,  towns,  and  villages,  the  lolly  domes, 
the  glittering  spires,  and  the  palaces  and 
temples  with  which  the  landscape  is  adorned. 
The  flowers  expand  their  buds  and  put  forth 
their  colours,  the  birds  awake  to  melody,  man 
goes  forth  to  his  labour,  the  sounds  of  human 
voices  are  heard,  and  all  appears  life  and 
activity,  as  if  a  new  world  had  emerged  from 
the  darkness  of  chaos. 

The  whole  of  this  splendid  scene,  which 
light  produces,  may  be  considered  as  a  new 
creation,  no  less  grand  and  beneficent  than 
the  first  creation,  when  the  command  was 
issued,  "  Let  there  be  light,  and  light  was." 
The  aurora  and  the  rising  sun  cause  the 
earth,  and  all  the  objects  which  adorn  its 
surface,  to  arise  out  of  that  profound  darkness 
and  apparent  desolation  which  deprived  us 
of  the  view  of  them  as  if  they  had  been  no 
more.  It  may  be  affirmed,  in  full  accordance 
with  truth,  that  the  efflux  of  light  in  the 
dawn  of  the  morning,  after  a  dark  and  cloudy 
night,  is  even  more  magnificent  and  exhilarat- 
ing than  at  the  first  moment  of  its  creation. 
At  that  period  there  were  no  spectators  on 
earth  to1  admire  its  glorious  effects;  and' no 
objects,  such  as  we  now  behold,  to  be  em- 
bellished with  its  radiance.  The  earth  was  a 
shapeless  chaos,  where  no  beauty  or  order 
could  be  perceived ;  the  mountains  had  not 
reared  their  heads ;  the  seas  were  not  collected 
into  their  channels ;  no  rivers  rolled  through 
the  valleys;  no  verdure  adorned  the  plains; 
the  atmosphere  was  not  raised  i.n  high  to  re- 
flect the  radiance,  and  no  animated  beings 
existed  to  diversify  and  enliven  the  scene. 
But  now,  when  the  dawning  of  the  morning 
scatters  the  darkness  of  the  night,  it  opens  to 
view  a  scene  of  beauty  and  magnificence, 
The  heavens  are  adorned  with  azure,  the 
clouds  are  tinged  with  the  most  lively  colours, 
the  mountains  and  plains  are  clothed  with 
verdure,  and  the  whole,  of  this  lower  creation 
stands  forth  arrayed  with  diversified  scenes 
of  beneficence  and  grandeur,  while  the  con- 
templaiive  eye  looks  round  and  wonders. 

Such,  then,  are  the  important  and  benefi- 
cent effects  of  that  light  which  every  moment 
diffuses  its  blessings  around  us.  It  may  justly 
be  considered  as  one  of  the  most  essential 
substances  connected  with  the  system  of  the 
material  universe,  and  which  gives  efficiency 
(730) 


to  all  the  other  principles  and  arrangements 
of  nature.  Hence  we  are  informed,  in  the 
sacred  history,  that  light  was  the  first  pro- 
duction of  the  Almighty  Creator,  and  the  first 
born  of  created  beings;  for  without  it  t!he 
universe  would  have  presented  nothing  but 
an  immense  blank  to  all  sentient  existences. 
Hence,  likewise,  the  Divine  Being  is  meta- 
phorically re  presented  under  the  idea  of  light, 
as  being  the  source  of  knowledge  and  felicity 
to  all  subordinate  intelligences :  "  God  is  light, 
and  in  Him  is  no  darkness  at  all ;"  arid  he  is 
exhibited  as  "  dwelling  in  light  unapproach- 
able and  full  of  glory,  whom  no  man  hath 
seen  or  can  see."'  In  allusion  to  these  cir- 
cumstances, Milton,  in  his  Paradise  Lost,  in- 
troduces the  following  beautiful  apostrophe  : 

"Hail  holy  light!  offspring  of  heaven  first  born, 

Or  of  the  eternal,  coeternal  beam  ! 

May  I  express  thee  unblamed?  since  God  is  light 

And  never  but  in  unapproached  light 

Dwelt  from  eternity  ;  dwelt  then  in  thee, 

Bright  effluence  of  bright  essence  increate. 

Before  the  sun, 

Before  the  heavens  thou  wert,  and  at  the  voice 
Of  God,  as  with  a  mantle,  didst  invest 
The  rising  world  of  waters  dark  and  deep, 
Won  from  the  void  and  formless  infinite." 

As  light  is  an  element  of  so  much  import- 
ance and  utility  in  the  system  of  nature,  so 
we  find  that  arrangements  have  been  made 
for  its  universal  diffusion  throughout  all  the 
worlds  in  the  universe.  The  sun  is  one  of 
the  principal  sources  of  light  to  this  earth  on 
which  we  dwell,  and  to  all  the  other  planetary 
bodies;  and,  in  order  that  it  may  be  equally 
distributed  over  every  portion  of  the  surfaces 
of  these  globes,  to  suit  the  exigencies  of  their 
inhabitants,  they  are  endowed  with  a  motion 
of  rotation,  by  which  every  part  of  their  sur- 
faces is  alternately  turned  towards  the  source 
of  light ;  and  when  one  hemisphere  is  deprived 
of  the  direct  influence  of  the  solar  rays,  its 
inhabitants  derive  a  portion  of  light  from 
luminaries  in  more  distant  regions,  and  have 
their  views  directed  to  other  suns  and  systems, 
dispersed,  in  countless  numbers,  throughout 
the  remote  spaces  of  the  universe.  Around 
several  of  the  planets,  satellites  or  moons 
have  been  arranged  for  the  purpose  of  throw- 
ing light  on  their  surfaces  in  the  absence  of 
the  sun,  while,  at  the  same  time,  the  primary 
planets  themselves  reflect  an  effulgence  of 
light  upon  their  satellites.  All  the  stars 
which  our  unassisted  vision  can  discern  in 
the  midnight  sky,  and  the  millions  more  which 
the  telescope  alone  enables  us  to  descry,  must 
be  considered  as  so  many  fountains  of  light, 
not  merely  to  illuminate  the  voids  of  immen- 
sity, but  to  irradiate  with  their  beams  sur- 
rounding worlds  with  which  they  are  more 
immediately  connected,  and  to  diffuse  a  gene- 
ral lustre  throughout  the  amplitudes  of  infi- 
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nite  space ;  and,  therefore,  we  have  every 
reason  to  believe  that,  could  we  fly,  for  thou- 
sands of  years,  with  the  swiftness  of  a  seraph, 
through  the  spaces  of  immensity,  we  should 
never  approach  a  region  of  absolute  darkness, 
but  should  find  ourselves  every  moment  en- 
compassed with  the  emanations  of  light,  and 
cheered  with  its  benign  influences.  That 
Almighty  Being  who  inhabiteth  immensity 
and  "  dwells  in  light  inaccessible,"  evidently 
appears  to  have  diffused  light  over  the  re- 
motest spaces  of  his  creation,  and  to  have 
thrown  a  radiance  upon  all  the  provinces  of 
his  wide  and  eternal  empire,  so  that  every 
intellectual  being,  wherever  existing,  may 
feel  its  beneficent  effects,  and  be  enabled, 


through  its  agency,  to  trace  his  wonderful 
operations,  and  the  glorious  attributes  with 
which  he  is  invested. 

As  the  science  of  astronomy  depends  solely 
on  the  influence  of  light  upon  the  organ  of 
vision,  which  is  the  most  noble  and  extensive 
of  all  our  senses  ;  and  as  the  construction  of 
telescopes  and  other  astronomical  instruments 
is  founded  upon  our  knowledge  of  the  nature 
of  light  and  the  laws  by  which  it  operates,  it 
is  essentially  requisite,  before  proceeding  to  a 
description  of  such  instruments,  to  take  a  cur- 
sory view  of  its  nature  and  properties,  in  so  far 
as  they  have  been  ascertained,  and  the  effects 
it  produces  when  obstructed  by  certain  bodies, 
or  when  passing  through  different  mediums. 


CHAPTER  I. 

General  Properties  of  Light. 


IT  is  not  my  intention  to  discuss  the  subject 
of  light  in  minute  detail,  a  subject  which  is 
of  considerable  extent,  and  which  would  re- 
quire a  separate  treatise  to  illustrate  it  in  all 
its  aspects  and  bearings.  All  that  I  propose 
is  to  offer  a  few  illustrations  of  its  general  pro- 
perties, and  the  laws  by  which  it  is  refracted 
and  reflected,  so  as  to  prepare  the  way  for  ex- 
plaining the  nature  and  construction  of  tele- 
scopes and  other  optical  instruments. 

There  is  no  branch  of  natural  science  more 
deserving  of  our  study  and  investigation  than 
that  which  relates  to  light,  whether  we  con- 
sider its  beautiful  and  extensive  effects,  the 
magnificence  and  grandeur  of  the  objects  it 
unfolds  to  view,  the  numerous  and  diversified 
phenomena  it  exhibits,  the  optical  instruments 
which  a  knowledge  of  its  properties  has  ena- 
bled us  to  construct,  or  the  daily  advantages 
we  derive,  as  social  beings,  from  its  universal 
diffusion.  If  air,  which  serves  as  the  medium 
of  sound  and  the  vehicle  of  speech,  enables  us 
to  carry  on  an  interchange  of  thought  and 
affection  with  our  fellow  men,  how  much  more 
extensively  is  that  intercourse  increased  by 
light,  which  presents  the  images  of  our  friends 
and  other  objects  as  it  were  immediately  be- 
fore us,  in  all  their  interesting  forms  and  as- 
pects— the  speaking  eye,  the  rosy  cheeks,  the 
benevolent  smile,  and  the  intellectual  forehead. 
The  eye,  more  susceptible  of  multifarious  im- 
pressions than  the  other  senses,  "  takes  in  at 
once  the  landscape  of  the  world,"  and  ena- 
bles us  to  distinguish,  in  a  moment,  the  shapes 
and  forms  of  all  its  objects,  their  relative  posi- 
tions, the  colours  that  adorn  them,  their  diver- 
sified aspect,  and  the  motions  by  which  they 
are  transported  from  one  portion  of  space  to 
Uiother.  Light,  through  the  medium  of  the 


eye,  not  only  unfolds  to  us  the  persons  of 
others,  in  all  their  minute  modifications  and 
peculiarities,  but  exhibits  us  to  ourselves.  It 
presents  to  our  own  vision  a  faithful  portrait 
of  peculiar  features  behind  reflecting  sub- 
stances, without  which  property  we  should 
remain  entirely  ignorant  of  those  traits  of 
countenance  which  characterize  us  in  the  eyes 
of  others. 

But  what  is  the  nature  of  this  substance 
we  call  light,  which  thus  unfolds  to  us  the 
scenes  of  creation  1  On  this  subject  two  lead- 
ing opinions  have  prevailed  in  the  philosophi- 
cal world.  One  of  those  opinions  is,  that  the 
whole  sphere  of  the  universe  is  filled  with  a 
subtile  matter,  which  receives  from  luminous 
bodies  an  agitation  which  is  incessantly  con- 
tinued, and  which,  by  its  vibratory  motions, 
enables  us  to  perceive  luminous  bodies.  Ac- 
cording to  this  opinion,  light  may  be  consi- 
dered as  analogous  to  sound,  which  is  con- 
veyed to  the  ear  by  the  vibratory  motions  of 
the  air.  This  was  the  hypothesis  of  Descartes, 
which  was  adopted,  with  some  modifications, 
by  the  celebrated  Euler,  Huygens,  Franklin, 
and  other  philosophers,  and  has  been  admitted 
by  several  scientific  gentlemen  of  the  present 
day.  The  other  opinion  is,  that  light  consists 
of  the  emission  or  emanation  of  the  particles 
of  luminous  bodies,  thrown  out  incessantly 
on  all  sides,  in  consequence  of  the  continued 
agitation  it  experiences.  This  is  the  hypo- 
thesis of  the  illustrious  Newton,  and  has  been 
most  generally  adopted  by  British  philosophers. 

To  the  first  hypothesis  it  is  objected  that, 
if  true,  "  light  would  not  only  spread  itself  in 
a  direct  line,  but  its  motion  would  be  trans- 
mitted in  every  direction  like  that  of  sound, 
and  would  convey  the  impression  of  luminous 
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bodies  in  the  regions  of  space  beyond  the  ob- 
stacles that  intervene  to  stop  its  progress." 
No  wall  or  other  opaque  body  could  obstruct 
its  course,  if  it  undulated  in  every  direction 
like  sound  ;  and  it  would  be  a  necessary  con- 
sequence, that  we  should  have  no  night,  nor 
any  such  phenomena  as  eclipses  of  the  sun  or 
moon,  or  of  the  satellites  of  Jupiter  and  Sa- 
turn. This  objection  has  never  been  very 
satisfactorily  answered.  On  the  other  hand, 
Euler  brings  forward  the  following  objections 
against  the  Newtonian  doctrine  of  emanation. 
1.  That,  were  the  sun  emitting  continually, 
and  in  all  directions,  such  floods  of  luminous 
matter,  with  a  velocity  so  prodigious,  he  must 
speedily  be  exhausted,  or  at  least  some  altera- 
tion must,  after  the  lapse  of  so  many  ages, 
be  perceptible.  2.  That  the  sun  is  not  the 
only  body  that  emits  rays,  but  that  all  the 
stars  have  the  same  quality ;  and  as  every 
where  the  rays  of  the  sun  must  be  crossing 
the  rays  of  the  stars,  their  collision  must  be 
violent  in  the  extreme,  and  that  their  direction 
must  be  changed  by  such  a  collision.* 

To  the  first  of  these  objections  it  is  an- 
swered, that  so  vast  is  the  tenuity  of  light, 
that  it  utterly  exceeds  the  power  of  con- 
ception ;  the  most  delicate  instrument  having 
never  been  certainly  put  in  motion  by  the  im- 
pulse of  the  accumulated  sunbeams.  It  has 
been  calculated  that  in  the  space  of  385,130,- 
000  Egyptian  years  (of  360  days,)  the  sun 
would  lose  only  the  T)2TL  5J5th  of  his  bulk 
from  he  continual  efflux  of  his  light.  And, 
therefore,  if  in  385  millions  of  years  the  sun's 
diminution  would  be  so  extremely  small,  it 
would  be  altogether  insensible  during  the  com- 
paratively short  period  of  five  or  six  thousand 
years.  To  the  second  objection  it  is  replied, 
that  the  particles  of  light  are  so  extremely  rare 
that  their  distance  from  one  to  another  is  in- 
comparably greater  than  their  diameters;  that 
all  objections  of  this  kind  vanish  when  we 
attend  to  the  continuation  of  the  impression 
upon  the  retina,  and  to  the  small  number  of 
luminous  particles  which  are  on  that  account 
necessary  for  producing  constant  vision.  For 
it  appears,  from  the  accurate  experiments  of 
M.  D'Arcy,  that  the  impression  of  light  upon 
the  retina  continues  eight  thirds,  and  as  a 
particle  of  light  would  move  through  26,000 
miles  in  that  time,  constant  vision  would  be 
maintained  by  a  succession  of  luminous  par- 
ticles twenty-six  thousand  miles  distant  from 
each  other. 

Without  attempting  to  decide  on  the  merits 
of  these  two  hypotheses,  I   shall   leave  the 
reader  to  adopt  that  opinion  which  he  may 
judge  to  be  attended  with  the  fewest  difficul- 
ties, and  proceed  to  illustrate    some  of  the 
vroperties  of  light ;  and  in  the  discussion  of 
•  Letters  to  a  German  Princess,  vol.  i.  p.  68,  &c. 
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this  subject  I  shall  generally  adhere  to  the 
terms  employed  by  those  who  have  adopted 
the  hypothesis  of  the  emanation  of  light 

1.  Light  emanates  or  radiates  from  lumi- 
nous bodies  in  a  straight  line.  This  property 
is  proved  by  the   impossibility  of  seeing  light 
through  bent  tubes,  or  small  holes  pierced  in 
metallic  plates  placed  one  behind  another,  ex- 
cept the  holes  be  placed  in  a  straight  line.    If 
we  endeavour  to  look  at  the  sun  or  a  candle 
through  the  bore  of  a  bended  pipe,  we  cannot 
perceive  the  object,  nor  any  light  proceeding 
from  it,  but  through  a  straight  pipe  the  object 
may  be  perceived.     This  is  likewise  evident 
from  the  form  of  the  rays  of  light  that  pene- 
trate a  dark  room,  which  proceed  straight  for- 
ward  in  lines  proceeding  from  the  luminous 
body;    and  from  the  form  of  the  shadows 
which  bodies  project  that  are  bounded  by  right 
lines  passing   from   the  luminous  body,  and 
meeting  the  lines  which  terminate  the  inter- 
posing body.     This  property  may  be  demon- 
strated to  the  eye  by  causing  light  to  pass 
through  small    holes  into  a  dark  room  tilled 
with  smoke  or  dust.     It  is  to  be  understood, 
however,  that  in  this  case  the  rays  of  light  are 
considered  as  passing  through  the  same  me- 
dium; for  when  they  pass  from  air  into  water, 
glass,  or  other  media,  they  are  bent  at  the 
point  where  they  enter  a  different  medium, 
as  we  shall  afterward  have  occasion  to  explain. 

2.  Light   moves  with   amazing  velocity. 
The  ancients  believed  that  it  was  propagated 
from  the   sun   and  other  luminous  bodies  in- 
stantaneously ,•  but  the  observations  of  mo- 
dern astronomers  have  demonstiated  that  this 
is  an   erroneous   hypothesis,  and  that  light, 
like  other  projectiles,  occupies  a  certain  time 
in  passing  from  one  part  of  space  to  another. 
Its  velocity,  however,  is  prodigious,  and  ex- 
ceeds that  of  any  other  body  with  which  we 
are  acquainted.     It   flies   across  the  earth's 
orbit,  a  space  190  millions  of  miles  in  extent, 
in  the  course  of  sixteen  and  a  half  minutes, 
which  is  at  the  rate  of  192,000  miles  every 
second,  and  more  than  a  million   of  times 
swifter   than  a  cannon  ball  flying  with  its 
greatest  velocity.     It  appears  from  the  disco- 
veries of  Dr.  Bradley,  respecting  the  aberra- 
tion of  the  stars,  that  light  flies  from  those 
bodies  with  a  velocity  similar,  if  not  exactly 
the   same ;  so  that  the  light  of  the   sun,  the 
planets,  the  stars,  and  every  luminous  body 
in  the  universe  is  propagated  with  uniform 
velocity.*     But,  if  the  velocity  of  light  be  so 
very  great,  it  may  be  asked,  how  does  it  not 
strike  against  all  objects  with  a  force  equal  to 

*  The  manner  in  which  the  motion  of  light  was 
discovered  is  explained  in  the  author's  work,  en- 
titled, "  Celestial  Scenery  ;  and  the  circumstances 
which  led  to  the  discovery  of  the  aberration  of 
linht  are  stated  and  illustrated  iu  his  volume  on 
the  "  Sidereal  Heavens." 
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its  velocity  1  If  the  finest  sand  were  thrown 
against  our  bodies  with  the  hundredth  part  of 
this  velocity,  each  grain  would  pierce  us  as 
certainly  as  the  sharpest  and  swiftest  arrows 
from  a.  bow.  It  is  a  principle  in  mechanics 
that  the  force  with  which  all  bodies  strike  is 
in  proportion  to  the  size  of  these  bodies,  or 
the  quantity  of  matter  they  contain,  multi- 
plied by  the  velocity  with  which  they  move. 
Therefore,  if  the  particles  of  light  were  not 
almost  infinitely  small,  they  would,  of  neces- 
sity, prove  destructive  in  the  highest  degree. 
If  a  particle  of  light  were  equal  in  size  to  the 
twelve  hundred  thousandth  part  of  a  small 
grain  of  sand — supposing  light  to  be  mate- 
rial— we  should  be  no  more  able  to  withstand 
its  force  than  we  should  that  of  sand  shot 
point  blank  from  the  mouth  of  a  cannon. 
Every  object  would  be  battered  and  perforated 
by  such  celestial  artillery,  till  our  world  were 
laid  in  ruins,  and  every  living  being  destroy- 
ed. And  herein  are  the  wisdom  and  benevo- 
lence of  the  Creator  displayed  in  making  the 
particles  of  light  so  extremely  small  as  to  ren- 
der them  in  some  degree  proportionate  to  the 
greatness  of  the  force  with  which  they  are 
impelled  ;  otherwise,  all  nature  would  have 
been  thrown  into  ruin  and  confusion,  and  the 
great  globes  of  the  universe  shattered  to 
atoms. 

We  have  many  proofs,  besides  the  above, 
that  the  particles  of  light  are  next  to  infinitely 
small.  We  find  that  they  penetrate  with 
facility  the  hardest  substances,  such  as  crystal, 
glass,  various  kinds  of  precious  stones,  and 
even  the  diamond  itself,  though  among  the 
hardest  of  stones ;  for  such  bodies  could  not 
be  transparent,  unless  light  found  an  easy 
passage  through  their  pores.  When  a  candle 
is  lighted  in  an  elevated  situation,  in  the 
space  of  a  second  or  two  it  will  fill  a  cubical 
space  (if  there  be  np  interruption)  of  two 
miles  around  it,  in  every  direction,  with  lumi- 
nous particles,  before  the  least  sensible  part 
of  its  substance  is  lost  by  the  candle :  that  is, 
it  will  in  a  short  instant  fill  a  sphere  four 
miles  in  diameter,  twelve  and  a  half  miles  in 
circumference,  and  containing  thirty-three 
and  a  half  cubical  miles,  with  particles  of 
light ;  for  an  eye  placed  in  any  part  of  this 
cubical  space  would  perceive  the  light  emitted 
by  the  candle.  It  has  been  calculated  that 
the  number  of  particles  of  light  contained  in 
such  a  space  cannot  be  less  than  four  hun- 
dred septillions — a  number  which  is  six  bil- 
lions of  times  greater  than  the  number  of 
grains  of  sand  which  could  be  contained  in 
the  whole  earth  considered  as  a  solid  globe, 
and  supposing  each  cubic  inch  of  it  to  con- 
tain ten  hundred  thousand  grains.  Such  is 
the  inconceivable  tenuity  of  that  substance 
which  emanates  from  all  luminous  bodies, 


and  which  gives  beauty  and  splendour  to  the 
universe  !  This  may  also  be  evinced  by  the 
following  experiment :  Make  a  small  pin-hole 
in  a  piece  of  black  paper,  and  hold  the  paper 
upright  facing  a  row  of  candles  placed  near 
each  other,  and  at  a  little  distance  behind  the 
black  paper  place  a  piece  of  white  paste- 
board. On  this  pasteboard  the  rays  which 
flow  from  all  the  candles  through  the  small 
hole  in  the  black  paper,  will  form  as  many 
specks  of  light  as  there  are  candles,  each  speck 
being  as  clear  and  distinct  as  if  there  were 
only  one  speck  from  a  single  candle.  This 
experiment  shows  that  the  streams  of  light 
from  the  different  candles  pass  through  the 
small  hole  without  confusion,  and,  conse- 
quently, that  the  particles  of  light  are  ex- 
ceedingly small.  For  the  same  reason  we 
can  easily  see  through  a  small  hole  not  more 
than  jo ffth  of  an  inch  in  diameter,  the  sky/ 
the  trees,  houses,  and  nearly  all  the  objects 
in  an  extensive  landscape,  occupying  nearly 
an  entire  hemisphere,  the  light  of  all  which 
may  pass  through  thi^  small  aperture. 

3.  Light  is  sent  forth  in  all  directions 
from  every  visible  point  of  luminous  bodies. 
If  we  hold  a  sheet  of  paper  before  a  candle, 
or  the  sun,  or  any  other  source  of  light,  we 
shall  find  that  the  paper  is  illuminated  in 
whatever  position  we  hold  it,  provided  the 
light  is  not  obstructed  by  its  edge  or  by  any 
other  body.  Hence,  wherever  a  spectator  is 
placed  with  regard  to  a  luminous  body,  every 
point  of  that  part  of  its  surface  which  is  to- 
ward him  will  be  visible,  when  no  intervening 
object  intercepts  the  passage  of  the  light. 
Hence,  likewise,  it  follows  that  the  sun  illu- 
minates not  only  an  immense  plane  extend- 
ing along  the  paths  of  the  planets,  from  the 
one  side  of  the  orbit  of  Uranus  to  the  other, 
but  the  whole  of  that  sphere,  or  solid  space, 
of  which  the  distance  of  Uranus  is  the  radius. 
The  diameter  of  this  sphere  is  three  thousand 
six  hundred  millions  of  miles,  and  it  conse- 
quently contains  about  24,000,000,000,000,- 
000,000,000,000,000,  or  twenty-four  thousand 
quartillions  of  cubical  miles,  every  point  of 
which  immense  space  is  filled  with  the  solar 
beams.  Not  only  so,  but  the  whole  cubical 
space  which  intervenes  between  the  sun  and 
the  nearest  fixed  stars  is  more  or  less  illumi- 
nated by  his  rays.  For,  at  the  distance  of 
Sirius,  or  any  other  of  the  nearest  stars,  the 
sun  would  be  visible,  though  only  as  a  small, 
twinkling  orb;  and,  consequently,  his  rays 
must  be  diffused,  however  faint,  throughout 
the  most  distant  spaces  whence  he  is  visible. 
The  diameter  of  this  immense  sphere  of  light 
cannot  be  less  than  forty  billions  of  miles, 
and  its  solid  contents  33,500,000,000,000,000,- 
000,000,000,000,000,000,000,000,  or  thirty- 
three  thousand  five  hundred  sextillions  of 
3  Q  (733) 
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cubical  miles.  All  this  immense  and  incom- 
prehensible space  is  filled  with  the  radiations 
of  the  solar  orb ;  for  were  an  eye  placed  in 
s»ny  one  point  of  it,  where  no  extraneous  body 
interposed,  the  sun  would  be  visible  either  as 
a  large  luminous  orb,  or  as  a  small  twinkling 
star.  But  he  can  be  visible  only  by  the  rays 
he  emits,  and  which  enter  the  organs  of 
vision.  How  inconceivably  immense,  then, 
must  be  the  quantity  of  rays  which  are 
thrown  off  in  all  directions  from  that  luminary 
which  is  the  source  of  our  day  !  Every  star 
must  likewise  be  considered  as  emitting  innu- 
merable streams  of  radiance  over  a  space 
equally  extensive ;  so  that  no  point  in  the 
universe  can  be  conceived  where  absolute 
darkness  prevails,  unless  in  the  interior  re- 
gions of  planetary  bodies. 

4.  The  eff&ct  of  light  upon  the  eye  is  not 
instantaneous,  but  continues  for  a  short 
space  of  time.  This  may  be  proved  and 
illustrated  by  the  following  examples:  if  a 
stick,  or  a  ball  connected  with  a  string,  be 
whirled  round  in  a  circle,  and  a  certain  de- 
gree of  velocity  given  it,  the  object  will  ap- 
pear to  fill  the  whole  circle  it  describes.  If  a 
lighted  firebrand  be  whirled  round  in  the  same 
rapid  manner,  a  complete  circle  of  light  will 
be  exhibited.  This  experiment  obviously 
shows  that  the  impression  made  on  the  eye 
by  the  light  from  the  ball  or  the  firebrand, 
when  in  any  given  point  of  the  circle,  is  suffi- 
ciently lasting  to  remain  till  it  has  described 
the  whole  circle,  and  again  renews  its  effect 
as  often  as  the  circular  motion  is  continued. 
The  same  is  proved  by  the  following  consi- 
derations: we  are  continually  shutting  our 
eyes,  or  winking  ,•  and,  during  the  time  our 
eyes  are  shut  on  such  occasions,  we  should 
lose  the  view  of  surrounding  objects  if  the 
impression  of  light  did  not  continue  a  certain 
time  while  the  eyelid  covers  the  pupil;  but 
experience  proves  that  during  such  vibrations 
of  the  eyelids  the  light  from  surrounding  ob- 
jects is  not  sensibly  intercepted.  If  we  look 
for  some  time  steadily  at  the  light  of  a  candle, 
and  particularly  if  we  look  directly  at  the 
sun,  without  any  interposing  medium,  or  if 
we  look  for  any  considerable  time  at  this  lu- 
minary through  a  telescope  with  a  coloured 
glass  interposed — in  all  these  cases,  if  we 
shut  our  eyes  immediately  after  viewing  such 
objects,  we  shall  still  perceive  a  faint  image 
of  the  object  'by  the  impression  which  its 
fight  has  made  upon  our  eyes. 

"  With  respect  to  the  duration  of  the  im- 
pression of  light,  it  has  been  observed  that 
the  teeth  of  a  cog-wheel  in  a  clock  were  still 
visible  in  succession,  when  the  velocity  of  ro- 
tation brought  246  teeth  through  a  given  fixed 
point  in  a  second.  In  this  case  it  is  clear  that 
if  the  impression  made  on  the  eye  by  the  light 
(73* 


reflected  from  any  tooth  had  lasted  without 
sensible  diminution  for  the  246th  part  of  a 
second,  the  teeth  would  have  formed  one  un- 
broken line,  because  a  new  tooth  would  have 
continually  arrived  in  the  place  of  the  interior 
one  before  its  image  could  have  disappeared. 
If  a  live  coal  be  whirled  round,  it  is  observed 
that  the  luminous  circle  is  complete  when 
the  rotation  is  performed  in  the  {•  Ath  part  of 
a  second.  In  this  instance  we  see  that  the 
impression  was  much  more  durable  than  the 
former.  Lastly,  if  an  observer  sitting  in  a 
room,  direct  his  sight,  through  a  window ,  to  any 
particular  object  out  of  doors,  for  about  half  a 
minute,  and  then  shut  his  eyes  and  cover  them 
with  his  hands,  he  will  still  continue  to  see 
the  window,  together  with  the  outline  of  the 
terrestrial  objects  bordering  on  the  sky.  This 
appearance  will  remain  for  near  a  minute, 
though  occasionally  vanishing  and  changing 
colour  in  a  manner  that  brevity  forbids  our 
minutely  describing.  From  these  facts  we 
are  authorized  to  conclude  that  all  impressions 
of  light  on  the  eye  last  a  considerable  time; 
that  the  brightest  "objects  make  the  most  last- 
ing impressions ;  and  that,  if  the  object  be 
very  blight,  or  the  eye  weak,  the  impression 
may  remain  for  a  time  so  strong  as  to  mix 
with  and  confuse  the  subsequent  impressions 
made  by  other  objects.  In  the  last  case  the 
eye  is  said  to  be  dazzled  by  the  light."* 

The  following  experiment  has  likewise  been 
suggested  as  a  proof  the  impression  which 
light  makes  upon  the  eye :  If  a  card,  on  both 
sides  of  which  a  figure  is  drawn,  for  example, 
a  bird  and  a  cage,  be  made  to  revolve  rapidly 
on  the  straight  line  which  divides  it  symmetri- 
cally, the  eye  will  perceive  both  figures  at  the 
same  time,  provided  they  return  successively  at 
the  same  place.  M.  D'Arcy  found  by  various 
experiments  that,  in  general,  the  impression 
which  light  produces  on  the  eye  lasts  about 
the  eighth  of  a  second.  M.  Plateau,  of  Brus- 
sels, found  that  the  impression  of  different 
colours  lasted  the  following  periods,  the  num- 
bers here  stated  being  the  decimal  parts  of  a 
second :  flame,  0.242,  or  nearly  one-fourth 
of  a  second  ;  burning  coal,  0.229 ;  white, 
0.182,  or  a  little  more  than  one-sixth  of  a 
second ;  blue,  0.1 86 ;  yellow,  0.173 ;  red,  0.184. 

5.  Light,  though  extremely  minute,  is  sup- 
posed to  have  a  certain  degree  of  force,  or 
momentum.  In  order  to  prove  this,  the  late 
ingenius  Mr.  Mitchell  contrived  the  following 
experiment :  He  constructed  a  small  vane  in 
the  form  of  a  common  weathercock,  of  a  very 
thin  plate  of  copper,  about  an  inch  square, 
and  attached  to  one  of  the  finest  harpsicord 
wires  about  ten  inches  long,  and  nicely  ba- 
lanced at  the  other  end  of  the  wire  by  a  grain 
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phy, vol.  i. 


GENERAL  PROPERTIES  OF  LIGHT. 


17 


of  very  small  shot.  The  instrument  had  also 
fixed  to  it  in  the  middle,  at  right  angles  to  the 
length  of  the  wire,  and  in  a  horizontal  direc- 
tion, a  small  bit  of  a  very  slender  sewing  needle, 
about  half  an  inch  long,  which  was  made  mag- 
netical.  In  this  state  the  whole  instrument 
might  weigh  about  ten  grains.  The  vane 
was  supported  in  the  manner  of  the  needle  in 
the  mariner's  compass,  so  that  it  could  turn 
with  the  greatest  ease ;  and  to  prevent  its 
being  affected  by  the  vibrations  of  the  air,  it 
was  inclosed  in  a  glass  case  or  box.  The  rays 
of  the  sun  were  then  thrown  upon  the  broad 
part  of  the  vane,  or  copper  plate,  from  a  con- 
cave mirror  of  about  two  feet  diameter,  which, 
passing  through  the  front  glass  of  the  box, 
were  collected  into  the  focus  of  the  mirror 
upon  the  copper  plate.  In  consequence  of 
this,  the  plate  began  to  move  with  a  slow  mo- 
tion of  about  an  inch  in  a  second  of  time,  till 
it  had  moved  through  a  space  of  about  two- 
inches  and  a  half,  when  it  struck  against  the 
back  of  the  box.  The  mirror  being  removed, 
the  instrument  returned  to  its  former  situation, 
and  the  rays  of  the  sun  being  again  thrown 
upon  it,  it  again  began  to  move,  and  struck 
against  the  back  of  the  box  as  before.  This 
was  repeated  three  or  four  times  with  the 
same  success. 

On  the  above  experiment  the  following  cal- 
culation has  been  founded :  if  we  impute  the 
motion  produced  in  tliis  experiment  to  the 
impulse  of  the  rays  of  light,  and  suppose  that 
the  instrument  weighed  ten  grains,  and  ac- 
quired a  velocity  of  one  inch  in  a  second,  we 
shall  find  that  the  quantity  of  matter  con- 
tained in  the  rays  falling  upon  the  instrument 
in  that  time  amounted  to  no  more  than  one 
twelve  hundredth-millionth  part  of  a  grain, 
the  velocity  of  light  exceeding  the  velocity  of 
one  inch  in  a  second  in  the  proportion  of  about 
12,000,000,000  to  1.  The  light  in  this  expe- 
riment was  collected  from  a  surface  of  about 
three  square  feet,  which  reflecting  only  about 
half  what  falls  upon  it,  the  quantity  of  matter 
contained  in  the  rays  of  the  sun  incident  upon 
a  foot  and  a  half  of  surface  in  one  second  of 
time,  ought  to  be  no  more  than  the  twelve 
hundredth-millionth  part  of  a  grain.  But  the 
density  of  the  rays  of  light  at  the  surface  of 
the  sun  is  greater  than  that  at  the  earth  in 
the  proportion  of  45,000  to  1 ;  there  ought, 
therefore,  to  issue  from  one  square  foot  of  the 
sun's  surface  in  one  second  of  time,  in  order 
to  supply  the  waste  by  light,  ^{^th  part 
of  a  grain  of  matter,  that  is,  a  little  more  than 
two  grains  a  day,  or  about  4,752,000  grains, 
or  670  pounds  avoirdupois,  nearly,  in  6,000 
years ;  a  quantity  which  would  have  shortened 
the  sun's  diameter  no  more  than  about  ten 
feet,  if  it  were  formed  of  the  density  of  water 
only. 


If  the  above  experiment  be  considered  as 
having  been  accurately  performed,  and  if  the 
calculations  founded  upon  it  be  correct,  it 
appears  that  there  can  be  no  grounds  for 
apprehension  that  the  sun  can  ever  be  sensibly 
diminished  by  the  immense,  and  incessant  radia- 
tions proceeding  from  his  body  on  the  suppo- 
sition that  light  is  a  material  emanation.  For 
the  diameter  of  the  sun  is  no  less  than  880,- 
000  miles ;  and,  before  this  diameter  could  be 
shortened,  by  the  emission  of  light,  one  Eng- 
lish mile,  it  would  require  three  millions  one 
hundred  and  sixty-eight  thousand  years,  at 
the  rate  now  stated ;  and,  before  it  could  be 
shortened  ten  miles,  it  would  require  a  period 
of  above  thirty-one  millions  of  years.  And 
although  the  sun  were  thus  actually  dimi- 
nished, it  would  produce  no  sensible  effect  or 
derangement  throughout  the  planetary  system. 
We  have  no  reason"  to  believe  that  the  sys- 
tem, in  its  present  state  and  arrangements, 
was  intended  to  endure  for  ever ;  and  before 
that  luminary  could  be  so  far  reduced,  during 
the  revolutions  of  eternity,  as  to  produce  any 
irregularities  in  the  system,  new  arrangements 
and  modifications  might  be  introduced  by  the 
hand  of  the  All  Wise  anfcl  Omnipotent  Crea- 
tor. Besides,  it  is  not  improbable  that  a  sys- 
tem of  means  is  established  by  which  the  sun 
and  all  the  luminaries  in  the  universe  receive 
back  again  a  portion  of  the  light  which  they 
are  continually  emitting,  either  from  the 
planets  from  whose  surfaces  it  is  reflected,  or 
from  the  millions  of  stars  whose  rays  are  con- 
tinually traversing  the  immense  spaces  of 
creation,  or  from  some  other  sources  to  us 
unknown. 

6.  The  intensity  of  light  is  diminished  in 
proportion  to  the  square  of  the  distance  from 
the  luminous  body.  Thus,  a  person  at  two 
feet  distance  from  a  candle,  has  only  the 
fourth  part  of  the  light  he  would  have  at  one 
foot ;  at  three  feet  distance,  the  ninth  part ;  at 
four  feet,  the  sixteenth  part ;  at  five  feet,  the 
twenty-fifth  part ;  and  so  on  for  other  dis- 
tances. Hence  the  light  received  by  the 
planets  of  the  solar  system  decreases  in  pro- 
portion to  the  squares  of  the  distances  of  these 
bodies  from  the  sun.  This  may  be  illustrated 
be  the  following  figure  : 

Fig.  1. 


Suppose  the  light  which  flows  from  a  point,  A, 
and  passes  through  a  square  hole,  B,  is  re« 
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ceived  upon  a  plane,  C,  parallel  to  the  plane  of 
the  hole — or  let  the  figure  C  be  considered  as 
the  shadow  of  the  plane  B.  When  the  distance 
of  C  is  double  of  B,  the  length  and  breadth  of 
the  shadow,  C,  will  be  each  double  of  the  length 
and  breadth  of  the  plane  B,  and  treble  when 
A  D  is  treble  of  A  B,  and  so  on,  which  may 
be  easily  examined  by  the  light  of  a  candle 
placed  at  A.  Therefore  the  surface  of  the 
shadow  C,  at  the  distance  A  C — double  of  A 
B,  is  divisible  into  four  squares,  and,  at  a  treble 
distance,  into  nine  squares,  severally  equal  to 
the  square  B,  as  represented  in  the  figure. 
The  light,  then,  which  falls  upon  the  plane  B 
being  suffered  to  pass  to  double  that  distance, 
will  be  uniformly  spread  over  four  times  the 
space,  and,  consequently,  will  be  four  times 
thinner  in  every  part  of  that  space.  And,  at 
a  treble  distance,  it  will  be  nine  times  thinner, 
and,  at  a  quadruple  distance,  sixteen  times 
thinner  than  it  was  at  first.  Consequently, 
the  quantities  of  this  rarefied  light  received 
upon  a  surface  of  any  given  size  and  shape, 
when  removed  successively  to  their  several 
distances,  will  be  but  one-fourth,  one-ninth, 
one-sixteenth  of  the  whole  quantity  received 
by  it  at  the  first  distance,  A  B. 

In  conformity  with  this  law,  the  relative 
quantities  of  light  on  the  surfaces  of  the  pla- 
nets may  be  easily  determined  when  their 
distances  from  the  sun  are  known.  Thus, 
the  distance  of  Uranus  from  the  sun  is  1,800,- 
000,000  miles,  which  is  about  nineteen  times 
greater  than  the  distance  of  the  earth  from 
the  same  luminary.  The  square  of  19  is 
361 ;  consequently,  the  earth  enjoys  361 
times  the  intensity  of  light,  when  compared 
with  that  of  Uranus;  in  other  words,  this 
distant  planet  enjoys  only  the  y£T  part  of  the 
quantity  of  light  which  falls  upon  the  earth. 
This  quantity,  however,  is  equivalent  to  the 
light  we  should  enjoy  from  the  combined 
effulgence  of  348  full  moons ;  and  if  the  pu- 
pils of  the  eyes  of  the  inhabitants  of  this 
planet  be  much  larger  than  ours,  and  the  re- 
tina of  the  eye  be  endued  with  a  much 
greater  degree  of  nervous  sensibility,  they 
may  perceive  objects  with  as  great  a  degree 
of  splendour  as  we  perceive  on  the  objects 
which  surround  us  in  this  world.  Following 
out  the  same  principle,  we  find  that  the 
quantity  of  light  enjoyed  by  the  planet  Mer- 
cury is  nearly  seven  times  greater  than  that 
of  the  Earth,  and  that  of  Venus  nearly  double 
of  what  we  enjoy ;  that  Mars  has  less  than 
the  one-half;  Jupiter  the  one-twenty-seventh 
part ;  and  Saturn  only  the  one-ninetieth  part 
of  the  light  which  falls  upon  the  Earth.  That 
the  light  of  these  distant  planets,  however,  is 
not  so  weak  as  we  might  at  first  imagine,  ap- 
pears from  the  brilliancy  they  exhibit,  when 
viewed  in  our  nocturnal  sky,  either  with  the 
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telescope  or  with  the  unassisted  eye;  and 
likewise  from  the  circumstance  that  a  very 
small  portion  of  the  Sun — such  as  the  one- 
fortieth  or  one-fiftieth  part — diffuses  a  quan- 
tity of  light  sufficient  for  most  of  the  purposes 
of  life,  as  is  found  in  the  case  of  total  eclipses 
of  the  Sun,  when  his  western  limb  begins 
to  be  visible,  only  like  a  fine  luminous  thread, 
for  his  light  is  then  sufficient  to  render  dis- 
tinctly visible  all  the  parts  of  the  surrounding 
landscape. 

7.  It  is  by  light  reflected  from  opaque 
bodies  that  most  of  the  objects  around  us  are 
rendered  visible.  When  a  lighted  candle  is 
brought  into  a  dark  room,  not  only  the  can- 
dle, but  all  other  bodies  in  the  room  become 
visible.  Rays  of  the  sun,  passing  into  a 
dark  room,  render  luminous  a  sheet  of  paper 
on  which  they  fall,  and  this  sheet,  in  its  turn, 
enlightens,  to  a  certain  extent,  the  whole 
apartment,  and  renders  objects  in  it  visible  so 
long  as  it  receives  the  rays  of  the  sun.  In 
like  manner,  the  moon  and  the  planets  are 
opaque  bodies,  but  the  light  of  the"  sun  falling 
upon  them,  and  being  reflected  from  their 
surfaces,  renders  them  visible.  Were  no 
light  to  fall  on  them  from  the  sun,  or  were 
they  not  endued  with  a  power  of  reflecting  it. 
they  would  be  altogether  invisible  to  our  sight. 
When  the  moon  comes  between  us  and  the 
sun,  as  in  a  total  eclipse  of  that  luminary,  as 
no  solar  light  is  reflected  from  the  surface 
next  the  earth,  she  is  invisible,  only  the  curve 
or  outline  of  her  figure  being  distinguished  by 
her  shadow.  In  this  case,  however,  there  is 
a  certain  portion  of  reflected  light  on  the 
lunar  hemisphere  next  the  earth,  though  not 
distinguishable  during  a  solar  eclipse.  The 
earth  is  enlightened  by  the  sun,  and  a  por- 
tion of  the  rays  which  fall  upon  it  is  reflected 
upon  the  dark  hemisphere  of  the  moon  which 
is  then  towards  the  earth.  This  reflected 
light  from  the  earth  is  distinctly  perceptible, 
when  the  moon  appears  as  a  slender  crescent, 
two  or  three  days  after  new  moon — when  the 
earth  reflects  its  light  back  on  the  moon,  in 
the  same  manner  as  the  full  moon  reflects  her 
light  on  the  earth.  Hence,  even  at  this  pe- 
riod of  the  moon,  her  whole  face  becomes 
visible  to  us,  but  its  light  is  not  uniform  or  of 
equal  intensity.  The  thin  crescent  on  which 
the  full  blaze  of  the  solar  light  falls,  is  very 
brilliant  and  distinctly  seen,  while  the  other 
part,  on  which  falls  only  a  comparatively 
feeble  light  from  the  earth,  appears  very  faint, 
and  is  little  more  than  visible  to  the  naked 
eye,  but  with  a  telescope  of  moderate  power — 
if  the  atmosphere  be  very  clear — it  appears 
beautifully  distinct,  so  that  the  relative  posi- 
tions of  many  of  the  lunar  spots  may  be  dis- 
tinguished. 

The   intensity  of  reflected  light  is   very 
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small,  when  compared  with  that  which  pro- 
ceeds directly  from  luminous  bodies.  M. 
Bouguer,  a  French  philosopher,  who  made  a 
variety  of  experiments  to  ascertain  the  pro- 
portion of  light  emitted  by  the  heavenly  bo- 
dies, concluded,  from  these  experiments,  that 
the  light  transmitted  from  the  sun  to  the 
earth  is  at  least  300,000  times  as  great  as 
that  which  descends  to  us  from  the  full  moon, 
and  that,  of  300,000  rays  which  the  moon 
receives,  from  170,000  to  200,000  are  ab- 
sorbed. Hence  we  find  that,  however  bril- 
liant the  moon  may  appear  at  night,  in  the 
daytime  she  appears  as  obscure  as  a  small 
portion  of  dusky  cloud  to  which  she  happens 
to  be  adjacent,  and  reflects  no  more  light  than 
a  portion  of  whitish  cloud  of  the  same  size. 
And  as  the  full  moon  fills  only  the  ninety- 
thousandth  part  of  the  sky,  it  would  require 
at  least  ninety  thousand  moons  to  produce  as 
much  light  as  we  enjoy  in  the  daytime  under 
a  cloudy  sky. 

As  the  moon  and  the  planets  are  rendered 
visible  to  us  only  by  light  reflected  from  their 
surfaces,  so  it  is  in  the  same  way  that  the 
images  of  most  of  the  objects  around  us  are 
conveyed  to  our  organs  of  vision.  We  be- 
hold all  the  objects  which  compose  an  exten- 
sive landscape — the  hills  and  vales,  the  woods 
and  lawns,  the  lakes  and  rivers,  and  the  habi- 
tations of  man — in  consequence  of  the  capa- 
city with  which  they  are  endued  of  sending 
forth  reflected  rays  to  the  eye,  from  every 
point  of  their  surfaces  and  in  all  directions. 
In  connexion  with  the  reflection  of  light,  the 
following  curious  observation  may  be  stated : 
Baron  Funk,  visiting  some  silver  mines  in 
Sweden,  observed,  that,  "  in  a  clear  day,  it 
was  as  dark  as  pitch  under  ground  in  the  eye 
of  a  pit,  at  sixty  or  seventy  fathoms  deep ; 
whereas,  in  a  cloudy  or  rainy  day,  he  could 
see  to  read  even  at  106  fathoms  deep.  In- 
quiring of  the  miners,  he  was  informed  that 
this  is  always  the  case ;  and  reflecting  upon 
it,  he  imagined  it  arose  from  this  circum- 
stance, that,  when  the  atmosphere  is  full  of 
clouds,  light  is  reflected  from  them  into  the 
pit  in  all  directions,  and  that  thereby  a  consi- 
derable proportion  of  the  rays  are  reflected 
perpendicularly  upon  the  earth :  whereas, 
when  the  atmosphere  is  clear,  there  are  no 
opaque  bodies  to  reflect  the  light  in  this 
manner,  at  least  in  a  sufficient  quantity ; 
and  rays  from  the  sun  himself  can  never 
fall  perpendicularly  in  that  country."  The 
reason  here  assigned  is,  in  all  probability, 
the  true  cause  of  the  phenomenon  now 
described. 

8.  It  is  supposed  by  some  philosophers 
that  light  is  subject  to  the  same  laws  of  at- 
traction that  govern  all  other  material  sub- 
stances, -tnd  that  /'/  is  imbibed  and  forms  a 
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constituent  part  of  certain  bodies.  This  has 
been  inferred  from  the  phenomena  of  the 
Bolognian  stone,  and  what  are  generally 
called  the  solar  phosphori.  The  Bolognian 
stone  was  first  discovered  about  the  year 
1630,  by  Leascariolo,  a  shoemaker  of  Bo- 
logna. Having  collected  together  some  stones 
of  a  shining  appearance  at  the  bottom  of 
Monte  Paterno,  and  being  in  quest  of  some 
alchemical  secret,  he  put  them  into  a  crucible 
to  calcine  them ;  that  is,  to  reduce  them  to 
the  state  of  cinders.  Having  taken  them  out 
of  the  crucible,  and  exposed  them  to  the  light 
of  the  sun,  he  afterward  happened  to  carry 
them  into  a  dark  place,  when,  to  his  surprise, 
he  observed  that  they  possessed  a  self-illumi- 
nating power,  and  continued  to  emit  faint 
rays  of  light  for  some  hours  afterward.  In 
consequence  of  this  discovery,  the  Bolognian 
spar  came  into  considerable  demand  among 
natural  philosophers,  and  the  curious  in  gene- 
ral ;  and  the  best  way  of  preparing  it  seems 
to  have  been  hit  upon  by  the  family  of  Za- 
goni,  who  supplied  all  Europe  with  Bolog- 
nian phosphorus  till  the  discovery  of  more 
powerful  phosphoric  substances  put  an  end  to 
their  monopoly.  In  the  year  1677,  Baldwin, 
a  native  of  Misnia,  observed  that  chalk,  dis- 
solved in  aquafortis,  exactly  resembled  the 
Bolognian  stone  in  its  property  of  imbibing 
light,  and  emitting  it  after  it  was  brought 
into  the  dark ;  and  hence  it  has  obtained  the 
name  of  Baldwin's  phosphorus. 

In  1730  M.  Du  Fay  directed  his  attention 
to  this  subject,  and  observed  that  all  earthy 
substances  susceptible  of  calcination,  either 
by  mere  fire,  or  when  assisted  by  the  previous 
action  of  nitrous  acid,  possessed  the  property 
of  becoming  more  or  less  luminous,  when 
calcined  and  exposed  for  a  short  time  in  the 
light ;  that  the  most  perfect  of  these  phosphori 
were  limestones,  and  other  kinds  of  carbon- 
ated lime,  gypsum,  and  particularly  the  topaz, 
and  that  some  diamonds  were  also  observed 
to  be  luminous  by  simple  exposure  to  the 
sun's  rays.  Some  time  afterward  Beccaria 
discovered  that  a  great  variety  of  other  bodies 
were  convertible  into  phosphori  by  exposure 
to  the  mere  light  of  the  sun,  such  as  organic 
animal  remains,  most  compound  salts,  nitre 
and  borax — all  the  farinaceous  and  oily  seeds 
of  vegetable  substances,  all  the  gums  and 
several  of  the  resins — the  white  woods  and 
vegetable  fibre,  either  in  the  form  of  paper  or 
linen  ;  also  starch  and  loaf-sugar  proved  to  be 
good  phosphori,  after  being  made  thoroughly 
dry,  and  exposed  to  the  direct  rays  ot  the 
sun.  Certain  animal  substances  by  a  similar 
treatment  were  also  converted  into  phosphor: ; 
particularly  bone,  sinew,  glue,  hair,  horn, 
hoof,  feathers,  and  fish-shells.  The  same 
property  was  communicated  to  rock  crystal 
3*2  (737) 
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and  some  other  of  the  gems,  by  rubbing  them 
against  each  other  so  as  to  roughen  their  sur- 
i'aces,  and  then  placing  them  for  some  minutes 
in  the  focus  of  a  lens,  by  which  the  rays  of 
light  were  concentrated  upon  them  at  the 
same  time  that  they  were  also  moderately 
heated. 

In  the  year  1768  Mr.  Canton  contributed 
soma  important  facts  in  relation  to  solar 
phosphori,  and  communicated  a  method  of 
preparing  a  very  powerful  one,  which,  after 
the  inventor,  is  usually  called  Canton's  phos- 
phorus. He  affirms  that  his  phosphorus, 
inclosed  in  a  glass  flask,  and  hermetically 
sealed,  retains  its  property  of  becoming  lumi- 
nous for  at  least  four  years,  without  any 
apparent  decrease  of  activity.  It  has  also 
been  found  that,  if  a  common  box  smoothing- 
iron,  heated  in  the  usual  manner,  be  placed 
for  half  a  minute  on  a  sheet  of  dry,  white 
paper,  and  the  paper  be  then  exposed  to  the 
light,  and  afterward  examined  in  a  dark 
doset,  it  will  be  found  that  the  whole  paper 
will  be  luminous,  that  part,  however,  on  which 
the  iron  had  stood  being  much  more  shining 
than  the  rest. 

From  the  above  facts  it  would  seem  that 
certain  bodies  have  the  power  of  imbibing 
light  and  again  emitting  it,  in  certain  circum- 
stances, and  that  this  power  may  remain  for 
a  considerable  length  of  time.  It  is  observed 
that  the  light  which  such  bodies  emit  bears 
an  analogy  to  that  which  they  have  imbibed. 
In  general,  the  illuminated  phosphorus  is 
leddish;  but  when  a  weak  light  only  has  been 
admitted  to  it,  or  when  it  has  been  received 
through  pieces  of  white  paper,  the  emitted 
light  is  pale  or  whitish.  Mr.  Morgan,  in  the 
seventy-fifth  volume  of  the  Philosophical 
Transactions,  treats  the  subject  of  light  at 
considerable  length ;  and  as  a  foundation  for 
his  reasoning,  he  assumes  the  following  data : 
1.  That  light  is  a  body,  and,  like  all  others, 
subject  to  the  laws  of  attraction.  2.  That 
light  is  a  heterogeneous  body,  and  that  the 
same  attractive  power  operates  with  different 
degrees  of  force  on  its  different  parts.  To 
the  principle  of  attraction,  likewise,  Sir  Isaac 
Newton  has  referred  the  most  extraordinary 
phenomena  of  light,  Refraction  and  Inflection. 
He  has  also  endeavoured  to  show  that  light 
is  not  only  subject  to  the  law  of  attraction, 
but  of  repulsion  also,  since  it  is  repelled  or 
reflected  from  certain  bodies.  If  such  princi- 
ples be  admitted,  then  it  is  highly  probable 
that  the  phosphorescent  bodies  to  which  we 
have  adverted  have  a  power  of  attracting  or 
.imbibing  the  substance  of  light,  and  of  retain- 
ing or  giving  it  out  under  certain  circum- 
stances, and  that  the  matter  of  light  is  in- 
corporated, at  least,  with  the  surface  of  such 
bodies ;  but  on  this  subject,  as  on  many  others, 
(738) 


there  is  a  difference  of  opinion  among  phi- 
losophers.* 

9.  Light  is  found  to  produce  a  remarkable 
effect  on  plants  and  flowers,  and  other  vege- 
table productions.  Of  all  the  phenomena 
which  living  vegetables  exhibit,  there  are  few 
that  appear  more  extraordinary  than  the 
energy  and  constancy  with  which  their  stems 
incline  towards  the  light.  Most  of  the  dis- 
cous  flowers  follow  the  sun  in  his  course. 
They  attend  him  to  his  evening  retreat,  and 
meet  his  rising  lustre  in  the  morning  with  the 
same  unerring  law.  They  unfold  their 
flowers  on  the  approach  of  this  luminarv ; 
they  follow  his  course  by  turning  on  their 
stems,  and  close  them  as  soon  as  he  disap- 
pears. If  a  plant,  also,  is  shut  up  in  a  dark 
room,  and  a  small  hole  afterward  opened  by 
which  the  light  of  the  sun  may  enter,  the 
plant  will  turn  towards  that  hole,  and  even 
alter  its  own  shape  in  order  to  get  near  it ;  so 
that  though  it  was  straight  before,  it  will  in 
time  become  crooked,  that  it  may  get  near 
the  light.  Vegetables  placed  in  rooms  where 
they  receive  light  only  in  one  direction,  always 
extend  themselves  in  that  direction.  If  they 
receive  light  in  two  directions,  they  direct 
their  course  towards  that  which  is  strongest. 
It  is  not  the  heat,  but  the  light  of  the  sun 


*  Light  of  a  phosphoric  nature  is  frequently 
emitted  from  various  putrescent  animal  substances, 
which,  in  the  ages  of  superstition,  served  to 
astonish  and  affright  the  timorous.  We  learn 
from  Fabricius,  an  Italian,  that  three  young  men, 
residing  at  Padua,  having  bought  a  lamb,  and 
eaten  part  of  it  on  Easter  Day,  1592,  several 
pieces  of  the  remainder,  which  they  kept  till  the 
following  day,  shone  like  so  many  candles  when 
they  were  casually  viewed  in  the  dark.  The 
astonishment  of  the  whole  city  was  excited  by 
this  phenomenon,  and  a  part  of  the  flesh  was  sent 
to  Fabricius,  who  was  professor  of  anatomy,  to  be 
examined  by  him.  He  observed  that  those  parts 
which  wore  soft  to  the  touch  and  transparent  in 
candle-light  were  the  most  resplendent ;  and  also 
that  some  pieces  of  kid's  flesh  which  had  hap- 
pened to  have  lain  in  contact  with  them  were 
luminous,  as  well  as  the  fingers  and  other  parts  of 
the  bodies  of  those  persons  who  touched  them. 
Bartholin  gives  an  account  of  a  similar  pheno- 
menon, which  happened  in  Montpelier,  in  1641. 
A  poor  woman  had  bought  a  piece  of  flesh  in  the 
market,  intending  to  make  use  of  it  on  the  follow- 
ing day;  but  happening  not  to  he  able  to  sleep 
well  that  night,  and  her  bed  and  pantry  being  in 
the  same  room,  she  observed  so  much  light  come 
from  the  flesh  as  to  illuminate  all  the  place  where 
it  hung.  We  may  judge  of  the  terror  and  astonish- 
ment of  the  woman  herself,  when  vye  find  that  a 
part  of  this  luminous  flesh  was  carried  as  a  very 
extraordinary  curiosity  to  Henry,  duke  of  Conde, 
the  governor  of  the  place,  who  viewed  it  several 
hours  with  the  greatest  astonishment.  The  light 
was  as  if  gems  had  been  scattered  over  the  sur- 
face, and  continued  till  '.he  flesh  began  to  putrefy, 
when  it  vanished,  which  it  was  believed  to  do  in 
the  form  of  a  cross.  Hence  the  propriety  of  in- 
struc£ing  the  mass  of  the  community  in  the  know- 
ledge of  the  facts  connected  with  the  material 
system,  and  the  physical  causes  of  the  various 
phenomena  of  nature. 
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which  the  plant  thus  covets ;  for,  though  a 
fire  be  kept  in  the  room,  capable  of  giving  a 
much  stronger  heat  than  the  sun,  the  plant 
will  turn  away  from  the  fire  in  order  to  en- 
joy the  solar  light.     Treos  growing  in  thick 
forests,  where  they  only  receive  light  from 
above,  direct  their  shoots  almost  invariably 
upward,  and  therefore  become  much  taller 
and  less  spreading  than  such  as  stand  single. 
The  green  colour   of  plants   is   likewise 
found   to  depend  on  the  sun's   light  being 
allowed  to  shine  on  them ;  for  without  the  in- 
fluence of  the  solar  light  they  are  always  of  a 
white  colour.      It   is  found   by  experiment 
that,  if  a  plant  which  has  been  reared  in  dark- 
ness be  exposed  to  the  light  of  day,  in  two  or 
three  days  it  will  acquire  a  green  colour  per- 
ceptibly similar  to  that  of  plants  which  have 
grown  in  open  daylight.     If  we  expose  to  the 
light  one  part  of  the  plant,  whether  leaf  or 
branch,  this  part  alone  will  become  green. 
If  we  cover  any  part  of  a  leaf  with  an  opaque 
substance,  this  place  will  remain  white,  while 
the  rest  becomes  green.  The  whiteness  of  the 
inner  leaves  of  cabbages  is  a  partial  effect  of 
the  same  cause,  and  many  other  examples 
of  the  same  kind  might  easily  be  produced. 
M.  Decandolle,  who  seems  to  have  paid  par- 
ticular attention  to  this  subject,  has  the  follow- 
ing remarks :  "  It  is  certain,  that  between  the 
white  state  of  plants  vegetating  in  darkness, 
and  complete  verdure,  every   possible  inter- 
mediate degree  exists,  determined  by  the  in- 
tensity of  the  light.     Of  this  any  one   may 
easily  satisfy  himself    by  attending    to   the 
colour  of  a  plant  exposed  to  the  full  daylight ; 
it  exhibits  in  succession  all  the  degrees  of 
verdure.    I  had  already  seen  the  same  pheno- 
menon, in  a  particular  manner,  by  exposing 
plants  reared  in  darkness  to  the  light  of  lamps. 
In  these  experiments,  I  not   only  saw  the 
colour  come  on  gradually,  according  to  the 
continuance  of  the  exposure  to  light,  but  I 
satisfied  myself  that  a  certain  intensity  of  per- 
manent light  never  gives  to  a  plant  more  than 
a  certain  degree  of  colour.     The  same  fact 
readily  shows  itself  in  nature,  when  we  ex- 
amine the  plants  that  grow  under  shelter  or 
in  forests,  or  when  we  examine  in  succession 
the  state  of  the  leaves  that  form  the  heads. 
of  cabbages."* 

It  is  likewise  found  that  the  perspiration 
of  vegetables -is  increased  or  diminished  in  a 
certain  measure  by  the  degree  of  light  which 
falls  upon  them.  The  experiments  of  Mr.  P. 
Miller  and  others  prove  that  plants  uniformly 
perspire  most  in  the  forenoon,  though  the 
temperature  of  the  air  in  which  they  are 
placed  should  be  unvaried.  M.  Guettard 
likewise  informs  us  that  a  plant  exposed  to 
the  rays  of  the  sun  has  its  perspiration  in- 
*  Memoires  de  la  Soc.  d'Aroncil.  vol.  ii. 


creased  to  a  much  greater  degree  than  if  it 
had  been  exposed  to  the  same  heat  under  the 
shade.  Vegetables  are  likewise  found  to  be 
indebted*  to  light  for  their  smell,  taste,  com- 
bustibility, maturity,  and  the  resinous  princi- 
ple, which  equally  depend  upon  this  fluid. 
The  aromatic  substances,  resins,  and  volatile 
oil  are  the  productions  of  southern  climates, 
where  the  light  is  more  pure,  constant,  and 
intense.  In  fine,  another  remarkable  property 
of  light  on  the  vegetable  kingdom  is  that, 
when  vegetables  are  exposed  to  open  day- 
light, or  to  the  sun's  rays,  they  emit  oxygen 
gas,  or  vital  air.  It  has  been  proved  that,  in 
the  production  of  this  effect,  the  sun  does  not 
act  as  a  body  that  heats.  The  emission  of 
the  gas  is  determined  by  the  light :  pure  air 
is  therefore  separated  by  the  action  of  light, 
and  the  operation  is  stronger  as  the  light  is 
more  vivid.  By  this  continual  emission  of 
vital  air,  the  Almighty  incessantly  purifies 
the  atmosphere,  and  repairs  the  loss  of  pure 
air  occasioned  by  respiration,  combustion, 
fermentation,  putrefaction,  and  numerous 
other  processes  which  have  a  tendency  to 
contaminate  this  fluid,  so  essential  to  the 
vigour  and  comfort  of  animal  life ;  so  that,  in 
this  way,  by  the  agency  of  light,  a  due  equi- 
librium is  always  maintained  between  the 
constituent  parts  of  the  atmosphere. 

In  connexion  with  this  subject  the  follow- 
ing curious  phenomenon  may  be  stated,  as 
related  by  M.  Haggern,  a  lecturer  on  Natural 
History  in  Sweden.  One  evening  he  per- 
ceived a  faint  flash  of  light  repeatedly  dart 
from  a  marigold.  Surprised  at  such  an  un- 
common appearance,  he  resolved  to  examine 
it  with  attention ;  and,  to  be  assured  it  was 
no  deception  of  the  eye,  he  placed  a  man 
near  him,  with  orders  to  make  a  signal  at  the 
moment  when  he  observed  the  light.  They 
both  saw  it  constantly  at  the  same  moment. 
The  light  was  most  brilliant  on  marigolds  of 
an  orange  or  flame  colour,  but  scarcely  visible 
on  pale  ones.  The  flash  was  frequently  seen 
on  the  same  flower  two  or  three  times  in 
quick  succession,  but  more  commonly  at  in- 
tervals of  several  minutes;  and  when  several 
flowers  in  the  same  place  emitted  their  light 
together,  it  could  be  observed  at  a  con- 
siderable distance.  The  phenomenon  was 
remarked  in  the  months  of  July  and  August 
at  sunset,  and  for  half  an  hour  when  the  at- 
mosphere was  clear  ;  but  after  a  rainy  day,  or 
when  the  air  was  loaded  with  vapours,  nothing 
of  it  was  seen.  The  following  flowers  emit- 
ted flashes  more  or  less  vivid,  in  this  order : 
1.  The  Marigold.  2.  Monk's  Hood.  3.  The 
Orange  Lily.  4.  The  Indian  Pink.  As  to 
the  cause  of  this  phenomenon,  different  opi- 
nions may  be  entertained.  From  the  rapidity 
of  the  flash  and  other  circumstances,  it  may 
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be  conjectured  that  electricity  is  concerned 
in  producing  this  appearance.  M.  Haggern, 
after  having  observed  the  flash  from  the 
orange  lily,  the  antherse  of  which  are  at  con- 
siderable distance  from  the  petals,  found  that 
the  light  proceeded  from  the  petals  only; 
whence  he  concludes  that  this  electrical  light 
la  caused,  by  the  pollen,  which,  in  flying  off, 
is  scattered  on  the  petals.  But,  perhaps,  the 
true  cause  of  it  still  remains  to  be  ascertained. 

10.  Light  has  been  supposed  to  produce  a 
certain  degree  of  influence  on  the  PROPAGA- 
TION OF  sou xi).  M.  Parolette,  in  a  long 
paper  in  the  "  Journal  de  Physique,"  vol.  68, 
which  is  copied  into  "  Nicholson's  Philosophi- 
cal Journal,"  vol.  25,  p.  28-39,  has  offered  a 
variety  of  remarks,  and  detailed  a  number  of 
experiments  on  this  subject.  The  author 
states  the  following  circumstances  as  having 
suggested  the  connexion  between  light  and 
sound  :  "  In  1803  I  lived  in  Paris,  and  being 
accustomed  to  rise  before  day  to  finish  a  work 
on  which  I  had  long  been  employed,  I  found 
myself  frequently  disturbed  by  the  sound  of 
carriages,  as  my  windows  looked  into  one  of 
the  most  frequented  streets  in  that  city.  This 
circumstance,  which  disturbed  me  in  my 
studies  every  morning,  led  me  to  remark  that 
the  appearance  of  daybreak  peculiarly  affected 
the  propagation  of  the  sound ;  from  dull  and 
deep,  which  it  was  before  day,  it  seemed  to 
me  to  acquire  a  more  sonorous  sharpness  in 
the  period  that  succeeded  the  dissipation  of 
darkness.  The  rolling  of  the  wheels  seemed 
to  announce  the  friction  of  some  substances 
grown  more  elastic  ;  and  my  ear,  on  attending 
to  it,  perceived  this  difference  diminish  in 
proportion  as  the  sound  of  wheels  was  con- 
founded with  those  excited  by  the  tumult  of 
objects  quitting  their  nocturnal  silence.  Struck 
with  this  observation,  I  attempted  to  discover 
whether  any  particular  causes  had  deceived 
my  ears.  I  rose  several  times  before  day  for 
this  purpose  alone,  and  was  every  time  con- 
firmed in  my  suspicion  that  light  must  have  a 
peculiar  influence  on  the  propagation  of  sound. 
This  variation,  however,  in  the  manner  in 
which  the  air  gaVe  sounds,  might  be  the  effect 
of  the  agitation  of  the  atmosphere  produced 
by  the  rarefaction  the  presence  of  the  sun  oc- 
casioned ;  but  the  situation  of  my  windows, 
and. the  usual  direction  of  the  morning  breeze, 
militated  against  this  argument." 

The  author  then  proceeds  to  give  a  descrip- 
tion of  a  very  delicate  instrument,  and  various 
apparatus  for  measuring  the  propagation  and 
intensity  of  sound,  and  the  various  experi- 
ments both  in  the  dark  and  in  daylight,  and 
likewise  under  different  changes  of  the  atmo- 
sphere, which  were  made  with  his  apparatus, 
all  of  which  tended  to  prove  that  light  had  a 
sensible  influence  in  the  propagation  of  sound. 
(740) 


But  the  detail  of  these  experiments  and  their 
several  results  would  be  too  tedious  to  be  here 
transcribed.  The  night  has  generally  been 
considered  as  more  favourable  than  the  day 
for  the  transmission  of  sound.  "  That  this  is 
the  case,"  says  Parolette,  "  with  respect  to 
our  ears  cannot  be  doubted :  but  this  argues 
nothing  against  my  opinion.  We  hear  fur- 
ther by  night  on  account  of  the  silence,  and 
this  always  contributes  to  it,  while  the  noise 
of  a  wind  favourable  to  the  propagation  of  a 
sound  may  prevent  the  sound  from  being 
heard."  In  reference  to  the  cause  which  pro- 
duces the  effect  now  stated,  he  proposes  the 
following  queries:  "Is  the  atmospheric  air 
more  dense  on  the  appearance  of  light  than  in 
darkness  1  Is  this  greater  density  of  the  air, 
or  of  the  elastic  fluid  that  is  subservient  to 
the  propagation  of  sound,  the  effect  of  aeri- 
form substances  kept  in  this  state  through  the 
medium  of  light]"  He  is  disposed,  on  the 
whole,  to  conclude  that  the  effect  in  question 
is  owing  to  the  action  of  light  upon  the  oxy- 
gen of  the  atmosphere,  since  oxygen  gas  is 
found  by  experiment  to  be  best  adapted  to 
the  transmission  of  sound. 

Our  author  concludes  his  communication 
with  the  following  remarks :  "  Light  has  a 
velocity  900,000  times  as  rapid  as  that  of 
sound.  Whether  it  emanate  from  the  sun 
and  reach  to  our  earth,  or  act  by  means  of  vi- 
brations agitating  the  particles  of  a  fluid  of  a 
peculiar  nature,  the  particles  of  this  fluid  must 
be  extremely  light,  elastic,  and  active.  Nor 
does  it  appear  to  me  unreasonable  to  ascribe 
to  the  mechanical  action  of  these  particles 
set  in  motion  by  sun  the  effects  its  pre- 
sence occasions  in 'the  vibrations  that  proceed 
from  sonorous  bodies.  The  more  deeply  we 
investigate  the  theory  of  light,  the  more  we 
must  perceive  that  the  powers  by  which  the 
universe  is  moved  reside  in  the  imperceptible 
particles  of  bodies ;  and  that  the  grand  result* 
of  nature  are  but  an  assemblage  of  an  order 
of  actions  that  take  place  in  its  infinitely  small 
parts ;  consequently,  we  cannot  institute  a 
series  of  experiments  more  interesting  than 
those  which  tend  to  develope  the  properties  of 
light.  Our  organs  of  sense  are  so  immediately 
connected  with  the  fluid  that  enlightens  us, 
that  a  notion  of  having  acquired  an  idea  of 
the  mode  of  action  of  this  fluid  presents  itself 
to  our  minds,  as  the  hope  of  a  striking  ad- 
vance  in  the  knowledge  of  what  composes  the 
organic  mechanism  of  our  life,  and  of  that  of 
beings  which  closely  follow  the  rank  assigned 
to  the  human  species.1' 

Such  is  a  brief  description  of  some  of  the 
leading  properties  of  light.  Of  all  the  objects 
that  present  themselves  to  the  philosophic  and 
contemplative  mind,  light  is  one  of  the  noblest 
and  most  interesting.  The  action  it  exerts 
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on  all  the  combinations  of  matter,  its  extreme  proaches  the  equinox  in  spring,  the  animal 
divisibility,  the  rapidity  of  its  propagation,  and  vegetable  tribes  revive  and  nature  puts 
the  sublime  wonders  it  reveals,  and  the  office  on  a  new  and  a  smiling  aspect  When  he 
it  performs  in  what  constitutes  the  life  of  or-  declines  towards  the  winter  solstice,  dreari- 
ganic  beings,  lead  us  to  consider  it  as  a  sub-  ness  and  desolation  ensue,  and  a  temporary 
stance  acting  the  first  part  in  the  economy  of  death  takes  place  among  the  tribes  of  the 
nature.  The  magic  power  which  this  ema-  vegetable  world.  This  splendid  luminary, 
nation  from  the  heavens  exerts  on  our  organs  whose  light  embellishes  the  whole  of  this 
of  vision,  in  exhibiting  to  our  view  the  sub-  lower  creation,  forms  the  most  lively  repre- 
lime  spectacle  of  the  universe,  cannot  be  suffi-  sentation  of  Him  who  is  the  source  and  the 
ciently  admired.  Nor  is  its  power  confined  centre  of  all  beauty  and  perfection.  "  God  is 
to  the  organs  of  sight ;  all  our  senses  are,  in  a  sun,"  the  sun  of  the  moral  and  spiritual 
a  greater  or  less  degree,  subjected  to  the  action  universe,  from  whom  all  the  emanations  of 
of  light,  and  all  the  objects  in  this  lower  ere-  knowledge,  love,  and  felicity  descend.  "  He 
ation — whether  in  the  animal,  the  vegetable,  covereth  himself  with  light  as  with  a  gar- 
or  the  mineral  kingdoms — are,  to  a  certain  ment,"  and  "  dwells  in  light  inaccessible  and 
extent,  susceptible  of  its  influence.  Our  full  of  glory."  The  felicity  and  enjoyments 
globe  appears  to  be  little  more  than  an  accu-  of  the  future  world  are  adumbrated  under  the 
mutation  of  terrestrial  materials  introduced  ideas  of  light  and  glory.  "  The  glory  of  God 
into  the  boundless  ocean  of  the  solar  light,  as  enlightens  the  celestial  city  ;"  its  inhabitants 
a  theatre  on  which  it  may  display  its  exhaust-  are  represented  as  «  the  saints  in  light;'''  it 
less  power  and  energy,  and  give  animation,  is  declared  that  "  their  sun  shall  no  more  go 
beauty,  and  sublimity  to  every  surrounding  down,"  and  that  "  the  Lord  God  is  their  ever- 
scene,  and  to  regulate  all  the  powers  of  na-  lasting  light."  So  that  light  not  only  cheers 
ture,  and  render  them  subservient  to  the  pur-  and  enlivens  all  beings  throughout  the  mate- 
poses  for  which  they  were  ordained.  This  rial  creation,  but  is  the  emblem  of  the  Eter- 
elementary  substance  appears  to  be  universal  nal  Mind,  and  of  all  that  is  delightful  and 
in  its  movements  and  in  its  influence.  It  de-  transporting  in  the  scenes  of  a  blessed  immor- 
scends  to  us  from  the  solar  orb.  It  wings  its  tality. 

way  through  the  voids  of  space,  along  a  In  the  formation  of  light,  and  the  benefi- 
course  of  ninety-five  millions  of  miles,  till  it  cent  effects  it  produces,  the  wisdom  and 
arrives  at  the  outskirts  of  our  globe ;  it  passes  goodness  of  the  Almighty  are  conspicuously 
freely  through  the  surrounding  atmosphere ;  displayed.  Without  the  beams  of  the  sun 
it  strikes  upon  the  clouds,  and  is  reflected  by  and  the  influence  of  light,  what  were  all  the 
them ;  it  irradiates  the  mountains,  the  vales,  realms  of  this  world  but  an  undistinguished 
the  forests,  the  rivers,  the  seas,  and  all  the  chaos  and  so  many  dungeons  of  darkness] 
productions  of  the  vegetable  kingdom,  and  In  vain  should  we  roll  our  eyes  around  to  be- 
adorns  them  with  a  countless  assemblage  of  hold,  amid  the  universal  gloom,  the  flowery 
colours.  It  scatters  and  disperses  its  rays  fields,  the  verdant  plains,  the  flowing  streams, 
from  one  end  of  creation  to  another,  diffusing  the  expansive  ocean,  the  moon  walking  in 
itself  throughout  every  sphere  of  the  universe,  brightness,  the  planets  in  their  courses,  or  the 
It  flies  without  intermission  from  star  to  star,  innumerable  host  of  stars.  All  would  be  lost 
and  from  suns  to  planets,  throughout  the  to  the  eye  of  man,  and  the  "blackness  of 
boundless  sphere  of  immensity,  forming  a  con-  darkness"  would  surround  him  for  ever.  And 
necting  chain  and  a  medium  of  communica-  with  how  much  wisdom  has  every  thing  been 
tion  among  all  the  worlds  and  beings  within  arranged  in  relation  to  the  motions  and  mi- 
the  wide  empire  of  Omnipotence.  nuteness  of  light  ]  Were  it  capable  of  being 

When  the  sun  is  said  "  to  rule  over  the  transformed  into  a  solid  substance,  and  retain 
day,"  it  is  intimated  that  he  acts  as  the  vice-  its  present  velocity,  it  would  form  the  most 
gerent  of  the  Almighty,  who  has  invested  dreadful  and  appalling  element  in  nature,  and 
him  with  a  mechanical  power  of  giving  light,  produce  universal  terror  and  destruction 
life,  and  motion  to  all  the  beings  susceptible  throughout  the  universe.  That  this  is  not 
of  receiving  impressions  from  his  radiance,  impossible,  and  could  easily  be  effected  by 
As  the  servant  of  his  Creator,  he  distributes  the  hand  of  Omnipotence,  appears  from  such 
blessings  without  number  among  all  the  tribes  substances  as  phosphorus,  where  light  is  sup- 
of  sentient  and  intelligent  existence.  When  posed  to  be  concentrated  in  a  solid  state.  But 
his  rays  illumine  the  eastern  sky  in  the  morn-  in  all  its  operations  and  effects,  as  it  is  now 
ing,  all  nature  is  enlivened  with  his  presence,  directed  by  unerring  wisdom  and  beneficence, 
When  he  sinks  beneath  the  western  horizon,  it  exhibits  itself  as  the  most  benign  and  de- 
the  flowers  droop,  the  birds  retire  to  their  lightiul  element  connected  with  the  constitu- 
nests,  and  a  mantle  of  darkness  is  spread  over  tion  of  the  material  system,  diffusing  splendour 
the  landscape  of  the  world.  When  he  ap-  and  felicity  wherever  its  influence  extends. 
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CHAPTER  V. 

On  the  Refraction  of  Light. 


REFRACTION  is  the  turning  or  bending  of 
the  rays  of  light  out  of  their  natural  course. 

Light,  when  proceeding  from  a  luminous 
body — without  being  reflected  from  any  opaque 
substance  or  inflected  by  passing  near  one — 
is  invariably  found  to  proceed  in  straight  lines 
without  the  least  deviation.  But  if  it  hap- 
pens to  pass  obliquely  from  one  medium  to 
another,  it  always  leaves  the  direction  it  had 
before  and  assumes  a  new  one.  This  change 
of  direction,  or  bending  of  the  rays  of  light, 
is  what  is  called  Refraction — a  term  which 
probably  had  its  origin  from  the  broken  ap- 
pearance which  a  staff  or  a  long  pole  exhibits 
when  a  portion  of  it  is  immersed  in  water — 
the  word,  derived  from  the  Latin  frango,  lite- 
rally signifying  breaking  or  bending. 

When  light  is  thus  refracted,  or  has  taken 
a  new  direction,  it  then  proceeds  invariably 
in  a  straight  line  till  it  meets  with  a  different 
medium,*  when  it  is  again  turned  out  of  its 
course.  It  must  be  observed,  however,  that 
though  we  may  by  this  means  cause  the  rays 
of  light  to  make  any  number  of  angles  in 
their  course,  it  is  impossible  for  us  to  make 
them  describe  a  curve,  except  in  one  single 
case,  namely,  where  they  pass  through  a  me- 
dium, the  density  of  which  either  uniformly 
increases  or  diminishes.  This  is  the  case 
with  the  light  of  the  celestial  bodies,  which 
passes  downward  through  our  atmosphere, 
and  likewise  with  that  which  is  reflected  up- 
ward through  it  by  terrestrial  objects.  In 
both  these  cases  it  describes  a  curve  of  the 
hyperbolic  kind ;  but  at  all  other  times  it  pro- 
ceeds in  straight  lines,  or  in  what  may  be 
taken  for  straight  lines  without  any  sensible 
error. 

There  are  two  circumstances  essential  to 
refraction.  1.  That  the  rays  of  light  shall 
pass  out  of  one  medium  into  another  of  a  dif- 
ferent density,  or  of  a  greater  or  less  degree 
of  resistance.  2.  That  they  pass  in  an  ob- 
lique direction.  The  denser  the  refracting 
medium,  or  that  into  which  the  ray  enters, 
the  greater  will  be  its  refracting  power ;  and 
of  two  refracting  mediums  of  the  same  den- 
sity, that  which  is  of  an  oily  or  inflammable 
nature  will  have  a  greater  refracting  power 

*  By  a  medium,  in  optics,  is  meant  the  space  in 
which  a  ray  of  light  moves,  whether  pure  space, 
air,  water,  glass,  diamond,  or  any  other  transpa- 
rent substance  through  which  the  raya  of  light 
can  pass  in  straight  lines. 
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than  the  other.  The  nature  of  refraction  may 
be  more  particularly  explained  arid  illustrated 
by  the  following  figure  and  description  : 

Let  A  D  HI,  fig.  2,  be  a  body  of  water,  A 
D  its  surface,  C  a  point  in  which  a  ray  of 
light,  B  C,  enters  from  the  .air  into  the  water. 
This  ray,  by  the  greater  density  of  the  water,  in- 
stead of  pass- 


Fig.  2. 
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F  G  be  drawn  perpendicular  to  the  surface 
of  the  water  in  C,  then  it  is  evident  that  the 
ray  B  C,  in  passing  out  of  air,  a  rare  me- 
dium, into  a  dense  medium,  as  water,  is  re- 
fracted into  a  ray  C  E,  which  is  nearer  to 
the  perpendicular  C  G  than  the  incident  ray 
B  C,  and,  on  the  contrary,  the  ray  E  C, 
passing  out  of  a  denser  medium  into  a  rarer, 
will  be  refracted  into  C  B,  which  is  further 
from  the  perpendicular. 

The  same  thing  may  be  otherwise  illus- 
trated as  follows :  Suppose  a  hole  made  in 
one  of  the  sides  of  the  vessel,  as  at  a,  and  a 
lighted  candle  placed  within  two  or  three  feet 
of  it,  when  empty,  so  that  its  flame  may  be 
at  L,  a  ray  of  light  proceeding  from  it  will 
pass  through  the  hole,  a,  in  a  straight  line, 
L  B  C  K,  till  it  reach  the  bottom  of  the  ves- 
sel at  K,  where  it  will  form  a  small  circle  of 
light  Having  put  a  mark  at  the  point  K, 
pour  water  into  the  vessel  till  it  rise  to  the 
height  A  D,  and  the  round  spot  that  was  for- 
merly at  K  will  appear  at  E  ;  that  is,  the  ray 
which  went  straight  forward,  when  the  vessel 
was  empty,  to  K,  has  been  bent  at  the  point 
C,  where  it  falls  into  the  water,  into  the  line 
C  E.  In  this  experiment  it  is  necessary  that 
the  front  of  the  vessel  should  be  of  glass,  in 
order  that  the  course  of  the  ray  may  be  seen ; 
and  if  a  little  soap  be  mixed  with  the  water 
so  as  to  give  it  a  little  mistiness,  the  ray  C  E 
will  be  distinctly  perceived.  If,  in  place  of 
fresh  water,  we  pour  in  salt  water,  it  will  be 
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found  that  the  ray  B  C  is  more  bent  at  C. 
In  like  manner,  alcohol  will  refract  the  ray  B 
C  more  than  salt  water,  and  oil  more  than 
alcohol,  and  a  piece  of  solid  glass,  of  the  shape 
of  the  water,  would  refract  the  light  still  more 
than  the  oil. 

The  angle  of  refraction  depends  on  the 
obliquity  of  the  rays  falling  on  the  refracting 
surface  being  always  such,  that  the  sine  of  the 
incident  angle  is  to  the  sine  of  the  refracted 
angle  in  a  given  proportion.  The  incident 
angle  is  the  angle  made  by  a  ray  of  light  and 
a  line  drawn  perpendicular  to  the  refracting 
surface,  at  the  point  where  the  light  enters 
the  surface.  The  refracted  angle  is  the  angle 
made  by  the  ray  in  the  refracting  medium 
with  the  same  perpendicular  produced.  The 
sine  of  the  angle  is  a  line  which  serves  to 
measure  the  angle,  being  drawn  from  a  point 
in  one  leg  perpendicular  to  the  other.  The 
following  figure  (fig.  3)  will  tend  to  illustrate 
these  definitions. 


In  this  figure,  B  C  is  the  incident  ray,  C 
E  the  refracted  ray,  D  G  the  perpendicular, 
A  D  the  sine  of  the  angle  of  incidence  A  C 
D,  and  H  R  the  sine  of  the  angle  of  refraction 
G  C  E.  Now,  it  is  a  proposition  in  optics, 
that  the  sine  A  D  of  the  angle  of  incidence 
B  C  D  is  either  accurately  or  very  nearly  in 
a  given  proportion  to  the  sine  H  R  of  the 
angle  of  refraction  G  C  E.  This  ratio  of  the 
sines  is  as  four  to  three,  when  the  refraction 
is  made  out  of  air  into  water,  that  is,  A  D  is 
to  H  R  as  four  to  three.  When  the  refrac- 
tion is  out  of  air  into  glass,  the  proportion  is 
about  as  thirty-one  to  twenty,  or  nearly  as 
three  to  two.  If  the  refraction  be  out  of  air 
into  diamond,  it  is  as  five  to  two,  that  is  A 
D  :  H  R:  :  5  :  2.  The  denser  the  medium 
is,  the  less  is  the  angle  and  sine  of  refraction. 
If  a  ray  of  light,  M  C,  were  to  pass  from  air 
into  water,  or  from  empty  space  into  air,  in 
the  direction  M  C  perpendicular  to  the  plane 
N  0,  which  separates  the  two  mediums,  it 
would  suffer  no  refraction,  because  one  of  the 


essentials  to  that  effect  is  wanting,  namely, 
the  obliquity  of  the  incidence. 

It  may  also  be  proper  to  remark  that  a  ray 
of  light  cannot  pass  out  of  a  denser  medium 
into  a  rarer,  if  the  angle  of  incidence  exceed 
a  certain  limit.  Thus  a  ray  of  light  will  not 
pass  out  of  glass  into  air,  if  the  angle  of  in- 
cidence exceed  40°  11';  or  out  of  glass  into 
water,  if  the  angle  of  incidence  exceed  59° 
20'.  In  such  cases  refraction  will  be  changed 
into  reflection. 

The  following  common  experiments,  which 
are  easily  performed,  will  illustrate  the  doctrine 
of  refraction :  Put  a  shilling,  or  any  other 
small  object  which  is  easily  distinguished,  into 
a  basin  or  any  other  similar  vessel,  and  then 
retire  to  such  a  distance  as  that  the  edge  of 
the  vessel  shall  just  hide  it  from  your  sight. 
If  then  you  cause  another  person  to  fill  the 
vessel  with  water,  you  will  find  that  the 
shilling  is  rendered  perfectly  visible,  although 
you  have  not  in  the  slightest  degree  changed 
your  position.  The  reason  of  this  is,  that 
the  rays  of  light,  by  which  it  is  rendered 
visible  are  bent  out  of  their  course.  Thus, 
suppose  the  shilling  to  have  been  placed  in 
the  bottom  of  the  basin  at  E  (fig.  2,)  the  ray 
of  light  B  C  which  passes  obliquely  from  the 
air  into  water  at  C,  instead  of  continuing  its 
course  to  K,  takes  the  direction  of  C  E,  and, 
consequently,  an  object  at  E  would  be  ren- 
dered visible  by  rays  proceeding  in  that  di- 
rection, when  they  would  not  have  touched 
it  had  they  proceeded  in  their  direct  course. 

The  same  principle  is  illustrated  by  the 
following  experiment :  Place  a  basin  or  square 
box  on  a  table,  and  a  candle  at  a  small  dis- 
tance from  it ;  lay  a  small  rod  or  stick  across 
the  sides  of  the  basin,  and  mark  the  place 
where  the  extremity  of  the  shadow  falls,  by 
placing  a  shilling  or  other  object  at  the  point ; 
then  let  water  be  poured  into  the  basin,  and 
the  shadow  will  then  fall  much  nearer  to  the 
side  next  the  candle  than  before.  This  ex- 
periment may  likewise  be  performed  by  simply 
observing  the  change  produced  on  the  shadow 
of  the  side  of  the  basin  itself.  Again,  put  a 
long  stick  obliquely  into  deep  water,  and  the 
stick  will  seem  to  be  broken  at  the  point 
where  it  appears  at  the  surface  of  the  water, 
the  part  which  is  immersed  in  the  water  ap- 
pearing to  be  bent  upward.  Hence  every 
one  must  have  observed  that,  in  rowing  a  boat, 
the  ends  of  the  oars  appear  bent  or  broken 
every  time  they  are  immersed  in  the  water, 
and  their  appearance  at  such  times  is  a  repre- 
sentation of  the  course  of  the  refracted  rays. 
Again,  fill  a  pretty  deep  jar  with  water,  and 
you  will  observe  the  bottom  of  the  jar  con- 
siderably elevated,  so  that  it  appears  much 
shallower  than  it  did  before  the  water  was 
poured  in,  in  the  proportion  of  nearly  a  third 
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of  its  depth,  which  is  owing  to  the  same  cause 
as  that  which  makes  the  end  of  a  stick  im- 
mersed in  water  appear  more  elevated  than  it 
would  do  if  there  were  no  refraction.  An- 
other experiment  may  be  just  mentioned. 
Put  a  sixpence  in  a  wine-glass,  and  pour  upon 
it  a  little  water.  When  viewed  in  a  certain 
position,  two  sixpences  will  appear  in  the 
glass — one  image  of  the  sixpence  from  below, 
which  comes  directly  to  the  eye,  and  another 
which  appears  considerably  raised  above  the 
other,  in  consequence  of  the  rays  of  light  rising 
through  the  water,  and  being  refracted.  In 
this  experiment  the  wine-glass  should  not  be 
more  than  half  filled  with  water. 

The  refraction  of  light  explains  the  causes 
of  many  curious  and  interesting  phenomena 
both  in  the  heavens  and  on  the  earth.  When 
we  stand  on  the  banks  of  a  river,  and  look 
obliquely  through  the  waters  to  its  bottom, 
we  are  apt  to  think  it  is  much  shallower  than 
it  really  is.  If  it  be  eight  feet  deep  in  reality,  it 
will  appear  from  the  bank  to  be  only  six  feet ; 
if  it  be  five  feet  and  a  half  deep,  it  will  ap- 
pear only  about  four  feet.  This  is  owing  to 
the  effects  of  refraction,  by  which  the  bottom 
of  the  river  is  apparently  raised  by  the  refrac- 
tion of  the  light  passing  through  the  water 
into  air,  so  as  to  make  the  bottom  appear 
higher  than  it  really  is,  as  in  the  experiment 
with  the  jar  of  water.  This  is  a  circumstance 
of  some  importance  to  be  known  and  attended 
to  in  order  to  personal  safety ;  for  many  school- 
boys and  other  young  persons  have  lost  their 
lives  by  attempting  to  ford  a  river,  the  bottom 
of  which  appeared  to  be  within  their  reach 
when  they  viewed  it  from  its  banks;  and 
even  adult  travellers  on  horseback  have  some- 
times fallen  victims  to  this  optical  deception ; 
and  this  is  not  the  only  case  in  which  a 
knowledge  of  the  laws  of  nature  may  be  use- 
ful in  guarding  us  against  dangers  and  fatal 
accidents. 

It  is  likewise  owing  to  this  refractive  power 
in  water  that  a  skilful  marksman,  who  wishes 
to  shoot  fish  under  water,  is  obliged  to  take 
aim  considerably  below  the  fish  as  it  appears, 
because  it  seems  much  nearer  the  top  of  the 
water  than  it  really  is.  An  acquaintance 
with  this  property  of  light  is  particularly  use- 
ful to  divers,  for,  in  any  of  their  movements 
or  operations,  should  they  aim  directly  at  the 
object,  they  would  arrive  at  a  point  consider- 
ably beyond  it ;  whereas,  by  having  some 
idea  of  the  depth  of  the  water,  and  the  angle 
which  a  line  drawn  from  the  eye  to  the  object 
makes  with  its  surface,  the  point  at  the  bottom 
of  the  water,  between  the  eye  and  the  object 
at  which  the  aim  is  to  be  taken,  may  be 
easily  determined.  For  the  same  reason,  a 
person  below  water  does  not  see  objects  dis- 
tinctly. For,  as  the  aqueous  humour  of  the 
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eye  has  the  same  refractive  power  as  water, 
the  rays  of  light  from  any  object  under  water 
will  undergo  no  refraction  in  passing  through 
the  cornea  and  aqueous  humour,  and  will 
therefore  meet  in  a  point  far  behind  the 
retina.  But  if  any  person,  accustomed  to  go 
below  water,  should  use  a  pair  of  spectacles, 
consisting  of  two  convex  lenses,  the  radius  of 
whose  surface  is  three  tenths  of  an  inch — 
which  is  nearly  the  radius  of  the  convexity 
of  the  cornea — he  will  see  objects  as  distinctly 
below  water  as  above  it. 

It  is  owing  to  refraction  that  we  cannot 
judge  so  accurately  of  magnitudes  and  dis- 
tances in  water  as  in  air.  A  fish  looks  con- 
siderably larger  in  water  than  when  taken 
out  of  it.  An  object  plunged  vertically  into 
water  always  appears  contracted,  and  the 
more  so  as  its  upper  extremity  approaches 
nearer  the  surface  of  the  water.  Everything 
remaining  in  the  same  situation,  if  we  take 
the  object  gradually  out  of  the  water,  and  it 
be  of  a  slender  form,  we  shall  see  it  become 
larger  and  larger,  by  a  rapid  developement,  aa 
it  were,  of  all  its  parts.  The  distortion  of 
objects,  seen  through  a  crooked  pane  of  glasr 
in  a  window,  likewise  arises  from  its  unequal 
refraction  of  the  rays  that  pass  through  it. 
It  has  been  calculated  that,  in  looking  through 
the  common  glass  of  a  window,  objects  appear 
about  the  one-thirtieth  of  an  inch  out  of  their 
real  place,  by  means  of  the  refraction. 

Refraction  likewise  produces  an  effect  upon 
the  heavenly  bodies,  so  that  their  apparent 
positions  are  generally  different  from  their 
real.  By  the  refractive  power  of  the  atmo- 
sphere, the  sun  is  seen  before  he  comes  to  the 
horizon  in  the  morning,  and  after  he  sinks  . 
beneath  it  in  the  evening ;  and  hence  this  lu- 
minary is  never  seen  in  the  place  in  which  it 
really  is,  except  when  it  passes  the  zenith  «it 
noon,  to  places  within  the  torrid  zone.  The 
sun  is  visible  when  actually  thirty-two  minutes 
of  a  degree  below  the  horizon,  and  when  the 
opaque  rotundity  of  the  earth  is  interposed 
between  our  eye  and  that  orb,  just  on  the 
same  principle  as,  in  the  experiment  with  the 
shilling  and  basin  of  water,  the  shilling  was 
seen  when  the  edge  of  the  basin  interposed 
between  it  and  the  sight.  The  refractive 
power  of  the  atmosphere  has  been  found  to 
be  much  greater,  in  certain  cases,  than  what 
has  been  now  stated.  In  the  year  159b,  a 
company  of  Dutch  sailors  having  been  wrecked 
on  the  shores  of  Nova  Zembla,  and  having 
been  obliged  to  remain  in  that  desolate  region 
during  a  night  of  more  than  three  months, 
beheld  the  sun  make  his  appearance  in  the 
horizon  about  sixteen  days  before  the  time  in 
which  he  should  have  risen  according  to  cal- 
culation, and  when  his  body  was  actually 
more  than  four  degrees  belo  v  the  horizon ; 
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which  circumstance  has  been  attributed  to 
the  great  refractive  power  of  the  atmosphere 
in  those  intensely  cold  regions.  This  refrac- 
tion of  the  atmosphere,  which  renders  the  ap- 
parent rising  and  setting  of  the  sun  both 
earlier  and  later  than  the  real,  produces,  at 
least,  one  important  beneficial  effect.  It  pro- 
cures for  us  the  benefit  of  a  much  longer  day, 
at  all  seasons  of  the  year,  than  we  should  en- 
joy did  not  this  property  of  the  atmosphere 
produce  this  effect.  It  is  owing  to  the  same 
cause  that  the  disks  of  the  sun  and  moon  ap- 
pear elliptical  or  oval  when  seen  in  the  hori- 
zon, their  horizontal  diameters  appearing 
longer  than  their  vertical,  which  is  caused  by 
the  greater  refraction  of  the  rays  coming  from 
the  lower  limb,  which  is  immersed  in  the  den- 
sest part  of  the  atmosphere. 

The  illumination  of  the  heavens  which 
precedes  the  rising  of  the  sun,  and  continues 
some  time  after  he  is  set,  or  what  is  commonly 
called  the  morning  and  evening  twilight,  is 
likewise  produced  by  the  atmospherical  re- 
fraction, which  circumstance  forms  a  very 
pleasing  and  beneficial  arrangement  in  the 
system  of  nature.  It  not  only  prolongs  to  us 
the  influence  of  the  solar  light,  and  adds 
nearly  two  hours  to  the  length  of  our  day, 
but  prevents  us  from  being  transported  all  at 
once  from  the  darkness  of  midnight  to  the 
splendour  of  noonday,  and  from  the  efful- 
gence of  day  to  the  gloom  and  horrors  of  the 
night,  which  would  bewilder  the  traveller  and 
navigator  in  their  journeys  by  sea  or  land, 
and  strike  the  living  world  with  terror  and 
amazement. 

The  following  figure  will  illustrate  the  po- 
sition now  stated,  and  the  manner  in  which 
the  refraction  of  the  atmosphere  produces 
these  effects:  Let  A  a  C,  fig.  4,  represent 
one-half  of  our  globe,  and  the  dark  space  be- 
tween that  curve  and  B  r  D,  the  atmosphere. 
A  person  standing  on  the  earth's  surface  at  a 
would  see  the  sun  rise  at  b,  when  that  lumi- 
nary was  in  reality  only  at  c,  more  than  half 


B    ^  C    D 

a  degree  below  the  horizon.  When  the  rays 
of  the  sun,  after  having  proceeded  irt  a  straight 
line  through  empty  space,  strike  the  upper 
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part  of  the  atmosphere  at  the  point  d,  they 
are  bent  out  of  their  right-lined  course  by  the 
refraction  of  the  atmosphere,  into  the  direction 
d  a,  so  that  the  body  of  the  sun,  though  ac- 
tually intercepted  by  the  curve  of  the  earth's 
convexity,  consisting  of  a  dense  mass  of  land 
or  water,  is  actually  beheld  by  the  spectator 
at  a.  The  refractive  power  of  the  atmosphere 
gradually  diminishes  from  the  horizon  to  the 
zenith,  and  increases  from  the  zenith  to  the 
horizon,  in  proportion  to  the  density  of  its 
different  strata,  being  densest  at  its  lower  ex- 
tremity next  the  earth,  and  more  rare  towards 
its  higher  regions.  If  a  person  at  a  had  the 
sun,  e,  in  his  zenith,  he  would  see  him  where 
he  really  is ;  for  his  rays  coming  perpendicu- 
larly through  the  atmosphere,  would  be 
equally  attracted  in  all  directions,  and  would, 
therefore,  suffer  no  inflection.  But,  about 
two  in  the  afternoon,  he  would  see  the  sun 
at  i,  though,  in  reality,  he  was  at  k,  thirty- 
three  seconds  lower  than  his  apparent  situa- 
tion. At  about  four  in  the  afternoon  lie 
would  see  him  at  m,  when  he  is  at  n,  one 
minute  and  thirty-eight  seconds  from  his  ap- 
parent situation.  But  at  six  o'clock,  when 
we  shall  suppose  he  sets,  he  will  be  seen  at  o, 
though  he  is  at  that  time  at  p,  more  than 
thirty-two  minutes  below  the  horizon.  These 
phenomena  arise  from  the  different  refractive 
powers  of  the  atmosphere  at  different  eleva- 
tions, and  from  the  obliquity  with  which  the 
rays  of  light  fall  upon  it ;  for  we  see  every 
object  along  that  line  in  which  the  rays  from 
it  are  directed  by  the  last  medium  through 
which  they  passed. 

The  same  phenomena  happen  in  relation 
to  the  moon,  the  planets,  the  comets,  the 
stars,  and  every  other  celestial  body,  all  of 
which  appear  more  elevated,  especially  when 
near  the  horizon,  than  their  true  places.  The 
variable  and  increasing  refraction  from  the 
zenith  to  the  horizon  is  a  source  of  considera- 
ble trouble  and  difficulty  in  making  astrono- 
mical observations,  and  in  nautical  calcula- 
tions; for,  in  order  to  determine  the  real 
altitudes  of  the  heavenly  bodies,  the  exact 
degree  of  refraction  at  the  observed  elevation 
must  be  taken  into  account.  To  the  same 
cause  we  are  to  ascribe  a  phenomenon  that 
has  sometimes  occurred,  namely,  that  the 
moon  has  been  seen  rising  totally  eclipsed, 
while  the  sun  was  still  visible  in  the  opposite 
quarter  of  the  horizon.  At  the  middle  of  a 
total  eclipse  of  the  moon,  the  sun  and  moon 
are  in  opposition,  or  180  degrees  asunder; 
and,  therefore,  were  no  atmosphere  surround- 
ing the  earth,  these  luminaries,  in  such  a  po- 
sition, could  never  be  seen  above  the  horizon 
at  the  same  time.  But,  by  the  refraction  of 
the  atmosphere  near  the  horizon,  the  bodies 
of  the  sun  and  moon  are  raised  more  than  32 
3  R  (745) 
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minutes  above  their  true  places,  which  is 
equal,  and  sometimes  more  than  equal,  to  the 
apparent  diameters  of  these  bodies. 

Extraordinary  Cases  of  Refraction  in  Rela- 
tion to  Terrestrial  Objects. 

In  consequence  of  the  accidental  conden- 
sation of  certain  strata  of  the  atmosphere, 
some  very  singular  effects  have  been  pro- 
duced in  the  apparent  elevation  of  terrestrial 
objects  to  a  position  much  beyond  that  in 
which  they  usually  appear.  The  following 
instance  rs  worthy  of  notice.  It  is  taken  from 
the  Philosophical  Transactions  of  London  for 
1798,  and  was  communicated  by  W.  Latham, 
Esq.,  F.R.S.,  who  observed  the  phenomenon 
from  Hastings,  on  the  south  coast  of  Eng- 
land: "On  July  26,  1797,  about  five  o'clock 
in  the  afternoon,  as  I  was  sitting  in  my 
dining-room  in  this  place,  which  is  situated 
upon  the  Parade,  close  to  the  seashore,  nearly 
fronting  the  south,  my  attention  was  excited 
by  a  number  of  people  running  down  to  the 
seaside.  Upon  inquiring  the  reason,  I  was 
informed  that  the  coast  of  France  was  plainly 
to  be  distinguished  by  the  naked  eye.  I  im- 
mediately went  down  to  the  shore,  and  was 
surprised  to  find  that,  even  without  the  as- 
sistance of  a  telescope,  I  could  very  plainly 
see  the  cliffs  on  the  opposite  coast,  which,  at 
the  nearest  part,  are  between  forty  and  fifty 
miles  distant,  and  are  not  to  be  discerned 
from  that  low  situation  by  the  aid  of  the  best 
glasses.  They  appeared  to  be  only  a  few 
miles  off,  and  seemed  to  extend  for  some 
leagues  along  the  coast.  I  pursued  my  walk 
along  the  shore  eastward,  close  to  the  water's 
edge,  conversing  with  the  sailors  and  fisher- 
men upon  the  subject.  They  at  first  would 
not  be  persuaded  of  the  reality  of  the  appear- 
ance; but  they  soon  became  so  thoroughly 
convinced  by  the  cliffs  gradually  appearing 
more  elevated,  and  approaching  nearer,  as  it 
were,  that  they  pointed  out  and  named  to  me 
the  different  places  they  had  been  accustomed 
to  visit,  such  as  the  Bay,  the  Old  Head,  or 
Man,  the  Windmill,  &c.,  at  Boulogne,  St. 
Vallery,  and  other  places  on  the  coast  of  Pi- 
cardy,  which  they  afterward  confirmed,  when 
they  viewed  them  through  their  telescopes. 
Their  observations  were,  that  the  places  ap- 
peared as  near  as  if  they  were  sailing,  at  a 
small  distance,  into  the  harbours.  The  day 
on  which  this  phenomenon  was  seen  was  ex- 
tremely hot ;  it  was  high  water  at  Hastings 
about  two  o'clock  P.M.,  and  not  a  breath  of 
wind  was  stirring  the  whole  day."  From 
the  summit  of  an  adjacent  hill,  a  most  beauti- 
ful scene  is  said  to  have  presented  itself.  At 
one  glance  the  spectators  could  see  Dunge- 
ness,  Dover  Cliffs,  and  the  French  coast,  all 
•long  from  Calais  to  St.  Vallery,  and,  as  some 
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affirmed,  as  far  to  the  westward  as  Dieppe, 
which  could  not  be  much  less  than  eighty  or 
ninety  miles.  By  the  telescope  the  French 
fishing-boats  were  plainly  seen  at  anchor,  and 
the  different  colours  of  the  land  on  the 
heights,  with  the  buildings,  were  perfectly 
discernible. 

This  singular  phenomenon  was  doubtless* 
occasioned  by  an  extraordinary  refraction, 
produced  by  an  unusual  expansion  or  conden- 
sation of  the  lower  strata  of  the  atmosphere, 
arising  from  circumstances  connected  with  the 
extreme  heat  of  the  season.  The  objects 
seem  to  have  been  apparently  raised  far  above 
their  natural  positions ;  for,  from  the  beach  at 
Hastings,  a  straight  line,  drawn  across  towards 
the  French  coast,  would  have  been  intercepted 
by  the  curve  of  the  waters.  They  seem,  also, 
to  have  been  magnified  by  the  refraction,  and 
brought,  apparently,  four  or  five  times  nearer 
the  eye,  than  in  the  ordinary  state  of  the  at- 
mosphere. 

The  following  are  likewise  instances  of  un- 
usual refraction :  When  Captain  Colby  was 
ranging  over  the  coast  of  Caithness,  with  the 
telescope  of  his  great  Theodolite,  on  the  21st 
of  June,  1819,  at  eight  o'clock,  P.M.,  from 
Corryhabbie  Hill,  near  Mortlich,in  Banffshire, 
he  observed  a  brig  over  the  land  of  Caithness, 
sailing  to  the  westward  in  the  Pentland  Frith, 
between  the  Dunnet  and  Duncansby  heads. 
Having  satisfied  himself  as  to  the  fact,  he  re- 
quested his  assistants,  Lieutenants  Robe  and 
Dawson,  to  look  through  the  telescope,  which 
they  immediately  did,  and  observed  the  brig 
likewise.  It  was  very  distinctly  visible  for 
several  minutes,  while  the  party  continued  to 
look  at  it,  and  to  satisfy  themselves  as  to  its 
position.  The  brig  could  not  have  been  less 
than  from  ninety  to  one  hundred  miles  dis- 
tant ;  and,  as  the  station  on  Corryhabbie  is 
not  above  850  yards  above  the  sea,  the  phe- 
nomenon is  interesting.  The  thermometer 
was  at  44°.  The  night  and  day  preceding 
the  sight  of  the  brig  had  been  continually 
rainy  and  misty,  and  it  was  not  till  seven 
o'clock  of  the  evening  of  the  21st  that  the 
clouds  cleared  off  the  hill.* 

Captain  Scoresby  relates  a  singular  pheno- 
menon of  this  kind,  which  occurred  while  he 
was  traversing  the  Polar  seas.  His  ship  had 
been  separated  by  the  ice  from  that  of  his 
father  for  a  considerable  time,  and  he  was 
looking  out  for  her  every  day  with  great  anx- 
iety. At  length,  one  evening,  to  his  utter 
astonishment,  he  saw  her  suspended  in  the 
air,  in  an  inverted  position,  traced  on  the  ho- 
rizon in  the  clearest  colours,  and  with  the 
most  distinct  and  perfect  representation.  He 
sailed  in  the  direction  in  which  he  saw  this 

*  Edinburgh  Philosophical  Journal  for  October, 
1819,  p.  411. 
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visionary  phenomenon,  and  actually  found  his 
father's  vessel  by  its  indication.  He  was  di- 
vided from  him  by  immense  masses  of  icebergs, 
and  at  such  a  distance  that  it  was  quite  im- 
possible to  have  seen  the  ship  in  her  actual 
situation,  or  to  have  seen  her  at  all,  if  her 
spectrum  had  not  been  thus  raised  several  de- 
grees above  the  horizon  into  the  sky  by  this 
extraordinary  refraction.  She  was  reckoned 
to  be  seventeen  miles  beyond  the  visible  ho- 
rizon, and  thirty  miles  distant. 

Mrs.  Somerville  states  that  a  friend  of  hers, 
while  standing  on  the  plains  of  Hindostan, 
saw  the  whole  upper  chain  of  the  Himalaya 
Mountains  start  into  view,  from  a  sudden 
change  in  the  density  of  the  air,  occasioned 
by  a  heavy  shower,  after  a  long  course  of  dry 
and  hot  weather.  In  looking  at  distant  ob- 
jects through  a  telescope,  over  the  top  of  a 
ridge  of  hills,  about  two  miles  distant,  I  have 
several  times  observed  that  some  of  the  more 
distant  objects  which  are  sometimes  hid  by 
the  interposition  of  a  ridge  of  hills,  are  at 
other  times  distinctly  visible  above  them.  I 
have  sometimes  observed  that  objects  near  the 
middle  of  the  field  of  view  of  a  telescope, 
which  was  in  a  fixed  position,  have  suddenly 
appeared  to  descend  to  the  lower  part,  or  as- 
cend to  the  upper  part  of  the  field,  while  the 
telescope  remained  unaltered.  I  have  like- 
wise seen,  with  a  powerful  telescope,  the  Bell 
Rock  Lighthouse,  at  the  distance  of  about 
twenty  miles,  to  appear  as  if  contracted  to 
less  than  two-thirds  of  its  usual  apparent 
height,  while  every  part  of  it  was  quite  dis- 
tinct and  well  defined,  and  in  the  course  of 
an  hour,  or  less,  appeared  to  shoot  up  to  its 
usual  apparent  elevation — all  which  pheno- 
mena are  evidently  produced  by  the  same 
cause  to  which  we  have  been  adverting. 

Such  are  some  of  the  striking  effects  pro- 
duced by  the  refraction  of  light.  It  enables 
us  to  see  objects  in  a  direction  where  they  are 
not ;  it  raises,  apparently,  the  bottoms  of  lakes 
and  rivers;  it  magnifies  objects  when  their 
light  passes  through  dense  mediums ;  it  makes 
the  sun  appear  above  the  horizon  when  he  is 
actually  below  it,  and  thus  increases  the 
length  of  our  day ;  it  produces  the  Aurora 
and  the  evening  twilight,  which  forms,  in 
many  instances,  the  most  delightful  part  of  a 
summer  day ;  it  prevents  us  from  being  in- 
volved in  total  darkness,  the  moment  after  the 
sun  has  descended  beneath  the  hcH*on  ;  it 
modifies  the  appearances  of  the  celestial 
bodies,  and  the  directions  in  which  they  are 
beheld  ;  it  tinges  the  sun,  moon,  and  stars,  as 
well  as  the  clouds,  with  a  ruddy  hue  when 
near  the  horizon :  it  elevates  the  appearance 
of  terrestrial  objects,  and,  in  certain  extraor- 
dinary cases,  brings  them  nearer  to  our  view, 
and  enables  us  to  behold  them  when  beyond 


the  line  of  our  visible  horizon.  In  combina- 
tion with  the  power  of  reflection,  it  creates 
visionary  landscapes,  and  a  variety  of  gro- 
tesque and  extraordinary  appearances,  which 
delight  and  astonish,  and  sometimes  appal  the 
beholders.  In  short,  as  we  shall  afterwards 
see  more  particularly,  the  refraction  of  light 
through  glasses  of  different  figures  forms  the 
principle  on  which  telescopes  and  microscopes 
are  constructed,  by  which  both  the  remote 
and  the  minute  wonders  of  creation  have  been 
disclosed  to  view.  So  that,  had  there  been  no 
bodies  capable  of  refracting  the  rays  of  light, 
we  should  have  remained  for  ever  ignorant 
of  many  sublime  and  august  objects  in  the 
remote  regions  of  the  universe,  and  of  the 
admirable  mechanism  and  the  countless  variety 
of  minute  objects  which  lie  beyond  the  range 
of  the  unassisted  eye  in  our  lower  creation, 
all  of  which  are  calculated  to  direct  our  views, 
and  to  enlarge  our  conceptions  of  the  Almighty 
Creator. 

In  the  operation  of  the  law  of  refraction  in 
these  and  numerous  other  instances,  we  have 
a  specimen  of  the  diversified  and  beneficent 
effects  which  the  Almighty  can  produce  by 
the  agency  of  a  single  principle  in  nature. 
By  the  influence  of  the  simple  law  of  gravita- 
tion the  planets  are  retained  in  their  orbits, 
the  moon  directed  in  her  course  around  the 
earth,  and  the  whole  of  the  bodies  connected 
with  the  sun  preserved  in  one  harmonious 
system.  By  the  same  law  the  mountains  of 
our  globe  rest  on  a  solid  basis,  the  rivers  flow 
through  the  plains  towards  the  seas,  the  ocean 
is  confined  to  its  prescribed  boundaries,  and 
the  inhabitants  of  the  earth  are  retained  to  its 
surface,  and  prevented  from  flying  upwards 
through  the  voids  of  space.  In  like  manner, 
the  law  by  which  light  is  refracted  produces  a 
variety  of  beneficial  effects  essential  to  the  pre- 
sent constitution  of  our  world  and  the  com- 
fort of  its  inhabitants.  When  a  ray  of  light 
enters  obliquely  into  the  atmosphere,  instead 
of  passing  directly  through,  it  bends  a  little 
downward,  so  that  the  greater  portion  of  the 
rays  which  thus  enter  the  atmospheric  mass 
descend  by  inflection  to  the  earth.  We  then 
enjoy  the  benefits  of  that  light  which  would 
otherwise  have  been  totally  lost.  We  per- 
ceive the  light  of  day  an  hour  before  the  so- 
lar orb  makes  its  appearance,  and  a  portion 
of  its  light  is  still  retained  when  it  has  de- 
scended nearly  eighteen  degrees  below  our 
horizon.  We  thus  enjoy,  throughout  the 
year,  seven  hundred  and  thirty  hours  of  light 
which  would  have  been  lost  had  it  not  been 
refracted  down  upon  us  from  the  upper  re- 
gions of  the  atmosphere.  To  the  inhabitants 
of  the  polar  regions  this  effect  is  still  more  in- 
teresting and  beneficial.  Were  it  not  for 
their  twilight,  they  would  be  involved,  for  a 

(747) 


THE  PRACTICAL  ASTRONOMER. 


much  longer  period  than  they  now  are,  in  per- 
petual darkness  ;  but  by  the  powerful  refrac- 
tion of  light  which  takes  place  in  the  frigid 
zones,  the  day  sooner  makes  its  appearance 
towards  spring,  and  their  long  winter  nights 
are,  in  certain  cases,  shortened  by  the  period 
of  thirty  days.  Under  the  poles,  where  the 
darkness  of  night  would  continue  six  months 
without  intermission,  if  there  were  no  refrac- 
tion, total  darkness  does  not  prevail  dur- 
ing the  one  half  of  this  period.  When  the 
sun  sets,  at  the  north  pole,  about  the  23d  of 
September,  the  inhabitants  (if  any")  enjoy  a 
perpetual  aurora  till  he  has  descended  eighteen 
degrees  below  the  horizon.  In  his  course 
through  the  ecliptic  the  sun  is  two  months 
before  he  can  reach  this  point,  during  which 
time  there  is  a  perpetual  twilight.  In  two 
months  more  he  arrives  again  at  the  same 
point,  namely,  eighteen  degrees  below  the 
horizon,  when  a  new  twilight  commences, 
which  is  continually  increasing  in  brilliancy 
for  other  two  months,  at  the  end  of  which  the 
body  of  this  luminary  is  seen  rising  in  all  its 
glory.  So  that,  in  this  region,  the  light  of 
day  is  enjoyed  in  a  greater  or  less  degree,  for 
ten  months  without  interruption  by  the  effects 
of  atmospheric  refraction;  and,  during  the 
two  months  when  the  influence  of  the  solar 
light  is  entirely  withdrawn,  the  moon  is  shining 
above  the  horizon  for  two  half  months  without 
intermission ;  and  thus  it  happens  that  no 
more  than  two  separate  fortnights  are  passed  in 
absolute  darkness ;  and  this  darkness  is  allevi- 
ated by  the  light  of  the  stars  and  the  frequent 
coruscations  of  the  Aurora  Borealis.  Hence 
it  appears  that  there  are  no  '  portions  of  our 
globe  that  enjoy,  throughout  the  year,  so 
large  a  portion  of  the  solar  light  as  these 
northern  regions,  which  is  chiefly  owing  to  the 
refraction  of  the  atmosphere. 

The  refraction  of  light  by  the  atmosphere, 
combined  with  its  power  of  reflecting  it,  is 
likewise  the  cause  of  that  universal  light  and 
splendour  which  appears  on  all  the  objects 
around  us.  Were  the  earth  disrobed  of  its 
atmosphere,  and  exposed  naked  to  the  solar 
beams,  in  this  case  we  might  see  the  sun 
without  having  day,  strictly  so  called.  His 
rising  would  not  be  preceded  by  any  twilight 
as  it  now  is.  The  most  intense  darkness 
would  cover  us  till  the  very  moment  of  his 
rising;  he  would  then  suddenly  break  out 
from  under  the  horizon  with  the  same  splen- 
dour he  would  exhibit  at  the  highest  part  of 
of  his  course,  and  would  not  change  his 
brightness  till  the  very  moment  of  his  setting, 
when,  in  an  instant,  all  would  be  black  as  the 
darkest  night.  At  noonday  we  should  see 
the  sun  like  an  intensely -brilliant  globe  shining 
in  a  sky  as  black  as  ebony,  like  a  clear  fire  in 
the  night  seen  in  the  midst  of  an  extensive 
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field,  and  his  rays  would  show  us  the  adjacent 
objects  immediately  around  us :  but  the  rays 
which  fall  on  the  object  remote  from  us  would 
be  for  ever  lost  in  the  expanse  of  the  heavens. 
Instead  of  the  beautiful  azure  of  the  sky,  and 
the  colours  which  distinguish  the  face  of  na- 
ture by  day,  we  should  see  nothing  but  an 
abyss  of  darkness,  and  the  stars  shining  from 
a  vault  as  dark  as  chaos.  Thus  there  would 
be  no  day,  such  as  we  now  enjoy,  without  the 
atmosphere :  since  it  is  by  the  refraction  and 
reflections  connected  with  this  aerial  fluid  that 
light  is  so  modified  and  directed  as  to  produce 
all  that  beauty,  splendour,  and  harmony  which 
appear  on  the  concave  of  the  sky,  and  on  the 
objects  which  diversify  our  terrestrial  abode. 

The  effect  of  refraction,  in  respect  to  ter- 
restrial objects,  is  likewise  of  a  beneficial  na- 
ture. The  quantity  of  this  refraction  is  esti- 
mated by  Dr.  Maskelyne  at  one-tenth  of  the 
distance  of  the  object  observed,  expressed  in 
degrees  of  a  great  circle.  Hence,  if  the  dis- 
tance be  10,000  fathoms,  its  tenth  part  1000 
fathoms,  is  the  sixtieth  part  of  a  degree,  or 
one  minute,  which  is  the  refraction  in  altitude, 
Le  Gendre  estimates  it  at  one-fourteenth,  De 
Lambre  at  one-eleventh,  and  others  at  a 
twelfth  of  the  distance ;  but  it  must  be  sup- 
posed to  vary  at  different  times  and  places  ac- 
cording to  the  varying  state  of  the  atmosphere. 
This  refraction,  as  it  makes  objects  appear  to 
be  raised  higher  than  they  really  are,  enlarges 
the  extent  of  our  landscapes,  and  enables  us 
to  perceive  distant  objects  which  would  other- 
wise have  been  invisible.  It  is  particularly 
useful  to  the  navigator  at  sea.  It  is  one  im- 
portant object  of  the  mariner,  when  traversing 
his  course,  to  look  out  for  capes  and  headlands, 
rocks,  and  islands,  so  as  to  descry  them  as 
soon  as  they  are  within  the  reach  of  his  eye. 
Now,  by  means  of  refraction,  the  tops  of  hills 
and  the  elevated  parts  of  coasts  are  apparently 
raised  into  the  air,  so  that  they  may  be  dis- 
covered several  leagues  further  off  on  the  sea 
than  they  would  be  did  no  such  refractive 
power  exist.  This  circumstance  is  therefore 
a  considerable  benefit  to  the  science  of  navi- 
gation, in  enabling  the  mariner  to  steer  his 
course  aright,  and  to  give  him  the  most  early 
warning  of  the  track  he  ought  to  take,  or  of 
the  dangers  to  which  he  may  be  exposed. 

In  short,  the  effects  produced  by  the  refrac- 
tion and  reflection  of  light  on  the  scenery  con- 
nected -\ith  our  globe  teach  us  that  these 
principles,  in  the  hand  of  the  Almighty, 
might  be  so  modified  and  directed  as  to  pro- 
duce the  most  picturesque,  the  most  glorious, 
and  wonderful  phenomena,  such  as  mortal 
eyes  have  never  yet  seen,  and  of  which  human 
imagination  can  form  no  conception ;  and  in 
other  worlds,  more  resplendent  and  magnifi- 
cent than  ours,  such  scenes  may  be  fully 
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realized,  in  combination  with  the  operation  of  may  be  reflected  and  refracted  through  differ- 

physical   principles  and  agents  with   which  ent  mediums,  in  such  a  manner  as  to  present 

we  are  at  present  unacquainted.     From  what  to  the  view  of  their  inhabitants  the  prominent 

we  already  kc^w  of  the  effects  of  the  reflec-  scenes  connected  with  distant  systems    and 

tion  and  the  refraction  of  light,  it  is  not  be-  worlds,  and  to  an  extent  as  shall  infinitely 

yond  the  bounds  of  probability  to  suppose  surpass   the   effects   produced   by   our   most 

that,  in  certain  regions  of  the  universe,  light  powerful  telescopes. 


CHAPTER  III. 

On  the  Refraction  of  Light  through  spherical  transparent  substances,  or  lenses. 


IT  is  to  the  refraction  of  light  that  we  are 
indebted  for  the  use  of  lenses  or  artificial 
glasses  to  aid  the  powers  of  the  vision.  It 
lays  the  foundation  of  telescopes,  microscopes, 
camera  obscuras,  phantasmagorias,  and  other 
optical  instruments,  by  which  so  many  beau- 
tiful, useful,  and  wonderful  effects  have  been 
produced.  In  order,  therefore,  to  illustrate 
the  principles  on  which  such  instruments  are 
constructed,  it  is  necessary  to  explain  the 
manner  in  which  the  rays  of  light  are  refracted 
and  modified  when  passing  through  spherical 
mediums  of  different  forms.  I  do  not  intend, 
however,  to  enter  into  the  minutiae  of  this 
subject,  nor  into  any  abstract  mathematical 
demonstrations,  but  shall  simply  offer  a  few 
explanations  of  general  principles,  and  seve- 
ral experimental  illustrations,  which  may 
enable  the  general  reader  to  understand  the 
construction  of  the  optical  instruments  to  be 
afterwards  described. 

A  lens  is  a  transparent  substance  of  a  dif- 
ferent density  from  the  surrounding  medium, 
and  terminating  in  two  surfaces,  either  both 
spherical,  or  one  spherical  and  the  other  plain. 
It  is  usually  made  of  glass,  but  may  also  be 
formed  of  any  other  transparent  substance, 
as  ice,  crystal,  diamonds,  pebbles,  or  fluids 
of  different  densities  and  refractive  powers, 
inclosed  between  concave  glasses.  Lenses  are 
ground  into  various  forms,  according  to  the 
purpose  they  are  intended  to  serve.  They 
may  be  generally  distinguished  as  being  either 
convex  or  concave.  A  convex  glass  is  thickest 
in  the  middle,  and  thinner  towards  the  ex- 
tremities. Of  these  there  are  various  forms, 
which  are  represented  in  fig.  5.  A  is  ^plano- 
convex lens,  which  has  one  side  plane,  and 
the  other  spherical  or  convex.  B  is  a  piano- 
concave,  which  is  plane  on  the  one  side  and 
concave  on  the  other.  C  is  a  double-convex, 
or  one  which  is  spherical  on  both  sides.  D,  a 
doubk-concave,  or  concave  on  both  sides.  E 
is  called  a  meniscus,  which  is  convex  on  one 
side  and  concave  on  the  other.  F  is  a  con- 
cavo-convex, the  convex  side  of  which  is  of  a 
smaller  sphere  than  the  concave.  In  regard 
to  the  degree  of  convexity  or  concavity  in 


lenses,  it  is  evident  that  there  may  be  almost 
an  infinite  variety.  For  every  convex  surface 

Fig.  5. 
Plano-convex. 

Plano-concave. 
Double  Convex. 
Double  Concave. 

Meniscus. 

Concavo-convex. 

is  to  be  considered  as  the  segment  of  a  circle, 
the  diameter  and  the  radius  of  which  may 
vary  to  almost  any  extent.  Hence  lenses  have 
been  formed  by  opticians,  varying  from  one-fif- 
tieth of  an  inch  in  radius  to  two  hundred  feet. 
When  we  speak  of  the  length  of  the  radius  of 
a  lens,  as,  for  instance,  when  we  say  that  a 
lens  is  two  inches  or  forty  inches  radius,  we 
mean  that  the  convex  surface  of  the  glass  ia 
the  part  of  a  circle,  the  radius  of  which,  or 
half  the  diameter,  is  two  inches  or  forty  inches ; 
or,  in  other  words,  were  the  portion  of  the 
sphere  on  which  it  is  ground  formed  into  a 
globe  of  corresponding  convexity,  it  would  be 
four  inches  or  eighty  inches  in  diameter. 

The  axis  of  a  lens  is  a  straight  line  drawn 
through  the  centre  of  its  spherical  surface ; 
and,  as  the  spherical  sides  of  every  lens  are 
arches  of  circles,  the  axis  of  the  lens  would 
pass  through  the  centre  of  that  circle  of  which 
its  sides  are  segments.  Rays  are  those  ema- 
nations of  light  which  proceed  from  a  luminous 
body,  or  from  a  body  that  is  illuminated. 
The  Radiant  is  that  body  or  object  which 
emits  the  rays  of  light,  whether  it  be  a  self- 
luminous  body,  or  one  that  only  reflects  the 
rays  of  light.  Rays  may  proceed  from  a 
Radiant  in  different  directions.  They  may 
be  either  parallel,  converging,  or  diverging. 
Parallel  rays  are  those  which  proceed  equally 
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Fig.  11.         Fig.  9. 


distant  from  each  other  through  their  whole    rays.     The  converging  rays  here  represented 

course.     Rays  proceeding  from  the  sun,  the    may  be  conceived  as  having  been  refracted  by 

planets,  the  stars,  and  distant  terrestrial  ob- 

jects are  considered   as  parallel,  as  in  fig.  6. 

Converging  rays  are  such  as,  proceeding  from 

a  body,  approach  nearer  and  nearer  in  their 

progress,  tending  to  a  certain  point  where 

they  ;.ll   unite.     Thus,  the  rays  proceeding 

from  the  object  A  B  (fig  7)  to  the  point  F, 

are  said  to  converge  towards  that  point.    AH 


Fig.  6. 


Fig.  8. 


convex  glasses  cause  parallel  rays  which  fall 
upon  them  to  converge,  in  a  greater  or  less 
degree  ;  and  they  render  converging  rays  still 
more  convergent.  If  A  B,  fig.  7,  represent  a 
convex  lens,  and  H  G  I  parallel  rays  falling 
upon  it,  they  will  be  refracted,  and  converge 
towards  the  point  F,  which  is  called  the 
focus,  or  burning  point ;  because,  when  the 
sun's  rays  are  thus  converged  to  a  point  by  a 
large  lens,  they  set  on  fire  combustible  sub- 
stances. In  this  point  the  rays  meet  and  in- 
tersect each  other.  Diverging  rays  are 
those  which,  proceeding  from  any  point,  as 
A,  fig  8,  continually  recede  from  each  other 
as  they  pass  along  in  their  course  towards  B 
C.  All  the  rays  which  proceed  from  near 
objects,  as  a  window  in  a  room,  or  an  adjacent 
house  or  garden,  are  more  or  less  divergent. 
The  following  figures  show  the  effects  of 
parallel,  converging,  and  diverging  rays,  in 
passing  through  a  double  convex  lens : 

Fig.  9  shows  the  effects  of  parallel  rays, 
K  A,  D  E,  L  B,  falling  on  a  convex  glass, 
A  B.  The  rays  which  fall  near  the  extremi- 
ties at  A  and  B  are  bent  or  refracted  towards 
C  F,  the  focus,  and  centre  of  convexity.  It 
will  be  observed  that  they  are  less  refracted 
as  they  approach  the  centre  of  the  lens,  and 
the  central  ray  DEC,  which  is  called  the 
axis  of  the  lens,  and  which  passes  through 
its  centre,  suffers  no  refraction.  Fig.  10  ex- 
hibits the  course  of  converging  rays  when 
passing  through  a  similar  lens.  In  this  case, 
the  rays  converge  to  a  focus  nearer  to  the 
lens  than  the  centre ;  for  a  convex  lens  uni- 
formly increases  the  convergence  of  converging 
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another  convex  lens  of  a  longer  focus,  and, 
passing  on  towards  a  point  of  convergence, 
were  intercepted  by  the  lens  A  B.  The 
point  D  is  the  place  where  the  rays  would 
have  converged  to  a  focus,  had  they  not  been 
thus  intercepted.  Fig.  11  represents  the 
course  of  diverging  rays  when  falling  on  a 
double  convex  glass.  In  this  case,  the  rays 
D  B,  D  A,  &c.,  after  passing  through  the 
lens,  converge  to  a  focus  at  a  point  consider- 
ably further  from  the  lens  than  its  centre,  as 
at  F.  Such  rays  must  be  considered  as  pro- 
ceeding from  near  objects,  and  the  fact  may 
be  illustrated  by  the  following  experiment : 
Take  a  common  reading  glass,  and  hold  it  in 
the  rays  of  the  sun,  opposite  a  sheet  of  writing 
paper  or  a  white  wall,  and  observe  at  what 
distance  from  the  glass  the  rays  on  the  paper 
converge  to  a  small,  distinct  white  spot.  This 
distance  gives  the  focal  length  of  the  lens  by 
parallel  rays.  If  now  we  hold  the  glass  with- 
in a  few  feet  of  a  window,  or  a  burning  candle, 
and  receive  its  image  on  the  paper,  the  focal 
distance  of  the  image  from  the  glass  will  be 
found  to  be  longer.  If,  in  the  former  case, 
the  focal  distance  was  twelve  inches,  in  the 
latter  case  it  will  be  thirteen,  fifteen,  or  six- 
teen inches,  according  to  the  distance  of  the 
window  or  the  candle  from  the  glass. 

If  the  lens  A  B,  fig.  9,  on  which  parallel 
rays  are  represented  as  falling,  were  a  plano- 
convex, as  represented  at  A.  fig.  5,  the  rays 
would  converge  to  a  point  P,  at  double  the 
radius,  or  the  whole  diameter  of  the  sphere 
of  which  it  is  a  segment  If  the  thickness  of 
a  plano-convex  be  considered,  and  if  it  be  ex- 
posed on  its  convex  side  to  parallel  rays,  as 
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those  of  the  sun,  the  focus  will  be  at  the  dis- 
tance of  twice  the  radius,  wanting  two-thirds 
of  the  thickness  of  the  lens.  But  if  the  same 
lens  be  exposed  with  its  plane  side  to  parallel 
rays,  the  focus  will  then  be  precisely  at  the 
distance  of  twice  the  radius  from  the  glass. 

The  effects  of  concave  lenses  are  directly 
opposite  to  those  of  convex.  Parallel  rays, 
striking  one  of  those  glasses,  instead  of  con- 
verging towards  a  point,  are  made  to  diverge. 
Rays  already  divergent  are  rendered  more 
so,  and  convergent  rays  are  made  less  con- 
vergent. Hence  objects  seen  through  con- 
cave glasses  appear  considerably  smaller  and 
more  distant  than  they  really  are.  The 
following  diagram,  fig.  12,  represents  the 
course  of  parallel  rays  through  a  double  con- 
cave lens,  where  the  parallel  rays  T  A,  D  E, 
I B,  &c.,  when  passing  through  the  concave 
glass  A  B,  diverge  into  the  rays  G  L,  E  C, 
H  P,  &c.,  as  if  they  proceeded  from  F,  a 
point  before  the  lens,  which  is  the  principal 
focus  of  the  lens : 


Fig.  12. 


Parallel, 
2ia-ys 


12,)  represent  the  diameter  of  the  hole,  and 
g,  i,  the  diameter  of  the  circle,  then  the  dis- 
tance C,  /,  is  the  virtual  focus  of  the  lens.* 

The  meniscus,  represented  at  E,  fig.  5,  is 
like  the  crystal  of  a  common  Watch,  and,  as 
the  convexity  is  the  same  as  the  concavity,  it 
neither  magnifies  nor  diminishes.  Sometimes, 
however,  it  is  made  in  the  form  of  a  crescent, 
as  at  F,  fig.  5,  and  is  called  a  concavo-convex 
lens;  and,  when  the  convexity  is  greater 
than  the  concavity,  or  when  it  is  thickest  in 
the  middle,  it  acts  nearly  in  the  same  way  as 
a  double  or  plano-convex  lens  of  the  same 
focal  distance. 

Of  the  IMAGES  formed  by  Convex  Lenses. 

It  is  a  remarkable  circumstance,  and  which 
would  naturally  excite  admiration,  were  it  not 
so  common  and  well  known,  that  when  the 
rays  of  light  from  any  object  are  refracted 
through  a  convex  lens,  they  paint  a  distinct 
and  accurate  picture  of  the  object  before  it, 
in  all  its  colours,  shades,  and  proportions. 
Previous  to  experience,  we  could  have  had  no 
conception  that  light,  when  passing  through 
such  substances,  and  converging  to  a  point, 
could  have  produced  so  admirable  an  effect — 
an  effect  on  which  the  construction  and  utility 
of  all  our  optical  instruments  depend.  The 
following  figure  will  illustrate  this  position : 

Fig.  13. 


The  principal  focal  distance,  E  F,  is  the 
same  as  in  convex  lenses.  Concave  glasses 
are  used  to  correct  the  imperfect  vision  of 
short-sighted  persons.  As  the  form  of  the 
eye  of  such  persons  is  too  convex,  the  rays 
are  made  to  converge  before  they  reach  the 
optic  nerve ;  and  therefore  a  concave  glass, 
causing  a  little  divergency,  assists  this  defect 
of  vision,  by  diminishing  the  effect  {induced 
by  the  too  great  convexity  of  the  eye,  and 
lengthening  its  focus.  These  glasses  are  sel- 
dom used,  in  modern  times,  in  the  construc- 
tion of  optical  instruments,  except  as  eye- 
glasses for  small  pocket  perspectives,  and 
opera-glasses. 

To  find  the  focal  distance  of  a  concave 
glass.  Take  a  piece  of  pasteboard  or  card 
paper,  and  cut  a  round  hole  in  it,  not  larger 
than  the  diameter  of  the  lens ;  and  on  another 
piece  of  pasteboard  describe  a  circle  whose 
diameter  is  just  double  the  diameter  of  the 
hole.  Then  apply  the  piece  with  the  hole  in 
it  to  the  lens,  and  hold  them  in  the  sunbeams, 
with  the  other  piece  at  such  a  distance  behind 
that  the  light  proceeding  from  the  hole  may 
spread  or  diverge  so  as  precisely  to  fill  the 
circle ;  then  the  distance  of  the  circle  from 
the  lens  is  equal  to  its  virtual  focus,  or  to  its 
radius,  if  it  be  a  double  concave,  and  to  its 
diameter,  if  a  plano-concave.  Let  d,  e  (fig. 


Let  L  N  represent  a  double  convex  lens, 
A,  C,  a  its  axis,  and  0  B  an  object  perpen- 
dicular to  it.  A  ray  passing  from  the  ex- 
tremity of  the  object  at  0,  after  being  refracted 
by  the  lens  at  F,  will  pass  on  in  the  direction 
F  I,  and  form  an  image  of  that  part  of  the 
object  at  /.  This  ray  will  be  the  axis  of  all 
the  rays  which  fall  on  the  lens  from  the  point 
0,  and  I  will  be  the  focus  where  they  will  all 
be  collected.  In  like  manner,  B  C  Mis  the 
axis  of  that  parcel  of  rays  which  proceed  from 

*  This  mode  of  finding  the  focus  of  a  concave 
lens  may  he  varied  as  follows  :  Let  the  lens  he 
covered  with  paper,  having  two  small  circtilir 
holes  ;  and,  on  the  paper  for  receiving  the  light, 
describe  also  two  small  circles,  but  with  their 
centres  at  twice  the  distance  from  each  other  of 
the  centres  of  the  circles.  Then  move  the  paper 
to  and  from,  till  the  middle  of  the  sun's  light, 
coming  through  the  holes,  falls  exactly  on  the 
middle  of  the  circles  ;  that  distance  of  the  paper 
from  Ihe  lens  will  be  the  focal  length  required.  - 
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the  extremity  of  the  object  B,  and  their  focus 
will  be  at  M\  and  since  all  the  points  in  the 
object  between  0  and  B  must  necessarily 
have  their  foci  between  /  and  M  a  complete 
picture  of  the  points  from  which  they  come 
will  be  depicted,  and  consequently  an  image 
of  the  whole  object  0  B. 

It  is  ovious,  from  the  figure,  that  the  image 
of  the  object  is  formed  in  the  focus  of  the  lens 
in  an  inverted  position.  It  must  necessarily 
be  in  this  position,  as  the  rays  cross  at  C,  the 
centre  of  the  lens ;  and  as  it  is  impossible  that 
the  rays  from  the  upper  part  of  the  object,  0, 
can  be  carried  by  refraction  to  the  upper  end 
of  the  image  at  M.  This  is  a  universal  prin- 
ciple in  relation  to  convex  lenses  of  every  de- 
scription, and  requires  to  be  attended  to  in 
the  construction  and  use  of  all  kinds  of  tele- 
scopes and  microscopes.  It  is  easily  illustrated 
by  experiment.  Take  a  convex  lens  of  eight, 
twelve,  or  fifteen  inches  focal  distance,  such 
as  a  reading  glass,  or  the  glass  belonging  to  a 
pair  of  spectacles,  and  holding  it,  at  its  focal 
distance  from  a  white  wall,  in  a  line  with  a 
burning  candle,  the  flame  of  the  candle  will 
be  seen  depicted  on  the  wall  in  an  inverted 
position,  or  turned  upside  down.  The  same 
experiment  may  be  performed  with  a  window- 
sash,  or  any  other  bright  object.  But  the 
most  beautiful  exhibition  of  the  images  of  ob- 
jects formed  by  convex  lenses  is  made  by 
darkening  a  room,  and  placing  a  convex  lens 
of  a  long  focal  distance  in  a  hole  cut  out  of 
the  window-shutter;  when  a  beautiful  in- 
verted landscape,  or  picture  of  all  the  objects 
before  the  window,  will  be  painted  on  a  white 
paper  or  screen  placed  in  the  focus  of  the 
glass.  The  image  thus  formed  exhibits  not 
only  the  proportions  and  colours,  but  also  the 
motions  of  all  the  objects  opposite  the  lens, 
forming,  as  it  were,  a  living  landscape.  This 
property  of  lenses  lays  the  foundation  of  the 
camera  obscura,  an  instrument  to  be  after- 
ward described. 

The  following  principles  in  relation  to 
images  formed  by  convex  lenses  may  be 
stated :  1.  That  the  image  subtends  the  same 
angle  at  the  centre  of  the  glass  as  the  object 
itself  does.  Were  an  eye  placed  at  C,  the 
centre  of  the  lens  L  N,  fig.  13,  it  would  see 
the  object  0  B  and  the  image  I M  under  the 
same  optical  angle,  or,  in  other  words,  they 
would  appear  equally  large ;  for,  whenever 
right  lines  intersect  each  other,  as  0  I  and  B 
M,  the  opposite  angles  arc  always  equal,  that 
is,  the  angle  M  C  I  is  equal  to  the  angle  O 
C  B.  2.  The  length  of  the  image  formed 
by  a  convex  lens  is,  to  the  length  of  the  ob- 
ject, as  the  distance  of  the  image  is  to  the 
distance  of  the  object  from  the  lens  ,•  that  is, 
M I  is  to  0  B:  :  as  C  A  to  C  A.  Suppose 
the  distance  of  the  object  C  A  from  the  lens 
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to  be  forty-eight  inches,  the  length  of  the  ob 
ject  0  B  =  sixteen  inches,  and  the  distance 
of  the  image  from  the  lens  six  inches,  then 
the  length  of  the  image  will  be  found  by  the 
following  proportion,  48:  16:  :  6:  2,  that 
is,  the  length  of  the  image,  in  such  a  case,  is 
two  inches.  3.  If  the  object  be  at  an  infinite, 
distance,  the  image  will  be  formed  exactly 
in  the  focus.  4.  If  the  object  be  at  the  same 
distance  from  the  lens  as  its  focus,  the  image 
is  removed  to  an  infinite  distance  on  the  op- 
posite side;  in  other  words,  the  rays  will 
proceed  in  a  parallel  direction.  On  this 
principle,  lamps  on  the  streets  are  sometimes 
directed  to  throw  a  bright  light  along  a  foot- 
path where  it  is  wanted,  when  a  large  con- 
vex glass  is  placed  at  its  focal  distance  from 
the  burner;  and  on  the  same  principle,  light 
is  thrown  to  a  great  distance  from  lighthouses, 
either  by  a  very  large  convex  lens  of  a  short 
focal  distance,  or  by  a  concave  reflector.  5.  If 
the  object  be  at  double  the  distance  of  the 
focus  from  the  glass,  the  image  will  also  be 
at  double  the  distance  of  the  focus  from  the 
glass.  Thus,  if  a  lens  of  six  inches  focal  dis- 
tance be  held  at  twelve  inches'  distance  from 
a  candle,  the  image  of  the  candle  will  be 
formed  at  twelve  inches  from  the  glass  on  the 
other  side.  6.  If  the  object  be  a  little  fur- 
ther from  the  lens  than  its  focal  distance,  an 
image  will  be  formed  at  a  distance  from 
the  object,  which  will  be  greater  or  smaller 
in  proportion  to  the  distance.  For  example, 
if  a  lens  five  inches  focus  be  held  at  a  little 
more  than  five  inches  from  a  candle,  and  a 
wall  or  screen  at  five  feet  six  inches  dis- 
tant receive  the  image,  a  large  and  inverted 
image  of  the  candle  will  be  depicted,  which 
will  be  magnified  in  proportion  as  the  dis- 
tance of  the  wall  from  the  candle  exceeds  the 
distance  of  the  lens  from  the  candle.  Sup- 
pose the  distance  of  the  lens  to  be  five  and  a 
half  inches,  then  the  distance  of  the  wall 
where  the  image  is  formed,  being  twelve 
times  greater,  the  image  of  the  candle  will  be 
magnified  twelve  times.  If  M  I  (fig.  13)  be 
considered  as  the  object,  then  0  J5will  repre- 
sent the  magnified  image  on  the  wall.  On 
this  principle,  the  image  of  the  object  is  form- 
ed by  the  small  object  glass  of  a  compound 
microscope.  On  the  same  principle,  the  large 
pictures  are  formed  by  the  Magic  Lantern 
and  the  Phantasmagoria ;  and  in  the  same 
way  small  objects  are  represented  in  a  mag- 
nified form  on  a  sheet  or  wall  by  the  Solar 
microscope.  7.  All  convex  lenses  magnify 
the  objects  seen  through  them,  in  a  greater 
or  less  degree.  The  shorter  the  focal  distance 
of  the  lens,  the  greater  is  the  magnifying 
power.  A  lens  four  inches  focal  distance 
will  magnify  objects  placed  in  the  focus  two 
times  in  length  and  breadth;  a  lens  two 
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inches  focus  will  magnify  four  times ;  a  lens 
one  inch  focus  eight  times ;  a  lens  half  an  inch 
focus  sixteen  times,  &c.,  supposing  eight 
inches  to  be  the  least  distance  at  which  we 
see  near  objects  distinctly.  In  viewing  ob- 
jects with  small  lenses,  the  object  to  be  mag- 
nified should  be  placed  exactly  at  the  focal 
distance  of  the  lens,  and  the  eye  at  about  the 
same  distance  on  the  other  side  of  the  lens. 
When  we  speak  of  magnifying  power,  as,  for 
example,  that  a  lens  one  inch  focal  distance 
magnifies  objects  eight  times,  it  is  to  be  un- 
derstood of  the  lineal  dimensions  of  the  ob- 
ject. But  as  every  object  at  which  we  look 
has  breadth  as  well  as  length,  the  surface  of 
the  object  is  in  reality  magnified  sixty-four 
times,  or  the  square  of  its  lineal  dimensions ; 
and  for  the  same  reason  a  lens  half  an  inch 
focal  distance  magnifies  the  surfaces  of  ob- 
jects 256  times. 

Reflections  deduced  from  the  preceding 
Subject. 

Such  are  some  of  the  leading  principles 
which  require  to  be  recognized  in  the  con- 
struction of  refracting  telescopes,  microscopes, 
and  other  dioptric  instruments  whose  perform- 
ance chiefly  depends  on  the  refraction  of 
light.  It  is  worthy  of  particular  notice,  that 
all  the  phenomena  of  optical  lenses  now  de- 
scribed depend  upon  that  peculiar  property 
which  the  Creator  has  impressed  upon  the 
rays  of  light,  that,  when  t/tey  are  refracted 
to  a  focus  by  a  convex  transparent  substance, 
they  depict  an  accurate  image  of  the  objects 
whence  they  proceed.  This,  however,  com- 
mon, and  however  much  overlooked  by  the 
bulk  of  mankind,  is,  indeed,  a  very  wonderful 
property  with  which  light  has  been  endued. 
Previous  to  experience,  we  could  have  had 
no  conception  that  such  an  effect  would  be 
produced;  and,  in  the  first  instance,  we  could 
not  possibly  have  traced  it  to  all  its  conse- 
quences. All  the  objects  in  creation  might 
have  been  illuminated  as  they  now  are,  for 
aught  we  know,  without  sending  forth  either 
direct  or  reflected  rays  with  the  property  of 
forming  exact  representations  of  the  objects 
whence  they  proceed.  But  this  we  find  to 
be  a  universal  law  in  regard  to  light  of  every 
description,  whether  as  emanating  directly 
from  the  sun,  or  as  reflected  from  the  objects 
he  illuminates,  or  as  proceeding  from  bodies 
artificially  enlightened.  It  is  a  law  or  a  pro- 
perty of  light  not  only  in  our  own  system, 
but  throughout  all  the  systems  of  the  universe 
to  which  mortal  eyes  have  yet  penetrated. 
The  rays  from  the  most  distant  star  which 
astronomers  have  described  are  endued  with 
this  property,  otherwise  they  could  never  have 
been  perceived  by  means  of  our  optical  in- 
struments ;  for  it  is  by  the  pictures  or  images 


formed  in  these  instruments  that  such  distant 
objects  are  brought  to  view.  Without  this 
property  of  light,  therefore,  we  should  have 
had  no  telescopes,  and,  consequently,  we 
could  not  have  surveyed,  as  we  can  now  do, 
the  hills  and  vales,  the  daep  caverns,  the  ex- 
tensive plains,  the  circular  ranges  of  moun- 
tains, and  many  other  novel  scenes  which 
diversify  the  surface  of  our  moon.  We  should 
have  known  nothing  of  the  stupendous  spota 
which  appear  on  the  surface  of  the  sun — of 
the  phases  of  Venus — of  the  satellites  and 
belts  of  Jupiter — of  the  majestic  rings  of 
Saturn — of  the  existence  of  Uranus  and  his 
six  moons,  or  of  the  planets  Vesta,  Juno, 
Ceres,  and  Pallas,  nor  could  the  exact  bulks 
of  any  of  these  bodies  have  been  accurately 
determined.  But,  above  all,  we  should  have 
been  entirely  ignorant  of  the  wonderful  pheno- 
mena of  double  stars — which  demonstrate 
that  suns  revolve  around  suns — of  the  thou- 
sands and  millions  of  stars  which  crowd  the 
profundities  of  the  Milky  Way  and  other 
regions  of  the  heavens — of  the  thousands  of 
nebula)  or  starry  systems  which  are  dispersed 
throughout  the  immensity  of  the  firmament, 
and  many  other  objects  of  sublimity  and 
grandeur,  which  fill  the  contemplative  mind 
with  admiration  and  awe,  and  raise  its  facul- 
ties to  higher  conceptions  than  it.  could  other- 
wise have  formed  of  the  omnipotence  and 
grandeur  of  the  Almighty  Creator. 

Without  this  property  of  the  rays  of  light, 
we  should,  likewise,  have  wanted  the  use  of 
the  microscope,  an  instrument  which  has  dis- 
closed a  world  invisible  to  common  eyes,  and 
has  opened  to  our  view  the  most  astonishing 
exhibitions  of  Divine  mechanism,  and  of  the 
wisdom  and  intelligence  of  the  Eternal  Mind. 
We  should  have  been  ignorant  of  those  tribes 
of  living  beings,  invisible  to  the  unassisted 
eye,  which  are  found  in  water,  vinegar,  and 
many  other  fluids,  many  of  which  are  twenty 
thousand  times  smaller  than  the  least  visible 
point,  and  yet  display  the  same  admirable 
skill  and  contrivance  in  their  construction  as 
are  manifested  in  the  formation  of  the  larger 
animals.     We  should  never  have  beheld  the 
purple  tide  of  life,  and  even  the  globules  of 
the  blood  rolling  with  swiftness  through  veins 
and  arteries  smaller  than  the  finest  hair ;  or 
had   the   least    conception   that  numberless 
species  of  animated  beings,  so  minute  that  a 
million  of  them  are  less  than  a  grain  of  sand, 
could  have  been  rendered  visible  to  human 
eyes,  or  that  such  a  number  of  vessels,  fluids, 
movements,  diversified   organs  of  sensation, 
and  such  a  profusion  of  the  richest  ornaments 
and  the  gayest  colours  could  have  been  con- 
centrated  in   a   single   point.      We   should 
never  have  conceived   that  even  the  atmo- 
sphere is  replenished  with  invisible  animation 
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that  the  waters  abound  with  countless  myriads 
of  sensitive  existence,  that  the  whole  earth  is 
full  of  life,  and  that  there  is  scarcely  a  tree, 
plant,  or  flower  but  affords  food  and  shelter 
to  a  species  of  inhabitants  peculiar  to  itself, 
which  enjoy  the  pleasures  of  existence  and 
share  in  the  bounty  of  the  Creator.  We 
could  have  formed  no  conception  of  the 
beauties  and  the  varieties  of  mechanism  which 
are  displayed  in  the  scenery  of  that  invisible 
world  to  which  the  microscope  introduces  us 
— beauties  and  varieties,  in  point  of  ornament 
and  delicate  contrivance,  which  even  surpass 
what  is  beheld  in  the  visible  operations  and 
aspect  of  nature  around  us.  We  find  joints, 
muscles,  a  heart,  stomach,  entrails,  veins, 
arteries,  a  variety  of  motions,  a  diversity  of 
forms,  and  a  multiplicity  of  parts  and  func- 
tions in  breathing  atoms.  We  behold  in  a 
small  fibre  of  a  peacock's  feather,  not  more 
than  one-eighth  of  an  inch  in  length,  a  pro- 
fusion of  beauties  no  less  admirable  than  is 
presented  by  the  whole  feather  to  the  naked 
eye,  a  stem  sending  out  multitudes  of  lateral 
branches,  each  of  which  emits  numbers  of 
little  sprigs,  which  consist  of  a  multitude  of 
bright  shining  globular  parts,  adorned  with  a 
rich  variety  of  colours.  In  the  sections  of 
plants,  we  see  thousands  and  ten  thousands 
of  tubes  and  pores,  and  other  vessels  for  the 
conveyance  of  air  and  juices  for  the  sustenance 
of  the  plant ;  in  some  instances,  more  than  ten 
hundred  thousand  of  these  being  compressed 
within  the  space  of  a  quarter  of  an  inch  in  diam- 
eter, and  presenting  to  the  eye  the  most  beauti- 
ful configurations.  There  is  not  a  weed,  nor 
a  moss,  nor  the  most  insignificant  vegetable, 
which  does  not  show  a  multiplicity  of  vessels 
disposed  in  the  most  curious  manner  for  the 
circulation,  of  sap  for  its  nourishment,  and 
which  is  not  adorned  with  innumerable  graces 
for  its  embellishment.  All  these  and  ten 
thousands  of  other  wonders  which  lie  beyond 
the  limits  of  natural  vision,  in  this  new  and 
unexplored  region  of  the  universe,  would 
have  been  for  ever  concealed  from  our  view, 
had  not  the  Creator  endued  the  rays  of  light 
with  the  power  of  depicting  -  the  images  of 
objects,  when  refracted  by  convex  transparent 


In  this  instance,  as  well  as  in  many  others, 
we  behold  a  specimen  of  the  admirable  and 
diversified  effects  which  the  Creator  can  pro- 


duce from  the  agency  of  a  single  principle  » 
nature.  By  means  of  optical  instruments,  we 
are  now  enabled  to  take  a  more  minute  and 
expansive  view  of  the  amazing  operations  of 
nature,  both  in  heaven  and  on  earth,  than 
former  generations  could  have  surmised. 
These  views  tend  to  raise  our  conceptions  of 
the  attributes  of  that  Almighty  Being  who 
presides  over  all  the  arrangements  of  the 
material  system,  and  to  present  them  to  our 
contemplation  in  a  new,  a  more  elevated,  and 
expansive  point  of  view.  There  is,  therefore, 
a  connexion  which  may  be  traced  between 
the  apparently  accidental  principle  of  the  rays 
of  light  forming  images  of  objects  and  the 
comprehensive  views  we  are  now  enabled  to 
take  of  the  character  and  perfections  of  the 
Divinity.  Without  the  existence  of  the  law 
or  principle  alluded  to,  we  could  not,  in  the 
present  state,  have  formed  precisely  the  same 
conceptions  either  of  the  Omnipotence,  or  of 
the  wisdom  and  intelligence  of  the  Almighty. 
Had  no  microscope  ever  been  invented,  the 
idea  never  could  have  entered  into  the  mind 
of  man  that  worlds  of  living  beings  exist  be 
yond  the  range  of  natural  vision,  that  organ- 
ized beings,  possessed  of  animation,  exist, 
whose  whole  bulk  is  less  than  the  ten  hundred 
thousandth  part  of  the  smallest  grain  of  sand ; 
that,  descending  from  a  visible  point  to  thou- 
sands of  degrees  beyond  it,  an  invisible  world 
exists,  peopled  with  tribes  of  every  form  and 
size,  the  extent  of  which,  and  how  far  it  verges 
towards  infinity  downward,  mortals  have 
never  yet  explored,  and  perhaps  will  never 
be  able  to  comprehend.  This  circumstance 
alone  presents  before  us  the  perfections  of  the 
Divinity  in  a  new  aspect,  and  plainly  inti- 
mates that  it  is  the  will  and  the  intention  of 
the  Deity  that  we  should  explore  his  works, 
and  investigate  the  laws  by  which  the  mate- 
rial world  is  regulated,  that  we  may  acquire 
more  expansive  views  of  his  character  and 
operations.  The  inventions  of  man,  in  rela- 
tion to  art  and  science,  are  not,  therefore,  to 
be  considered  as  mere  accidental  occurrences, 
but  as  special  arrangements  in  the  Divine 
government,  for  the  purpose  of  carrying  for- 
ward the  human  mind  to  more  clear  and 
ample  views  of  the  scenes  of  the  universe, 
and  of  the  attributes  and  the  agency  of  Him 
"  who  is  wonderful  in  counsel  and  excellent 
in  working." 


CHAPTER  IV. 

On  the  Reflection  of  Light. 

THE  reflection  of  the  rays  of  light  is  that  pro-   of  bodies,  they  are  thrown  back,  or  repelled, 
perty  by  which,  after  approaching  the  surfaces   It  is  in  consequence  of  this  property  that  all 
(764) 
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the  objects  around  us,  and  all  the  diversified 
landscapes  on  our  globe  are  rendered  visible. 
It  is  by  light  reflected  from  their  surfaces  that 
we  perceive  the  planetary  bodies  and  their 
satellites,  the  belts  of  Jupiter,  the  rings  of  Sa- 
turn, the  various  objects  which  diversify  the 
surface  of  the  Moon,  and  all  the  bodies  in  the 
universe  which  have  no  light  of  their  own. 
When  the  rays  of  light  fall  upon  rough  and 
uneven  surfaces,  they  are  reflected  very  irregu- 
larly, and  scattered  in  all  directions,  in  con- 
sequence of  which  thousands  of  eyes,  at  the 
same  time,  may  perceive  the  same  objects,  in 
all  their  peculiar  colours,  aspects  and  relations. 
But  when  they  fall  upon  certain  smooth  and 
polished  surfaces,  they  are  reflected  with  re- 
gularity, and  according  to  certain  laws.  Such 
surfaces,  when  highly  polished,  are  called 
Mirrors  or  Speculums  ,•  and  it  is  to  the  re- 
flection of  light  from  such  surfaces,  and  the 
effects  it  produces,  that  I  am  now  to  direct 
the  attention  of  the  reader. 

Mirrors,  or  specula,  may  be  distinguished 
into  three  kinds,  plane,  concave,  and  convex, 
according  as  they  are  bounded  by  plane  or 
spherical  surfaces.  These  are  made  either 
of  metal  or  of  glass,  and  have  their  surfaces 
highly  polished  for  the  purpose  of  reflecting 
the  greatest  number  of  rays.  Those  made 
of  glass  are  foliated  or  quicksilvered  on  one 
side  ;  and  the  metallic  specula  are  generally 
formed  of  a  composition  of  different  metallic 
substances,  which,  when  accurately  polished, 
is  found  to  reflect  the  greatest  quantity  of 
light.  I  shall,  in  the  first  place,  illustrate  the 
phenomena  of  reflection  produced  by  plane 
mirrors. 

When  light  impinges,  or  falls,  upon  a  po- 
lished flat  surface,  rather  more  than  the  half 
of  it  is  reflected,  or  thrown  back  in  a  direction 
similar  to  that  of  its  approach ;  that  is  to  say, 
if  it  fall  perpendicularly  on  the  polished  sur- 
face, it  will  be  perpendicularly  reflected ;  but 
if  it  fall  obliquely,  it  will  be  reflected  with  the 
same  obliquity.  Hence,  the  following  funda- 
mental law  regarding  the  reflection  of  light 
has  been  deduced  both  from  experiment  and 
mathematical  demonstration,  namely,  that  the 
angle  of  reflection  is,  in  all  cases,  exactly 
equal  to  the  angle  of  incidence.  This  is  a 
law  which  is  universal  in  all  cases  of  reflec- 
tion, whether  it  be  from  plane  or  spherical 
surfaces,  or  whether  these  surfaces  be  concave 
or  convex,  and  which  requires  to  be  recog- 
nized in  the  construction  of  all  instruments 
which  depend  on  the  reflection  of  the  rays  of 
light.  The  following  figure  (fig.  14)  will  il- 
lustrate the  position  now  stated : 

Let  A  B  represent  a  plane  mirror,  and  C 
D  a  line  or  ray  of  light  perpendicular  to  it. 
Let  F  D  represent  the  incident  ray  from  any 
object,  then  D  E  will  be  the  reflected  ray, 


thrown  back  in  the  direction  from   D  to  E, 
and  it  will  make,  with  the  perpendicular  C 


D,  the  same  angle  which  the  incident  ray  F 
D  did  with  the  same  perpendicular ;  that  is, 
the  angle  F  D  C  will  be  equal  to  the  angle 
ED  C,  in  all  cases  of  obliquity.     The  inci- 
dent ray  of  light  may  be  considered  as  re- 
bounding from  the  mirror,  like  a  tennis  ball 
from  a  marble  pavement,  or  the  wall  of  a 
court. 

In  viewing  objects  by  reflection,  we  see 
them  in  a  different  direction  from  that  in 
which  they  really  are,  namely,  along  the  line 
in  which  the  rays  come  to  us  last.  Thus,  if 
A  B  (fig.  15) -represent  a  plane  mirror,  the 
image  of  an  object,  C,  appears  to  the  eye  at 

E,  behind   the  mirror,  in  the  direction  E  G, 
and  always  in  the  intersection  G  of  the  per- 


pendicular C  G,  and  the  reflected  ray  E  G ; 
and,  consequently,  at  G  as  far  behind  the  mir- 
ror as  the  object  C  is  before  it.  We  there- 
fore see  the  image  in  the  line  E  G,  the  direc- 
tion in  which  the  reflected  rays  proceed.  A 
plane  mirror  does  not  alter  the  figure  or  size 
of  objects ;  but  the  whole  image  is  equal  and 
similar  to  the  whole  object,  and  has  a  like 
situation  with  respect  to  one  side  of  the  plane, 
that  the  object  has  with  respect  to  the  other. 

Mr.  Walker  illustrates  the  manner  in  which 
we  see  our  faces  in  a  mirror  by  the  following 
figure  (16)  A  B  represents  a  mirror,  and  o  c 
a  person  looking  into  it.  If  we  conceive  a 
ray  proceeding  from  the  forehead  c  E,  it  will 
be  sent  to  the  eye  at  o,  agreeably  to  the  an- 
gle of  incidence  and  reflection.  But  the  mind 
puts  CEO  into  one  line,  and  the  forehead  is 
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seen  at  n,  as  if  the  lines  CEO  had  turned  on 
a  hinge  at  E.     It  seems  a  wonderful  faculty  of 

Fig.  1-6. 


the  mind  to  put  the  two  oblique  lines  c  E  and 
o  E  into  one  straight  line  o  H,  yet  it  is  seen 
every  time  we  look  at  a  mirror.  For  the  ray 
has  really  travelled  from  c  to  E,  and  from  E  to 
o,  and  it  is  that  journey  which  determines  the 
distance  of  the  object ;  and  hence  we  see  our- 
selves as  far  beyond  the  mirror  as  we  stand 
from  it.  Though  a  ray  is  here  taken  only 
from  one  part  of  the  face,  it  may  be  easily 
conceived  that  rays  from  every  other  part  of 
the  face  must  produce  a  similar  effect. 

In  every  plane  mirror  the  image  is  always 
equal  to  the  object,  at  what  distance  soever  it 
may  be  placed ;  and,  as  the  mirror  is  only  at 
half  the  distance  of  the  image  from  the  eye, 
it  will  completely  receive  an  image  of  twice 
its  own  length.  Hence,  a  man  six  feet  high 
may  view  himself  completely  in  a  looking- 
glass  of  three  feet  in  length  and  half  his  own 
breadth ;  and  this  will  be  the  case  at  whatever 
distance  he  may  stand  from  the  glass.  Thus, 
the  man  A  C  (fig.  17)  will  see  the  whole  of 

Fig.  17. 


ror,  at  B  ;  these  will  be  reflected  at  an  equai 
angle  to  the  eye  in  the  direction  D  A,  as  if 
they  had  proceeded  in  the  direction  D  B  A, 
so  that  the  man  will  see  his  foot  at  D,  and, 
consequently,  his  whole  figure  at  B  D. 

A  person,  when  looking  into  a  mirror,  will 
always  see  his  own  image  as  far  beyond  the 
mirror  as  he  is  before  it ;  and  as  he  moves  to 
or  from  it,  the  image  will,  at  the  same  time, 
move  towards  or  from  him  on  the  other  side, 
but  apparently  with  a  double  velocity,  because 
the  two  motions  are  equal  and  contrary.  In 
like  manner,  if,  while  the  spectator  is  at  rest, 
an  object  be  in  motion,  its  image  behind  the 
mirror  will  be  seen  to  move  at  the  same  time. 
And  if  the  spectator  moves,  the  images  of  ob- 
jects that  are  at  rest  will  appear  to  approach 
or  recede  from  him,  after  the  same  manner  as 
when  he  moves  towards  real  objects;  plane 
mirrors  reflecting  not  only  the  object,  but  the 
distance  also,  and  that  exactly  in  its  natural 
dimensions.  The  following  principle  is  suffi- 
cient for  explaining  most  of  the  phenomena 
seen  in  a  plane  mirror,  namely :  That  the 
image  of  an  object  seen  in  a  plane  mirror  is 
always  in  a  perpendicular  to  the  mirror 
joining  the  object  and  the  image,  and  that 
the  image  is  as  much  on  one  side  the  mirror 
as  the  object  is  on  the  other. 

Reflection  by  Convex  and  Concave  Mirrors* 

Both  convex  and  concave  mirrors  are  form- 
ed of  portions  of  a  sphere.  A  convex  specu- 
lum is  ground  and  polished  in  a  concave  dish 
or  tool  which  is  a  portion  of  a  sphere,  and  a 
concave  speculum  is  ground  upon  a  convex 
tool.  The  inner  surface  of  a  sphere  brings 
parallel  rays  to  a  focus  at  one-fourth  of  its 
diameter,  as  represented  in  the  following 
figure,  where  C  is  the  centre  of  the  sphere 

Fig.  18. 


his  own  image  in  the  glass  A  B,  which  is  but 
one  half  as  large  as  himself.  The  rays  from 
the  head  pass  to  the  mirror  in  the  line  A  A, 
perpendicular  to  the  mirror,  and  are  returned 
to  the  eye  in  the  same  line ;  consequently, 
having  travelled  twice  the  len%th  A  A,  the  on  which  the  concave  speculum  A  B  is  form 
man  must  see  his  head  at  B.  From  his  feet,  ed,  and  F  the  focus  where  parallel  rays  from 
C,  rays  will  be  sent  to  the  bottom  of  the  mir-  a  distant  object  would  be  united  after  refleo 
(756) 
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tion,  that  is,  at  one-half  the  radius,  or  one- 
fourth  of  the  diameter  from  the  surface  of  the 
speculum.  Were  a  speculum  of  this  kind 
presented  to  the  sun,  F  would  be  the  point 
where  the  reflected  rays  would  be  converged 
to  a  focus,  and  set  fire  to  combustible  sub- 
stances if  the  speculum  be  of  a  large  diameter, 
and  of  a  short  focal  distance.  Were  a  candle 
placed  in  that  focus,  its  light  would  be  re- 
flected parallel,  as  represented  in  the  figure. 
The«e  are  properties  of  concave  specula  which 
require  to  be  particularly  attended  to  in  the 
construction  of  reflecting  telescopes.  It  fol- 
lows, from  what  has  been  now  stated,  that,  if 
we  intend  to  form  a  speculum  of  a  certain 
focal  distance,  for  example,  two  feet,  it  is  ne- 
cessary that  it  should  be  ground  upon  a  tool 
whose  radius  is  double  that  distance,  or  four 
feet. 

Properties  of  Convex  Mirrors. 

From  a  convex  surface,  parallel  rays,  when 
reflected,  are  made  to  diverge :  convergent 
rays  are  reflected  less  convergent ;  and  di- 
vergent rays  are  rendered  more  divergent.  It 
is  the  nature  of  all  convex  mirrors  and  sur- 
faces to  scatter  or  disperse  the  rays  of  light, 
and  in  every  instance  to  impede  their  con- 
vergence. The  following  figure  shows  the 
course  of  parallel  rays  as  reflected  from  aeon- 
vex  mirror.  A  E  B  is  the  convex  surface  of 
the  mirror,  and  K  A,  I  E,  L  B  parallel  rays 
falling  upon  it.  These  rays,  when  they  strike 
the  mirror,  are  made  to  diverge  in  the  direc- 
tion A  G,  B  H,  &c.,  and  both  the  parallel 
and  divergent  rays  are  here  represented  as 
they  appear  in  a  dark  chamber  when  a  con- 
vex mirror  is  presented  to  the  solar  rays.  The 
dotted  lines  denote  only  the  course  or  ten- 
dency of  the  reflected  rays  towards  the  virtual 
foc'vs  F,  were  they  not  intercepted  by  the 
mirror.  This  virtual  focus  is  just  equal  to 
half  the  radius  C  E. 

Fig.  19. 


The  following  are  some  of  the  properties  of 
coxnrex  mirrors:  1.  Tlv?  image  appears  al- 
T.T.VS  erect,  &nd  behind  the  reflecting  surface. 
*,,  The  image  is  always  smaller  than,  t/,c  ob- 
ject, and  the  diminution  Is  greater  in  propor- 


tion as  the  object  is  further  from  the  mirror; 
but  if  the  object  touch  the  mirror,  the  image 
at  the  point  of  contact  is  of  the  same  size  as 
the  object.  3.  The  image  does  not  appear  so 
far  behind  the  reflecting  surface  as  in  a  plane 
mirror.  4.  The  image  of  a  straight  object, 
placed  either  parallel  or  oblique  to  the  mirror, 
is  seen  curved  in  the  mirror,  because  the  dif- 
ferent points  of  the  object  are  not  all  at  an 
equal  distance  from  the  surface  of  the  mirror. 
5.  Concave  mirrors  have  a  real  focus  where 
an  image  is  actually  formed;  but  convex 
specula  have  only  a  virtual  focus,  and  this 
focus  is  behind  the  mirror,  no  image  of  any 
object  being  formed  before  it 

The  following  are  some  of  the  purposes  to 
which  convex  mirrors  are  applied ;  They  are 
frequently  employed  by  painters  for  reducing 
the  proportions  of  the  objects  they  wish  to 
represent,  as  the  images  of  objects  diminish 
in  proportion  to  the  smallness  of  the  radius 
of  convexity,  and  to  the  distances  of  objects 
from  the  surface  of  the  mirror.  They  form  a 
fashionable  part  of  modern  furniture,  as  they 
exhibit  a  large  company  assembled  in  a  room, 
with  all  the  furniture  it  contains,  in  a  very 
small  compass,  so  that  a  large  hall,  with  all 
its  objects,  and  even  an  extensive  landscape, 
being  reduced  in  size,  may  be  seen  from  one 
point  of  view.  They  are  likewise  used  as 
the  small  specula  of  those  reflecting  telescopes 
which  are  fitted  up  on  the  Cassegrainian 
plan,  and  in  the  construction  of  Smith's  Re- 
flecting Microscope.  But,  on  the  whole,  they 
are  very  little  used  in  the  construction  of 
optical  instruments. 

Properties  of  Concave  Speculums. 

Concave  specula  have  properties  very  dif- 
ferent from  those  which  are  convex ;  they 
are  of  more  importance  in  the  construction  of 
reflecting  telescopes  and  other  optical  instru- 
ments, and  therefore  require  more  minute 
description  and  illustration.  Concave  mirrors 
cause  parallel  rays  to  converge ;  they  increase 
the  convergence  of  rays  that  are  already  con- 
verging; they  diminish  the  divergence  of  di- 
verging rays,  and  in  some  cases  render  them 
parallel,  and  even  convergent ;  which  effects 
are  all  in  proportion  to  the  concavity  of  the 
mirror.  The  following  figures  show  the 
course  of  diverging  and  parallel  rays  as  re- 
flected from  concave  mirrors. 

Fig.  20  represents  the  course  of  parallel 
rays,  and  A  B  the  concave  mirror  on  which 
they  fall.  In  this  case,  they  are  reflected  so 
as  to  unite  at  F,  which  point  is  distant  frora 
its  surface  one-fourth  of  the  diameter  of  the 
sphere  of  the  mirror.  This  point  is  called 
the  focv.£  of  paral's!  rays,  or  the  trvejbcus  of 
the  mirrw ;  and,  since  the  sunbeams  arc 
parallel  among  themselves,  if  they  are  re- 
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txcnd  on  a  concave  mirror,  they  w:U  be  le-        When  converging  rays  fall  upon  a  cc-cari 
tested  to  that  point,  and  there  burr.  ;n  pro-    mirror,  they  are  rejected  more  converts 

and  unite  at  a  point  between  the  focus  of 

Fig.  20  parallel  rays  and  the  mirror;  that  is,  nearer 

the  mirror  than  one-half  the  radius ;  and  their 
precise  degree  of  convergency  will  be  greater 
than  that  wherein  they  converged  before  re- 
flection. 


n         _ 
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poriion  to  the  quantity  of  rays  collected  by 
the  nurror.  Fig  21  sho^/s  the  direction  of 
diverging  rays,  or  those  which  proceed  from 
a  near  object.  These  rays  proceeding  from 
an  object  farther  from  the  mirror  than  the 

Fig.  21. 


Of  the  Images  formed  by  Concave  Mirrors. 

If  rays  proceeding  from  a  distant  object 
fall  upon  a  concave  speculum,  they  will  paint 
an  image  or  representation  of  the  object  on 
its  focus  before  the  mirror.  This  image  will 
be  inverted,  because  the  rays  cross  at  the 
points  where  the  image  is  formed.  We  have 
already  seen  that  a  convex  glass  forms  an 
image  of  an  object  behind  it ;  the  rays  of  light 
from  objects  pass  through  the  glass,  and  the 
picture  is  formed  dn  the  side  furthest  from 
the  object.  But  in  concave  mirrors  the  images 
of  distant  objects — and  of  all  objects  that  are 
further  from  its  surface  than  its  principal 
focus — are  formed  before  the  mirror,  or  on 
the  same  side  as  the  object.  In' almost  every 
other  respect,  however,  the  effect  of  a  concave 
mirror  is  the  same  as  that  of  a  convex  lens, 
in  regard  to  the  formation  of  images,  and  the 
course  pursued  by  the  rays  of  light,  except 
that  the  effect  is  produced  in  the  one  case  by 
refraction,  and  in  the  other  by  reflection. 
The  following  figure  represents  the  manner 

Fig.  22. 


true  focal  point,  as  from  D  to  A  and  to  B, 
are  reflected  converging,  and  meet  at  a  point 
F,  further  from  the  mirror  than  the  focal 
point  of  parallel  rays.  If  the  distance  of  the 
radiant,  or  object  D,  be  equal  to  the  radius 
C  E,  then  will  the  focal  distance  be  likewise 
equal  to  the  radius  ;  that  is,  if  an  object  be 
placed  in  the  centre  of  a  concave  speculum, 
the  image  will  be  reflected  upon  the  object, 
or  they  will  seem  to  meet  and  embrace  each 
other  in  the  centre.  If  the  distance  of  the 
radiant  be  equal  to  half  the  radius,  its  image 
will  be  reflected  to  an  infinite  distance,  for 
the  rays  will  then  be  parallel.  If,  therefore, 
a  luminous  body  be  placed  at  half  the  radius 
from  a  concave  speculum,  it  will  enlighten 
places  directly  before  it  at  great  distances. 
Hence  their  use  when  placed  behind  a  candle 
in  a  common  lantern ;  hence  their  utility  in 
throwing  light  upon  objects  in  the  Magic 
Lantern  and  Phantasmagoria ;  and  hence  the 
vast  importance  of  very  large  mirrors  of  this 
description,  as  now  used  in  most  of  our  light- 
houses, for  throwing  a  brilliant  light  to  great 
distances  at  sea,  to  guide  the  mariner  when 
•lirecting  his  course  under  the  cloud  of  night. 
(758) 


in  which  images  are  formed  by  concave 
mirrors ;  G  F  represents  the  reflecting  surface 
of  the  mirror ;  0  A  B,  the  object ;  and  I  A  M. 
the  image  formed  by  the  mirror.  The  rays 
proceeding  from  0  will  be  carried  to  the  mirror 
in  the  direction  0  G,  and,  according  to  the 
law  that  the  angle  of  incidence  is  equal  to  the 
angle  of  reflection,  will  be  reflected  to  /  in 
the  direction  G  I.  In  like  manner,  the  rays 
from  B  will  be  reflected  from  F  to  M,  the 
rays  from  A  will  be  reflected  to  A,  and  so  of 
all  the  intermediate  rays,  so  that  an  inverted 
image  of  the  object  0  B  will  be  formed  at  J 
M.  If  the  rays  proceeded  from  objects  at  a 
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very  great  distance,  the  image  would  be  formed 
in  the  real  focus  of  the  mirror,  or  at  one- 
fourth  the  diameter  of  the  sphere  from  its 
surface  ;  but  nearer  objects,  which  send  forth 
diverging  rays,  will  have  their  images  formed 
a  little  further  from  the  surface  of  the  mirror. 
If  we  suppose  a  real  object  placed  at  /  M, 
then  0  B  will  represent  its  magnified  image, 
which  will  be  larger  than  the  object  in  pro- 
portion to  its  distance  from  the  mirror.  This 
may  be  experimentally  illustrated  by  a  con- 
cave mirror  and  a  candle.  Suppose  a  concave 
mirror  whose  focal  distance  is  five  inches, 
and  that  a  candle  is  placed  before  it  at  a  little 
beyond  its  focus  (as  at  I  M,}  suppose  at  five 
and  a  half  inches,  and  that  a  wall  or  white 
screen  receives  the  image,  at  the  distance  of 
five  feet  six  inches  from  the  mirror,  an  image 
of  the  candle  will  be  formed  on  the  wall  which 
will  be  twelve  times  longer  and  broader  than 
the  candle  itself.  In  this  way  concave  mirrors 
may  be  made  to  magnify  the  images  of  ob- 
jects to  an  indefinite  extent.  This  experi- 
ment is  an  exact  counterpart  of  what  is  ef- 
fected in  similar  circumstances  by  a  convex 
lens,  a-s  described  p.  34 ;  the  mirror  perform- 
ing the  same  thing  by  reflection  as  the  lens 
did  by  refraction. 

From  what  has  been  stated  in  relation  to 
concave  mirrors,  it  will  be  easily  understood 
how  they  make  such  powerful  burning-glasses. 
Suppose  the  focal  distance  of  a  concave  mirror 
to  be  twelve  inches,  and  its  diameter  or  breadth 
twelve  inches.  When  the  sun's  rays  fall  on 
such  a  mirror,  they  form  an  image  of  the  sun 
at  the  focal  point,  whose  diameter  is  found  to 
be  about  one-tenth  of  an  inch.  All  the  rays 
which  fall  upon  the  mirror  are  converged 
into  this  small  point,  and,  consequently,  their 
intensity  is  in  proportion  as  the  square  of  the 
surface  of  the  mirror  is  to  the  square  of  the 
image.  The  squares  of  these  diameters  are 
as  14,400  to  1,  and,  consequently,  the  den- 
sity of  the  sun's  rays,  in  the  focus,  is  to  their 
density  on  the  surface  of  the  mirror  as  14,400 
to  1.  That  is,  the  heat  of  the  solar  rays  in 
the  focus  of  such  a  mirror  will  be  fourteen 
thousand  four  hundred  times  greater  than  be- 
fore :  a  heat  which  is  capable  of  producing 
very  powerful  effects  in  melting  and  setting 
fire  to  substances  of  almost  every  description. 
Were  we  desirous  of  forming  an  image  by 
a  concave  speculum  which  shall  be  exactly 
equal  to  the  object,  the  object  must  be  placed 
exactly  in  the  centre ;  and,  by  an  experiment 
of  this  kind,  the  centre  of  the  concavity  of  a 
mirror  may  be  found. 

In  the  cases  now  stated,  the  images  of  ob- 
jects are  all  formed  in  the  front  of  the  mirror, 
or  between  it  and  the  object.  But  there  is  a 
case  in  which  the  image  is  formed  behind  the 
mirror.  This  happens  when  the  object  is 


placed  between  the  mirror  and  the  focus  of 
parallel  rays,  and  then  the  image  is  larger 
than  the  object.  In  fig.  23,  G  F  is  a  concave 
mirror,  whose  focus  of  parallel  rays  is  at  E. 
If  an  object  0  B  be  placed  a  little  within  this 

Fig.  23. 


focus,  as  at  A,  a  large  image  /  M  will  be 
seen  behind  the  mirror,  somewhat  curved 
and  erect,  which  will  be  seen  by  an  eye  look- 
ing directly  into  the  front  of  the  mirror. 
Here  the  image  appears  at  a  greater  distance 
behind  the  mirror  than  the  object  is  before  it, 
and  the  object  appears  magnified  in  propor- 
tion to  its  distance  from  the  focus  and  the 
mirror.  If  the  mirror  be  one  inch  focal  dis- 
tance, and  the  object  be  placed  eight-tenths 
of  an  inch  from  its  surface,  the  image  would 
be  five  times  as  large  as  the  object  in  length 
and  breadth,  and,  consequently,  twenty-five 
times  larger  in  surface.  In  this  way  small 
objects  may  be  magnified  by  reflection,  as 
such  objects  are  magnified  by  refraction,  in 
the  case  of  deep  convex  lenses.  When  such 
mirrors  are  large,  for  example  six  inches 
diameter,  and  eight  or  ten  inches  focal  dis- 
tance, they  exhibit  the  human  face  as  of  an 
enormous  bulk.  This  is  illustrated  by  the 
following  figure :  Let  c  x,  fig.  24,  represent 
the  surface  of  a  concave  mirror,  and  A  a  hu- 

Fig.  24.  * 


man  face  looking  into  it,  the  face  will  appear 
magnified  as  represented  by  the  image  be- 
hind the  mirror,  D  a.  Suppose  a  ray,  A  c, 
proceeding  from  the  forehead,  and  another, 
M  N,  from  the  chin ;  these  rays  are  reflected 
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to  the  person's  eye  at  o,  which,  consequently, 
sees  the  image  of  the  lines  of  reflection  o  D, 
o  Q.,  and  in  the  angle  D  o  Q.,  and,  conse- 
quently, magnified  much  beyond  the  natural 
«ze,  and  at  a  small  distance  behind  the  mirror. 

If  we  suppose  the  side  T  u  to  represent  a 
convex  mirror,  and  the  figure  D  a  a  head  of 
an  ordinary  size,  then  the  figure  A  will 
represent  the  diminished  appearance  which  a 
person's  face  exhibits  when  viewed  in  such  a 
mirror.  It  will  not  only  appear  reduced,  but 
somewhat  distorted ;  because,  from  the  form 
of  the  mirror,  one  part  of  the  object  is  nearer 
to  it  than  another,  and,  consequently,  will  be 
reflected  under  a  different  angle. 

The  effect  we  have  now  mentioned  as  pro- 
duced by  concave  mirrors  will  only  take  place 
when  the  eye  is  nearer  the  mirror  than  its 
principal  focus.  If  the  spectator  retire  be- 
yond this  focus — suppose  to  the  distance  of 
five  or  six  feet — he  will  not  see  the  image 
behind  the  mirror,  but  he  will  see  his  image 
in  a  diminished  form,  hanging  upside  down, 
and  suspended  in  the  air,  in  a  line  between 
his  eye  and  the  mirror.  In  this  case,  his 
image  is  formed  before  the  mirror,  as  repre- 
sented at  /  M,  fig.  22.  In  this  situation,  if 
you  hold  out  your  hand  towards  the  mirror, 
the  hand  of  the  image  will  come  out  towards 
your  hand,  and,  when  at  the  centre  of  con- 
cavity, it  will  be  of  an  equal  size  with  it,  and 
you  may  shake  hands  with  this  aerial  image. 
If  you  move  your  hand  further,  you  will  find 
the  hand  of  the  image  pass  by  your  hand, 
and  come  between  it  and  your  body.  If  you 
move  your  hand  towards  either  side,  the  hand 
of  the  image  will  move  towards  the  other  side  ; 
the  image  moving  always  in  a  contrary  di- 
rection to  the  object.  All  this  while  the  by- 
standers, if  any,  see  nothing  of  the  image,  be- 
cause none  of  the  reflected  rays  that  form  it 
can  enter  their  eyes.  The  following  figure 
represents  a  phenomenon  produced  in  the 

Fig.  25. 


same  manner.  A  B  is  a  concave  mirror  of  a 
large  size ;  c  represents  a  hand  presented  be- 
fore the  mirror,  at  a  point  further  distant  than 
its  focus.  In  this  case  an  inverted  image  of 
the  hand  is  formed,  which  is  seen  hanging  in 
the  air  at  ar.  The  rays  c  and  n  go  diverg- 
ing from  the  two  opposite  points  of  the  ob- 
(760) 


ject,  and,  by  the  action  of  the  mirror,  they 
are  again  made  to  converge  to  points  at  o  and 
s,  where  they  cross,  form  an  image,  and 
again  proceed  divergent  to  the  eye.* 

In  consequence  of  the  properties  of  concave 
mirrors  now  described,  many  curious  experi- 
ments and  optical  deceptions  have  been  ex- 
hibited. The  appearance  of  images  in  the 
air,  suspended  between  the  mirror  and  the 
object,  have  sometimes  been  displayed  with 
such  dexterity,  and  an  air  of  mystery,  as  to 
have  struck  with  astonishment  those  who 
were  ignorant  of  the  cause.  In  this  way  birds, 
flying  angels,  spectres,  and  other  objects  have 
been  exhibited  ;  and  when  the  hand  attempts 
to  lay  hold  on  them,  it  finds  them  to  be  no- 
thing, and  they  seem  to  vanish  into  air.  An 
apple  or  a  beautiful  flower  is  presented,  and 
when  a  spectator  attempts  to  touch  it,  it  in- 
stantly vanishes,  and  a  death's  head  immedi- 
ately appears,  and  seems  to  snap  at  his  fingers. 
A  person  with  a  drawn  sword  appears  before 
him,  in  an  attitude  as  if  about  to  run  him 
through,  or  one  terrific  phantom  starts  up 
after  another,  or  sometimes  the  resemblances 
of  deceased  persons  are  made  to  appear,  as  if, 
by  the  art  of  conjuration,  they  had  been  forced 
to  return  from  the  world  of  spirits.  In  all 
such  exhibitions  a  very  large  concave  mirror 
is  requisite,  a  brilliant  light  must  be  thrown 
upon  the  objects,  and  every  arrangement  is 
made,  by  means  of  partitions,  &c.,  to  prevent 
either  the  light,  the  mirror,  or  the  object  from 
being  seen  by  the  spectators.  The  following 
representation  (fig.  26)  shows  one  of  the  me- 
thods by  which  this  is  effected :  A  is  a  large 
concave  mirror,  either  of  metal  or  of  glass, 
placed  on  the  back  part  of  a  dark  box ;  D  is 
the  performer,  concealed  from  the  spectators 
by  the  cross  partition  c  ;  E  is  a  strong  light, 
which  is  likewise  concealed  by  the  partition 
i,  which  is  thrown  upon  the  actor  u  or  upon 
any  thing  he  may  hold  in  his  hand.  If  he  hold 
a  book,  as  represented  in  the  figure,  the  light 
reflected  from  it  will  pass  between  the  parti- 
tions c  and  i  to  the  mirror,  and  will  be  re- 
flected from  thence  to  z,  where  the  image  of 
the  book  will  appear  so  distinct  and  tangible, 
that  a  spectator  looking  through  the  opening 
at  x  will  imagine  that  it  is  in  his  power  to 

*  Small  glass  mirrors  for  performing  some  of 
the  experiments,  and  illustrating  some  of  the 
principles  above  alluded  to,  may  be  made  of  the 
flattest  kind  of  common  watch  glasses,  by  foliat- 
ing or  covering  with  tin  leaf  and  quicksilver  the 
convex  surfaces  of  such  glasses.  Their  focal  dis- 
tances will  generally  be  from  one  to  two  inches. 
Such  mirrors  afford  a  very  large  and  beautiful 
view  of  the  eye,  when  held  within  their  focal 
distance  of  that  organ.  Such  mirrors  will  also 
serve  the  purpose  of  reflecting  light  on  the  objects 
viewed  by  microscopes.  Larger  mirrors,  of  from 
four  to  eight  inches  diameter,  may  be  had  of  the 
optician  at  different  prices,  varying  from  five  to 
ten  or  fifteen  shillings. 
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take  hold  of  it.     In  like  manner,  the  person 
situated  it  D  may  exhibit  his  own  head  or 

Fig.  26. 


oody,  a  portrait,  a  painting,  a  spectre,  a  land- 
scape, or  any  object  or  device  which  he  can 
strongly  illuminate. 

There  is  another  experiment,  made  with  a 
concave  mirror,  which  has  somewhat  puzzled 
philosophers  to  account  for  the  phenomena. 
Take  a  glass  bottle,  A  C  (fig.  27,)  and  fill  it 
with  water  to  the  point  B ;  leave  the  upper 
* 

Fig.  27. 


part,  B  C,  empty,  and  cork  it  in  the  common 
manner.  Place  this  bottle  opposite  a  concave 
mirror,  and  beyond  its  focus,  that  it  may  ap- 
pear reversed,  and  before  the  mirror  place 
yourself  still  further  distant  from  the  bottle, 
and  it  will  appear  in  the  situation  ABC. 
Now  it  is  remarkable,  in  this  apparent  bottle, 
that  the  water,  which,  according  to  the  laws 
of  catoptrics,  should  appear  at  A  B,  appears, 
on  the  contrary,  at  B  c,  and,  consequently, 
the  part  A  B  appears  empty.  If  the  bottle  be 
inverted  and  placed  before  the  mirror,  its 
image  will  appear  in  its  natural  erect  position, 
and  the  water,  which  is  in  reality  at  B  C 
(fig.  28,)  is  seen  at  A  B.  If,  while  the  bottle 

Fig.  28. 


is  inverted,  it  be  uncorked,  and  the  water  run 


gently  out,  it  will  appear  that,  while  the  part, 
B  C  is  emptying,  that  of  A  B  in  the  image 
is  filling,  and,  what  is  remarkable,  as  soon  as 
the  bottle  is  empty  the  illusion  ceases,  the 
image  also  appearing  entirely  empty.  The 
remarkable  circumstances  in  this  experiment 
are,  first,  not  only  to  see  the  object  where  it 
is  not,  but  also  where  its  image  is  not;  and, 
secondly,  that  of  two  objects  which  are  really 
in  the  same  place,  as  the  surface  of  the  bottle 
and  the  water  it  contains,  the  one  is  seen  at 
one  place,  and  the  other  at  another ;  and  to 
see  the  bottle  in  the  place  of  its  image,  and 
the  water  where  neither  it  nor  its  image  is. 

The  following  experiments  are  stated  by 
Mr.  Ferguson,  in  his  "Lectures  on  Select 
Subjects,"  &c :  "  If  a  fire  be  made  in  a  large 
room,  and  a  smooth  mahogany  table  be  placed 
at  a  good  distance  near  the  wall,  before  a  large 
concave  mirror,  so  placed  that  the  light  of  the 
fire  may  be  reflected  from  the  mirror  to  its 
focus  upon  the  table ;  if  a  person  stand  by 
the  table,  he  will  see  nothing  upon  it  but  a 
longish  beam  of  light :  but  if  he  stand  at  a 
distance  towards  the  fire,  not  directly  between 
the  fire  and  mirror,  he  will  see  an  image  of 
the  fire  upon  the  table,  large  and  erect.  And 
if  another  person,  who  knows  nothing  of  the 
matter  beforehand,  should  chance  to  come 
into  the  room,  and  should  look  from  the  fire 
towards  the  table,  he  would  be  startled  at  the 
appearance,  for  the  table  would  seem  to  be 
on  fire,  and  by  being  near  the  wainscot,  to 
endanger  the  whole  house.  In  this  experi- 
ment there  should  be  no  light  in  the  room 
but  what  proceeds  from  the  fire,  and  the  mir- 
ror ought  to  be  at  least  fifteen  inches  in 
diameter.  If  the  fire  be  darkened  by  a  screen, 
and  a  large  candle  be  placed  at  the  back  of 
the  screen,  a  person  standing  by  the  candle 
will  see  the  appearance  of  a  very  fine  large 
star,  or,  rather,  planet,  upon  the  table,  as 
bright  as  Venus  or  Jupiter.  And  if  a  small 
wax  taper — whose  flame  is  much  less  than  the 
flame  of  the  candle — be  placed  near  the  can- 
dle, a  satellite  to  the  planet  will  appear  on 
the  table ;  and  if  the  taper  be  moved  round 
the  candle,  the  satellite  will  go  round  the 
planet." 

Many  other  illustrations  of  the  effects  of 
concave  specula  might  have  been  given,  but  I 
shall  conclude  this  department  by  briefly 
stating  some  of  the  general  properties  ofspe- 
culums. 

1.  There  is  a  great  resemblance  between 
the  properties  of  convex  lenses  and  concave 
mirrors.  They  both  form  an  inverted  focal 
image  of  any  remote  object,  by  the  conver- 
gence of  the  pencil  of  rays.  In  those  instru- 
ments whose  performances  are  the  effects  of 
reflection,  as  reflecting  telescopes,  the  concave 
mirror  is  substituted  in  the  place  of  the  con- 
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vex  lens.  The  whole  effect  of  these  instru- 
ments, in  bringing  to  view  remote  objects  in 
heaven  and  on  earth,  entirely  depends  on  the 
property  of  a  concave  mirror  in  forming 
images  of  objects  in  its  focus.  2.  The  image 
of  an  object  placed  beyond  the  centre  is  less 
than  the  object ;  if  the  object  be  placed  be- 
tween the  principal  focus  and  the  centre,  the 
image  is  greater  than  the  object.  In  both 
cases  the  image  is  inverted.  3.  When  the 
object  is  placed  between  the  focus  and  the 
mirror,  the  image  situated  behind  the  mirror 
is  greater  than  the  object,  and  it  has  the  same 
direction;  in  proportion  as  the  object  ap- 
proaches the  focus,  the  image  becomes  larger 
and  more  distant.  These  and  similar  results 
are  proved  by  placing  a  lighted  candle  at  dif- 
ferent distances  from  a  concave  mirror.  4.  An 
eye  cannot  see  an  image  in  the  air  except  it 
be  placed  in  the  diverging  rays ;  but  if  the 
image  be  received  on  a  piece  of  white  paper, 
it  may  be  seen  in  any  position  of  the  eye,  as 
the  rays  are  then  reflected  in  every  direction. 
5.  If  a  picture,  drawn  according  to  the  rules 
of  perspective,  be  placed  before  a  large  con- 
cave speculum,  a  little  nearer  than  its  princi- 
pal focus,  the  image  of  the  picture  will  appear 
extremely  natural,  and  very  nearly  like  the 
real  objects  whence  it  was  taken.  Not  only 
are  the  objects  considerably  magnified,  so  as 
to  approach  to  their  natural  size,  but  they 
have  also  different  apparent  distances,  as  in 
nature,  so  that  the  view  of  the  inside  of  a 
church  appears  very  like  what  it  is  in  reality, 
and  representations  of  landscapes  appear  very 
nearly  as  they  do  from  the  spot  whence  they 
were  taken.  In  this  respect  'a  large  concave 
speculum  may  be  made  to  serve  nearly  the 
same  purpose  as  the  Optical  Diagonal  Ma- 
chine in  viewing  perspective  prints.  6.  The 
concave  speculum  is  that  alone  which  is  used 
as  the  great  mirror  which  forms  the  first  image 
in  reflecting  telescopes ;  and  it  is  likewise  the 
only  kind  of  speculum  used  as  the  small  mir- 
ror, in  that  construction  of  the  instrument 
called  the  Gregorian  Reflector. 

Quantify  of  Light  reflected  by  polished  Sur- 
faces. 

As  this  is  a  circumstance  connected  with 
the  construction  of  reflecting  telescopes,  it 
may  not  be  improper,  in  this  place,  to  state 
some  of  the  results  of  the  accurate  experi- 
ments of  M.  Bonguer  on  this  subject.  This 
philosopher  ascertained  that  of  the  light  re- 
flected from  mercury,  or  quicksilver,  more  than 
one-fourth  is  lost,  though  it  is  probable  that 
no  substances  reflect  more  light  than  this. 
The  rays  were  received  at  an  angle  of  eleven 
and  a  half  degrees  of  incidence,  measured 
from  the  surface  of  the  reflecting  body,  and 
not  from  the  perpendicular.  The  reflection 
(762) 


from  water  was  found  to  be  almost  as  great 
as  that  of  quicksilver;  so  that  in  very  small 
angles  it  reflects  nearly  three-fourths  of  the 
direct  light.  This  is  the  reason  why  so  strong 
a  reflection  appears  on  the  water,  when  one 
walks,  in  still  weather,  on  the  brink  of  a  lake 
opposite  to  the  sun.  The  direct  light  of  the  sun 
diminishes  gradually  as  it  approaches  the  ho- 
rizon, while  the  reflected  light  at  the  same 
time  grows  stronger ;  so  that  there  is  a  cer- 
tain elevation  of  the  sun  in  which  the  united 
force  of  the  direct  and  reflected  light  will  be 
the  greatest  possible,  and  this  is  when  he  is 
twelve  or  thirteen  degrees  in  altitude.  On 
the  other  hand,  light  reflected  from  water 
at  great  angles  of  incidence  is  extremely 
small.  When  the  light  was  perpendicular,  it 
reflected  no  more  than  the  thirty-seventh  part 
which  mercury  does  in  the  same  circum- 
stances, and  only  the  fifty-fifth  part  of  what 
fell  upon  it  in  this  case. 

Using  a  smooth  piece  of  glass,  one  line  in 
thickness,  he  found  that,  when  it  was  placed 
at  an  angle  of  fifteen  degrees  with  the  inci- 
dent rays,  it  reflected  628  parts  of  1000  which 
fell  upon  it;  at  the  same  time,  a  metallic 
mirror,  which  he  tried  in  the  same  circum- 
stances, reflecting  only  561  of  them.  At  a 
less  angle  of  incidence  much  more  light  was 
reflected ;  so  that  at  an  angle  of  three  degrees 
the  glass  reflected  700  parts,  and  the  metal 
something  less,  as  in  the  former  case.  The 
most  striking  observations  made  by  this  expe- 
rimenter relate  to  the  very  great  difference  in 
the  quantity  of  light  reflected  at  different  an- 
gles of  incidence.  He  found  that  for  1000 
incident  rays,  the  reflected  rays,  at  different 
angles  of  incidence,  were  as  follows  : 


Angles  of 
incidence. 
5° 

Rays  reflected 
by  water. 
501 

Rays  reflected 
by  glass. 
549 

10 

333 

412 

15 

211 

299 

30 

65 

112 

50 

22 

34 

70 

18 

25 

90 

18 

25 

With  regard  to  such  mirrors  as  the  specula 
of  reflecting  telescopes,  it  will  be  found,  in 
general,  that  they  reflect  little  more  than  the 
one-half  of  the  rays  which  fall  upon  them. 

Uncommon  appearances  in  Nature  produced 
by  the  combined  Influences  of  Reflection 
and  Refraction. 

The  reflection  and  refraction  of  the  rays  of 
light  frequently  produce  phenomena  which 
astonish  the  beholders,  and  which  have  been 
regarded  by  the  ignorant  and  the  superstitious 
as  the  effects  of  supernatural  agency.  Of 
these  phenomena  I  shall  state  a  few  examples. 
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One  of  the  most  striking  appearances  of 
this  kind  is  what  has  been  termed  the  Fata 
Morgana,  or  optical  appearances  of  figures  in 
the  sea  and  the  air,  as  seen  in  the  Faro  of 
Messina.  The  following  account  is  translated 
from  a  work  of  Minasi,  who  witnessed  the 
phenomenon,  and  wrote  a  dissertation  on  the 
subject :  "  When  the  rising  sun  shines  from 
that  point  whence  its  incident  ray  forms  an 
angle  of  about  forty -five  degrees  to  the  sea  of 
Riggio,  and  the  bright  surface  of  the  water  in 
the  bay  is  not  disturbed  either  by  the  wind  or 
the  current,  the  spectator  being  placed  on  an 
eminence  of  the  city,  with  his  back  to  the  sun 
and  his  face  to  the  sea;  on  a  sudden  there 
appear  on  the  water,  as  in  a  catoptric  theatre, 
various  multiplied  objects,  that  is  to  say,  num- 
berless series  of  pilasters,  arches,  castles  well 
delineated,  regular  columns,  lofty  towers,  su- 
perb palaces,  with  balconies  and  windows, 
extended  alleys  of  trees,  delightful  plains  with 
herds  and  flocks,  armies  of  men  on  foot  and 
horseback,  and  many  other  strange  images,  in 
their  natural  colours  and  proper  actions,  pass- 
ing rapidly  in  succession  along  the  surface  of 
the  sea,  during  the  whole  of  the  short  period 
of  time,  while  the  above  mentioned  causes 
remain.  But  if,  in  addition  to  the  circum- 
stances now  described,  the  atmosphere  be 
highly  impregnated  with  vapour  and  dense 
exhalations,  not  previously  dispersed  by  the 
winds  or  the  sun,  it  then  happens  that,  in  this 
vapour,  as  in  a  curtain  extended  along  the 
channel,  at  the  height  of  about  thirty  palms, 
and  nearly  down  to  the  sea,  the  observer  will 
behold  the  scene  of  the  same  objects,  not  only 
reflected  from  the  surface  of  the  sea,  but  like- 
wise in  the  air,  though  not  so  distant  or  well 
defined  as  the  former  objects  from  the  sea. 
Lastly,  if  the  air  be  slightly  hazy  or  opaque, 
and,  at  the  same  time,  dewy,  and  adapted  to 
form  the  iris,  the  then  above-mentioned  objects 
will  appear  only  at  the  surface  of  the  sea,  as 
in  the  first  case,  but  all  vividly  coloured  or 
fringed  with  red,  green,  blue,  and  other  pris- 
matic colours."* 

It  is  somewhat  difficult  to  account  for  all 
the  appearances  here  described,  but,  in  all 
probability,  they  are  produced  by  a  calm  sea, 
and  one  or  more  strata  of  superincumbent  air, 
differing  in  refractive,  and,  consequently,  in 
reflective  power.  At  any  rate,  reflection  and 
refraction  are  some  of  the  essential  causes 
which  operate  in  the  production  of  the  phe- 
nomena. 

The  Mirage,  seen  in  the  desarts  of  Africa, 
is  a  phenomenon,  in  all  probability,  produced 
by  a  similar  cause.  M.  Monge,  who  accom- 
panied the  French  army  to  Egypt,  relates  that, 
when  in  the  desart  between  Alexandria  and 

*  Nicholson's  Journal  of  Natural  Philosophy, 
&c.,4to  series,  p.  225. 


Cairo,  the  mirage  of  the  blue  sky  was  in- 
verted, and  so  mingled  with  the  sand  below 
as  to  give  to  the  desolate  and  arid  wilderness 
an  appearance  of  the  most  rich  and  beautiful 
country.  They  saw,  in  all  directions,  green 
islands,  surrounded  with  extensive  lakes  of 
pure,  transparent  water.  Nothing  could  be 
conceived  more  lovely  and  picturesque  than 
the  landscape.  In  the  tranquil  surface  of  the 
lakes,  the  trees  and  houses  with  which  the 
islands  were  covered  were  strongly  reflected 
with  vivid  and  varied  hues,  and  the  party 
hastened  forward  to  enjoy  the  cool  refresh- 
ments of  shade  and  stream  which  these  popu- 
lous villages  proffered  to  them.  When  they1 
arrived,  the  lake  on  whose  bosom  they  floated, 
the  trees  among  whose  foliage  they  were  em- 
bowered, and  the  people  who  stood  on  the 
shore  inviting  their  approach,  had  all  vanished, 
and  nothing  remained  but  a  uniform  and  irk- 
some desart  of  sand  and  sky,  with  a  few  na- 
ked huts  and  ragged  Arabs.  Had  they  not 
been  undeceived  by  their  nearer  approach, 
there  was  not  a  man  in  the  French  army  who 
would  not  have  sworn  that  the  visionary  trees 
and  lakes  had  a  real  existence  in  the  midst 
of  the  desart. 

Dr.  Clark  observed  precisely  the  same  ap- 
pearance at  Rosetta.  The  city  seemed  sur- 
rounded with  a  beautiful  sheet  of  water  ;  and 
so  certain  was  his  Greek  interpreter — who 
was  unacquainted  with  the  country — of  this 
fact,  that  he  was  quite  indignant  at  an  Arab 
who  attempted  to  explain  to  him  that  it  was 
a  mere  optical  delusion.  At  length  they 
reached  Rosetta  in 
about  two  hours, 
without  meeting 
with  any  water ; 
and,  on  looking 
back  on  the  sand 
they  had  just  cross- 
ed, it  seemed  to 
them  as  if  they 
had  waded  through 
a  vast  blue  lake. 

On    the    1st  of 
August,  1798,  Dr. 
Vince  observed  at 
Ramsgate  a    ship 
which  appeared  as 
at  A  (fig.  29,)  the 
topmast  being  the 
only  part  of  it  that 
was  seen  above  the 
horizon.      An  in- 
verted inage  of  it 
was  seen  at  u,  im- 
mediately     above 
the  real  ship  A,  and  an  erect  image  at  c,  both  of 
them  being  complete  and  well  defined.  The  sea 
was  distinctly  seen  between  the*".,  as  at  v  w. 
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As  the  ship  rose  to  the  horizon,  the  image  c 
gradually  disappeared,  and,  while  this  was 
going  on,  the  image  B  descended,  but  the 
mainmast  of  11  did  not  meet  the  mainmast  of 
A.  The  two  images,  B  c,  were  perfectly  visi- 
ble when  the  whole  ship  was  actually  below 
the  horizon.  Dr.  Vince  then  directed  his 
telescope  to  another  ship  whose  hull  was  just 
in  the  horizon,  and  he  observed  a  complete 
inverted  image  of  it,  the  mainmast  of  which 
just  touched  the  mainmast  of  the  ship  itself. 
He  saw  at  the  same  time  several  other  ships 
whose  images  appeared  in  nearly  a  similar 
manner,  in  one  of  which  the  two  images  were 
visible  when  the  whole  ship  was  beneath  the 
horizon.  These  phenomena  must  have  been 
produced  by  the  same  cause  which  operated 
in  the  case  formerly  mentioned,  in  relation  to 
Captain  Scoresby,  when  he  saw  the  figure  of 
his  father's  ship  inverted  in  the  distant  hori- 
zon. Such  cases,  are  perhaps,  not  uncommon, 
especially  in  calm  and  sultry  weather,  but 
they  are  seldom  observed,  except  when  a  per- 
son's attention  is  accidentally  directed  to  the 
phenomenon,  and,  unless  he  use  a  telescope, 
it  will  not  be  so  distinctly  perceived. 

The  following  phenomenon,  of  a  descrip- 
tion nearly  related  to  the  above,  has  been  sup- 
posed to  be  chiefly  owing  to  reflection  :  On 
the  18th  of  November,  1804,  Dr.  Buchan, 
when  watching  the  rising  sun,  about  a  mile 
to  the  east  of  Brighton,  just  as  the  solar  disk 
emerged  from  the  surface  of  the  water,  saw 
the  face  of  the  cliff  on  which  he  was  standing, 
a  windmill,  his  own  figure,  and  the  figure  of 
his  friend,  distinctly  represented,  precisely  op- 
posite, at  some  distance  from  the  ocean.  This 
appearance  lasted  about  ten  minutes,  till  the 
sun  had  risen  nearly  his  own  diameter  above 
the  sea.  The  whole  then  seemed  to  be  ele- 
vated into  the  air,  and  successively  disap- 
peared. The  surface  of  the  sun  was  covered 
with  a  dense  fog  of  many  yards  in  height, 
which  gradually  receded  from  the  rays  of  the 
sun  as  he  ascended  from  the  horizon. 

The  following  appearance,  most  probably, 
arose  chiefly  from  the  refraction  of  the  atmo- 
sphere ;  It  was  beheld  at  Ramsgate  by  Dr. 
Vince,  of  Cambridge,  and  another  gentleman. 
It  is  well  known  that  the  four  turrets  of  Do- 
ver Castle  are  seen  at  Ramsgate,  over  a  hill 
which  intervenes  between  a  full  prospect  of 
the  whole.  On  the  2d  of  August,  1806,  not 
only  were  the  four  turrets  visible,  but  the 
castle  itself  appeared  as  though  situated  on 
that  side  of  the  hill  nearest  Ramsgate,  and  so 
striking  was  the  appearance  that  for  a  long 
time  the  doctor  thought  it  an  illusion  ;  but  at 
last,  by  accurate  observation,  was  convinced 
that  it  was  an  actual  image  of  the  castle.  He, 
with  another  individual,  observed  it  attentively 
for  twenty  minutes,  but  were  prevented  by 
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rain  from  making  further  observations.  Be- 
tween the  observers  and  the  land  from  which 
the  hill  rises  there  were  about  six  miles 
of  sea,  and  from  thence  to  the  top  of  the  hill 
there  was  about  the  same  distance ;  their  own 
height  above  the  surface  of  the  water  was 
about  seventy  feet.  The  cause  of  this  phe- 
nomenon was,  undoubtedly,  unequal  refrac- 
tion. The  air  being  more  dense  near  the 
ground  and  above  the  sea  than  at  greater 
heights,  reached  the  eye  of  the  observer,  not 
in  straight,  but  in  curvilinear  lines.  If  the 
rays  from  the  castle  had  in  their  path  struck 
an  eye  at  a  much  greater  distance  than  Rams- 
gate, the  probability  is  that  the  image  of  the 
castle  would  have  been  inverted  in  the  air ; 
but,  in  the  present  case,  the  rays  from  the  tur- 
ret and  the  base  of  the  castle  had  not  crossed 
each  other. 

To  similar  causes  as  those  now  alluded  to 
are  to  be  attributed  such  phenomena  as  the 
following : 

The  Spectre  of  the  Bracken.  This  is  won- 
derful, and,  at  first  sight,  a  terrific  phenome- 
non, which  is  sometimes  seen  from  the  sum- 
mit of  one  of  the  Hartz  Mountains  in  Hano- 
ver, which  is  about  3300  feet  above  the  level 
of  the  sea,  and  overlooks  all  the  country  fif- 
teen miles  round.  From  this  mountain  the 
most  gigantic  and  terrific  spectres  have  been 
seen,  which  have  terrified  the  credulous,  and 
gratified  the  curious,  in  a  very  high  degree. 
M.  Hawe,  who  witnessed  this  phenomenon, 
says  the  sun  rose  about  four  o'clock,  after  he 
had  ascended  to  the  summit,  in  a  serene  sky, 
free  of  clouds ;  and,  about  quarter  past  five, 
when  looking  round  to  see  if  the  sky  con- 
tinued clear,  he  suddenly  beheld,  at  a  little 
distance,  a  human  figure  of  a  monstrous  size 
turned  towards  him,  and  glaring  at  him.  While 
gazing  on  this  gigantic  spectre,  with  a  mix- 
ture of  awe  and  apprehension,  a  sudden  gust 
of  wind  nearly  carried  off  his  hat,  and  he 
clapped  his  hand  to  his  head  to  detain  it, 
when  to  his  great  delight,  the  colossal  spectre 
did  the  same.  He  changed  his  body  into  a 
variety  of  attitudes,  all  which  the  spectre 
exactly  imitated,  and  then  suddenly  vanished 
without  any  apparent  cause,  and  in  a  short 
time  as  suddenly  appeared.  Being  joined  by 
another  spectator,  after  the  first  visions  had 
disappeared,  they  kept  steadily  looking  for  the 
aerial  spectres,  when  two  gigantic  monsters 
suddenly  appeared.  These  spectres  had  been 
long  considered  as  preternatural  by  the  inha- 
bitants of  the  adjacent  districts,  and  the  whble 
country  had  been  filled  with  awe  and  terror. 
Some  of  the  lakes  of  Ireland  are  found  to  be 
susceptible  of  producing  illusions,  particularly 
the  Lake  of  Killamey.  This  romantic  sheet 
of  water  is  bounded  on  one  side  by  a  semi- 
circle of  rugged  mountains,  and  on  the  other 
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by  a  flat  morass  ;  and  the  vapours  generated 
in  the  marsh,  and  broken  by  the  mountains, 
continually  represent  the  most  fantastic  ob- 
jects. Frequently  men  riding  along  the 
shore  are  seen  as  if  they  were  moving  across 
the  lake,  which  is  supposed  to  have  given  rise 
to  the  legend  of  O'Donougho,  a  magician 
who  is  said  to  be  visible  on  the  lake  every 
May  morning. 

There  can  be  little  doubt  that  most  of  those 
visionary  appearances  which  have  been  fre- 
quently seen  in  the  sky  and  in  mountainous 
regions,  are  phantoms  produced  by  the  cause 
to  which  I  am  adverting,  such  as  armies  of 
footmen  and  horsemen,  which  some  have  as- 
serted to  have  been  seen  in  the  air  near  the 
horizon.  A  well-authenticated  instance  of 
this  kind  occurred  in  the  highlands  of  Scot- 
land :  Mr.  Wren,  of  Wetton  Hall,  and  I). 
Stricket,  his  servant,  in  the  year  1744,  were 
sitting  at  the  door  of  the  house  in  a  summer 
evening,  when  they  were  surprised  to  see  op- 
posite to  them,  on  the  side  of  Sonterfell  hill — 
a  place  so  extremely  steep  that  scarce  a  horse 
could  walk  slowly  along  it — the  figure  of  a 
man  with  a  dog  pursuing  several  horses,  all 
running  at  a  most  rapid  pace.  Onward  they 
passed,  till  at  last  they  disappeared  at  the 
lower  end  of  the  Fell.  In  expectation  of 
finding  the  man  dashed  to  pieces  by  so  tre- 
mendous a  fall,  they  went  early  next  morn- 
ing and  made  a  search,  but  no  trace  of  man 
or  horse,  or  the  prints  of  their  feet  on  the 
turf  could  be  found.  Some  time  afterward, 
about  seven  in  the  evening,  on  the  same  spot, 
they  beheld  a  troop  of  horsemen  advancing 
in  close  ranks  and  at  a  brisk  pace.  The  in- 
mates of  every  cottage  for  a  mile  round  beheld 
the  wondrous  scene,  though  they  had  formerly 
ridiculed  the  story  told  by  Mr.  Wren  and  his 
servant,  and  were  struck  with  surprise  and 
fear.  The  figures  were  seen  for  upward  of 
two  hours,  till  the  approach  of  darkness  ren- 
dered them  invisible.  The  various  evolutions 
and  changes  through  which  the  troops  passed 
were  distinctly  visible,  and  were  marked  by 
all  the  observers.  It  is  not  improbable  that 
these  aerial  troopers  were  produced  by  the 
same  cause  which  made  the  castle  of  Dover 
to  appear  on  the  side  of  the  hill  next  to  Rams- 
gate,  and  it  is  supposed  that  they  were  images 
of  a  body  of  rebels,  on  the  other  side  of  the 
hill,  exercising  themselves  previous  to  the  re- 
bellion in  1745.* 

I  shall   mention  only  another  instance  of 

*  There  can  be  little  doubt  that  some  of  the 
facts  ascribed,  in  the  western  highlands  of  Scot- 
land, to  second  sight,  have  been  owing  to  the  un- 
usual refraction  of  the  atmosphere  ;  as  one  of 
the  peculiarities  attributed  to  those  who  possessed 
this  faculty  was,  that  they  were  enabled  to  descry 
boats  and  ships  before  they  appeared  in  the  ho- 
rizon. 


this  description  which  lately  occurred  in 
France,  and  for  a  time  caused  a  powerful 
sensation  among  all  ranks.  On  Sunday,  the 
17th  of  December,  1826,  the  clergy  in  the 
parish  of  Migne,  in  the  vicinity  of  Poictiers, 
were  engaged  in  the  exercises  of  the  Jubilee 
which  preceded  the  festival  of  Christmas,  and 
a  number  of  persons,  to  the  amount  of  3000 
souls  assisted  in  the  service.  They  had  planted, 
as  part  of  the  ceremony,  a  large  cross,  twenty- 
five  feet  high,  and  painted  red,  in  the  open 
air  beside  the  church.  While  one  of  the 
preachers,  about  five  in  the  evening,  was 
addressing  the  multitude,  he  reminded  them 
of  the  miraculous  cross  which  appeared  in  the 
sky  to  Constantine  and  his  army,  and  the 
effect  it  produced,  when  suddenly  a  similar 
celestial  cross  appeared  in  the  heavens  just 
before  the  porch  of  the  church,  about  200 
feet  above  the  horizon,  and  140  feet  in  length, 
and  its  breadth  from  three  to  four  feet,  of  a 
bright  silver  colour,  tinged  with  red.  The 
curate  and  congregation  fixed  their  wonder- 
ing gaze  upon  this  extraordinary  phenomenon, 
and  the  effect  produced  on  the  minds  of  the 
assembly  was  strong  and  solemn ;  they  spon- 
taneously threw  themselves  on  their  knees; 
and  many,  who  had  been  remiss  in  their  reli- 
gious duties,  humbly  confessed  their  sins,  and 
made  vows  of  penance  and  reformation.  A 
commission  was  appointed  to  investigate  the 
truth  of  this  extraordinary  appearance,  and  a 
memorial  stating  the  above  and  other  facts, 
was  subscribed  by  more  than  forty  persons 
of  rank  and  intelligence,  so  that  no  doubt  was 
entertained  as  to  the  reality  of  the  pheno- 
menon. By  many  it  was  considered  as 
strictly  miraculous,  as  having  happened  at 
the  time  and  in  the  circumstances  mentioned. 
But  it  is  evident,  from  what  we  have  already 
stated,  that  it  may  be  accounted  for  on  physi- 
cal principles.  The  large  cross  of  wood 
painted  red  was  doubtless  the  real  object 
which  produced  the  magnified  image.  The 
state  of  the  atmosphere,  according  to  the  de- 
scriptions given  in  the  memorial,  must  have 
been  favourable  for  the  production  of  such 
images.  The  spectrum  of  the  wooden  cross 
must  have  been  cast  on  the  concave  surface 
of  some  atmospheric  mirror,  and  so  reflected 
back  to  the  eyes  of  the  spectators  from  an 
opposite  place,  retaining  exactly  the  same 
shape  and  proportions,  but  dilated  in  size ; 
and,  what  is  worthy  of  attention,  it  was  tinged 
with  red,  the  very  colour  of  the  object  of  which 
it  was  the  reflected  image. 

Such  phenomena  as  we  have  now  described, 
and  the  causes  of  them  which  science  is  able 
to  unfold,  are  worthy  of  consideration,  in 
order  to  divest  the  mind  of  superstitious 
terrors,  and  enable  it  clearly  to  perceive  the 
laws  by  which  the  Almighty  directs  the  move- 
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ments  of  the  material  system.  When  any 
appearance  in  nature,  exactly  the  reverse  of 
every-thing  we  could  have  previously  con- 
ceived, presents  itself  to  view,  and  when  we 
know  of  no  material  cause  by  which  it  could 
be  produced,  the  mind  must  feel  a  certain 
degree  of  awe  and  terror,  and  will  naturally 
resort  to  supernatural  agency  as  acting  either 
in  opposition  to  the  established  laws  of  the 
universe,  or  beyond  the  range  to  which  they 
are  confined.  Besides  the  fears  and  appre- 
hensions to  which  such  erroneous  conceptions 
give  rise,  they  tend  to  convey  false  and  dis- 
torted impressions  of  the  attributes  of  the 
Deity,  and  of  His  moral  government.  Science, 
therefore,  performs  an  invaluable  service  to 
man,  by  removing  the  cause  of  superstitious 
alarms,  by  investigating  the  laws  and  prin- 
ciples which  operate  in  the  physical  system, 
and  by  assigning  reasons  for  those  occasional 
phenomena  which  at  first  sight  appeared  be- 
yond the  range  of  the  operation  of  natural 
causes. 

The  late  ingenious  Dr.  Wollaston  illus- 
trated the  causes  of  some  of  the  phenomena 
we  have  described,  in  the  following  manner : 
He  looked  along  the  side  of  a  red-hot  poker 
at  a  word  or  object  ten  or  twelve  feet  distant ; 
and  at  a  distance  less  than  three-eighths  of 
an  inch  from  the  line  of  the  poker,  an  inverted 
image  was  seen,  and  within  and  without  that 
image,  an  erect  image,  in  consequence  of  the 
change  produced,  by  the  heat  of  the  poker, 
in  the  density  of  the  air.  He  also  suggested 
the  following  experiment  as  another  illustra- 
tion of  the  same  principle,  namely,  on  viewing 
an  object  through  a  stratum  of  spirit  of  wine 
lying  above  water,  or  a  stratum  of  water  laid 
above  one  of  syrup.  He  poured  into  a  square 
vial  a  small  quantity  of  clear  syrup,  and  above 
this  he  poured  an  equal  quantity  of  water, 
which,  gradu- 

Fig.  30.  allv  combined 

with  the  sy- 
rup, as  seen  at 
A,  fig.  30. 
The  word 
"  Syrup,"  on  a 
card  held  be- 
hind the  bot- 
tle appeared 
erect  when 
seen  through 
the  pure  spirit, 
but  inverted 
when  seen 
through  the 
mixture  of 
water  and 
syrup.  He 
afterward  put 

nearly  the  same  quantity  of  rectified  spirits 
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of  wine  above  the  water,  as  seen  at  B,  and 
he  saw  the  appearance  as  represented,  namely, 
the  true  place  of  the  word  "  Spirit,"  and  the 
inverted  and  erect  images  below.  These 
substances,  by  their  gradual  incorporation, 
produce  refracting  power,  diminishing  from 
the  spirit  of  wine  to  the  water,  or  from  the 
syrup  to  the  water  ,•  so  that,  by  looking  through 
the  mixed  stratum,  an  inverted  image  of  any 
object  is  seen  behind  the  bottle.  These  ex- 
periments show  that  the  mirage  and  several 
other  atmospherical  phenomena  may  be  pro- 
duced by  variations  in  the  refractive  power  of 
different  strata  of  the  atmosphere. 

It  is  not  unlikely  that  phenomena  of  a  new 
and  different  description  from  any  we  have 
hitherto  observed,  may  be  produced  from  the 
same  causes  to  which  we  have  adverted.  A 
certain  optical  writer  remarks :  "  If  the  varia- 
tion of  the  refractive  power  of  the  air  takes 
place  in  a  horizontal  line  perpendicular  to  the 
line  of  vision,  that  is,  from  right  to  left,  then 
we  may  have  a  lateral  mirage,  that  is,  an 
image  of  a  ship  may  be  seen  on  the  right  or 
left  hand  of  the  real  ship,  or  on  both,  if  the 
variation  of  refractive  power  is  the  same  on 
each  side  of  the  line  of  vision,  and  a  fact  of 
this  kind  was  once  observed  on  the  Lake  of 
Geneva.  If  there  should  happen  at  the  same 
time  both  a  vertical  and  a  lateral  variation  of 
refractive  power  in  the  air,  and  if  the  varia- 
tion should  be  such  as  to  expand  or  elongate 
the  object  in  both  directions,  then  the  object 
would  be  magnified  as  if  seen  through  a  tele- 
scope, and  might  be  seen  and  recognized  at  a 
distance  at  which  it  would  otherwise  have 
been  visible.  If  the  refracting  power,  on  the 
contrary,  varied  so  as  to  construct  the  object 
in  both  directions,  the  image  of  it  would  be 
diminished  as  if  seen  through  a  concave  lens." 

Remarks  and  Reflections  in  reference  to  the 
Phenomena  described  above. 

Such,  then,  are  some  of  the  striking  and 
interesting  effects  produced  by  the  refraction 
and  the  reflection  of  the  rays  of  light.  As 
the  formation  of  the  images  of  objects  by  con- 
vex lenses  lays  the  foundation  of  the  con- 
struction of  refracting  telescopes  and  micro- 
scopes, and  of  all  the  discoveries  they  have 
brought  to  light,  so  the  property  of  concave 
specula,  in  forming  similar  images,  is  that  on 
which  the  construction  of  reflecting  telescopes 
entirely  depends.  To  this  circumstance  Her- 
schel  was  indebted  for  the  powerful  telescopes 
he  was  enabled  to  construct — which  were  all 
formed  on  the  principle  of  reflection — and  for 
all  the  discoveries  they  enabled  him  to  make 
in  the  planetary  system,  and  in  the  sidereal 
heavens.  The  same  principles  which  operate 
in  optical  instruments,  under  the  agency  of 
man,  we  have  reason  to  believe  frequently 
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act  on  a  more  expansive  scale  in  various  parts 
of  the  system  of  nature.  The  magnificent 
cross  which  astonished  the  preacher  and  the 
immense  congregation  assembled  at  Migne, 
was,  in  all  probability,  caused  by  a  vast  atmo- 
spherical speculum  formed  by  the  hand  of 
nature,  and  representing  its  objects  on  a  scale 
far  superior  to  that  of  human  art ;  and  pro- 
bably to  the  same  cause  is  to  be  attributed 
the  singular  phenomenon  of  the  coast  of 
France  having  been  made  to  appear  within 
two  or  three  miles  of  the  town  of  Hastings, 
as  formerly  described,  (see  p.  28.)  Many 
other  phenomena  which  we  have  never  wit- 
nessed, and  of  which  we  can  form  no  con- 
ception, may  be  produced  by  the  same  cause 
operating  in  an  infinity  of  modes. 

The  facts  we  have  stated  above,  and  the 
variety  of  modes  by  which  light  may  be  re- 
fracted and  reflected  by  different  substances 
in  nature,  lead  us  to  form  some  conceptions 
of  the  magnificent  and  diversified  scenes 
which  light  may  produce  in  other  systems 
and  worlds  under  the  arrangements  of  the 
all-wise  and  beneficient  Creator.  Light,  in 
all  its  modifications  and  varieties  of  colour 
and  reflection,  may  be  considered  as  the 
beauty  and  glory  of  the  universe,  and  the 
source  of  unnumbered  enjoyments  to  all  its 
inhabitants.  It  is  a  symbol  of  the  Divinity 
himself;  for  "  GOD  is  LIGHT,  and  in  Him  is 
no  darkness  at  all."  It  is  a  representative  of 
Him  who  irs  exhibited  in  the  sacred  oracles  as 
"The  SUN  of  Righteousness,"  and  "the 
LIGHT  of  the  world."  It  is  an  emblem  of  the 
glories  and  felicities  of  that  future  world 
where  knowledge  shall  be  perfected  and  hap- 
piness complete ;  for  its  inhabitants  are  desig- 
nated "  the  saints  in  light  ,•"  and  it  is  declared 
in  sacred  history  to  have  been  the  first-born 
of  created  beings.  In  our  lower  world,  its 
effects  on  the  objects  which  surround  us,  and 
ite  influences  upon  all  sensitive  beings,  are 
multifarious  and  highly  admirable.  While 
passing  from  infinitude  to  infinitude,  it  reveals 
the  depth  and  immensity  of  the  heavens,  the 
glory  of  the  sun,  the  beauty  of  the  stars,  the 
arrangements  of  the  planets,  the  rainbow  en- 
compassing the  sky  with  its  glorious  circle, 
the  embroidery  of  flower,  the  rich  clothing  of 
the  meadows,  the  valleys  standing  thick  with 
corn,  "  the  cattle  on  a  thousand  hills,"  the 
rivers  rolling  through  the  plains,  and  the  wide 
expanse  of  the  ocean.  But  in  other  worlds 
the  scenes  it  creates  may  be  far  more  resplen- 
dent and  magnificent.  This  may  depend 
upon  the  refractive  and  reflective  powers  with 
which  the  Creator  has  endowed  the  atmo- 
spheres of  other  planets,  and  the  peculiar 


constitution  of  the  various  objects  with  which 
they  are  connected.  It  is  evident,  from  what 
we  already  know  of  the  reflection  of  light, 
that  very  slight  modifications  of  certain  phy- 
sical principles,  and  very  slight  additions  to 
the  arrangements  of  our  terrestrial  system, 
might  produce  scenes  of  beauty,  magnificence, 
and  splendour  of  which  at  present  we  can 
form  no  conception.  And  it  is  not  unlikely 
that  by  such  diversities  of  arrangement  in 
other  worlds  an  infinite  variety  of  natural 
scenery  is  produced  throughout  the  uni- 
verse. 

In  the  arrangements  connected  with  the 
planet  Saturn,  and  the  immense  rings  with 
which  it  is  encompassed,  and  in  the  various 
positions .  which  its  satellites  daily  assume 
with  regard  to  one  another,  to  the  planet 
itself,  and  to  these  rings,  there  is,  in  all  pro- 
bability, a  combination  of  refractions,  reflec- 
tions, light,  and  shadows,  which  produce 
scenes  wonderfully  diversified,  and  surpassing 
in  grandeur  what  we  can  now  distinctly  con- 
ceive. In  the  remote  regions  of  the  heavens 
there  are  certain  bodies  composed  of  immense 
masses  of  luminous  matter,  not  yet  formed 
into  any  regular  system,  and  which  are  known 
by  the  name  of  nebulae.  What  should  hinder 
us  from  supposing  that  certain  exterior  por- 
tions of  those  masses  form  speculums  of  enor- 
mous size,  as  some  parts  of  our  atmosphere 
are  sometimes  found  to  do  ?  Such  specula 
may  be  conceived  to  be  hundreds  and  even 
thousands  of  miles  in  diameter,  and  that  they 
may  form  images  of  the  most  distant  objects 
in  the  heavens,  on  a  scale  of  immense  mag- 
nitude and  extent,  and  which  may  be  reflect- 
ed, in  all  their  grandeur,  to  the  eyes  of  intel- 
ligences at  a  vast  distance.  And,  if  the  organs 
of  vision  of  such  beings  be  far  superior  to  ours 
in  acuteness  and  penetrating  power,  they  may 
thus  be  enabled  to  take  a  survey  of  an  im- 
mense sphere  of  vision,  and  to  descry  magni- 
ficent objects  at  distances  the  most  remote 
from  the  sphere  they  occupy.  Whatever 
grounds  there  may  be  for  such  suppositions, 
it  must  be  admitted  that  all  the  knowledge 
we  have  hitherto  acquired  respecting  the 
operation  of  light,  and  the  splendid  effects  it 
is  capable  of  producing,  is  small  indeed,  and 
limited  to  a  narrow  circle,  compared  with  the 
immensity  of  its  range,  the  infinite  modifica- 
tions it  may  undergo,  and  the  wondrous 
scenes,  it  may  create  in  regions  of  creation  to 
which  human  eyes  have  never  yet  penetrated, 
and  which  may  present  to  view  objects  of 
brilliancy  and  magnificence  such  as  "Eye 
hath  not  yet  seen,  nor  ear  heard,  nor  hath  it 
entered  into  the  heart  of  man  to  conceive." 
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CHAPTER  V. 


SECTION  1. 
On  the  Colours  of  Light. 

We  have  hitherto  considered  light  chiefly 
as  a  simple  homogeneous  substance,  as  if  all 
its  rays  were  white,  and  as  if  they  were  all 
refracted  in  the  same  manner  by  the  different 
lenses  on  which  they  fall.  Investigations, 
however,  into  the  nature  of  this  wonderful 
fluid  have  demonstrated  that  this  is  not  the 
case,  and  that  it  is  possessed  of  certain  addi- 
tional properties  of  the  utmost  importance  in 
the  system  of  nature.  Had  every  ray  of  light 
been  a  pure  white,  and  incapable  of  being 
separated  into  any  other  colours,  the  scene 
of  the  universe  would  have  exhibited  a  very 
different  aspect  from  what  we  now  behold. 
One  uniform  hue  would  have  appeared  over 
the  whole  face  of  nature,  and  one  object  could 
scarcely  have  been  distinguished  from  an- 
other. The  different  shades  of  verdure  which 
now  diversify  every  landscape,  the  brilliant 
colouring  of  the  flowery  fields,  and  almost  all 
the  beauties  and  sublimities  which  adorn  this 
lower  creation  would  have  been  withdrawn. 
But  it  is  now  ascertained  that  every  ray  of 
white  light  is  composed  of  an  assemblage  of 
colours,  whence  proceed  that  infinite  variety 
of  shade  and  colour  with  which  the  whole  of 
our  terrestrial  habitation  is  .arrayed.  Those 
colours  are  found  not  to  be  in  the  objects 
themselves,  but  in  the  rays  of  light  which  fall 
upon  them,  without  which  they  would  either 
be  invisible,  or  wear  a  uniform  aspect.  In 
reference  to  this  point,  Goldsmith  has  well 
observed :  "  The  blushing  beauties  of  the  rose, 
the  modest  blue  of  the  violet,  are  not  in  the 
flowers  themselves,  but  in  the  light  that 
adorns  them.  Odour,  softness,  and  beauty 
of  figure  are  their  own ;  but  it  is  light  alone 
that  dresses  them  up  in  those  robes  which 
shame  the  monarch's  glory." 

Many  strange  opinions  and  hypotheses 
were  entertained  respecting  colours  by  the 
ancients,  and  even  by  many  modern  writers, 
prior  to  the  time  of  Sir  Isaac  Newton.  The 
Pythagoreans  called  colour  the  superficies  of 
bodies ;  Plato  said  that  it  was  a  flame  issuing 
from  them.  According  to  Zeno,  it  is  the  first 
configuration  of  matter;  and  according  to 
Aristotle,  it  is  that  which  moves  bodies  ac- 
tually transparent  Among  the  moderns,  Des 
Cartes  imagined  that  the  difference  of  colour 
proceeds  from  the  prevalence  of  the  direct  or 
rotatory  motions  of  the  particles  of  light. 
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Grimaldi,  Dechales,  and  others,  thought  the 
differences  of  colour  depended  upon  the  quick 
or  slow  vibrations  of  a  certain  elastic  medium 
filling  the  whole  universe.     Rohault  imagined 
that  the  different  colours  were  made  by  the 
rays  of  light  entering  the  eye  at  different  an- 
gles with  respect  to  the  optic  axis ;  and  Dr. 
Hook  conceived  that  colour  is  caused  by  the 
sensation  of  the  oblique  or  uneven  pulse  of 
light ;  and  this  being  capable  of  no  more  than 
two  varieties,  he  concluded  that  there  could 
be  no  more  than  two  primary  colours.     Such 
were  some  of  the  crude  opinions  which  pre- 
vailed before  the  era  of  the  illustrious  New- 
ton, by  whose  enlightened  investigations  the 
true  theory  of  colours  was  at  last  discovered. 
In  the  year  1666  this  philosopher  began  to 
investigate  the  subject,  and  finding  the  coloured, 
image  of  the  sun,  formed  by  a  glass  prism,  to 
be  of  an  oblong,  and  not  of  a  circular  form, 
as,  according  to  the  laws  of  refraction,  it  ought 
to  be,  he  was  surprised   at  the  great  dispro- 
portion between  its  length  and  breadth,  the 
former  being  five  times  the  length  of  the  lat- 
ter ;  and  he  began  to  conjecture  that  light  is 
not  homogeneal,  but  that  it  consists  of  rays, 
some  of  which  are  much  more  refrangible 
than  others.    Prior  to  this  period,  philosophers 
supposed  that  all  light,  in  passing  out  of  one 
medium  into  another  of  different  density,  was 
equally  refracted,  in  the  same  or  like  circum- 
stances ;  but  Newton  discovered  that  this  is 
not  the  fact ;  but  that  there  are  different  spe- 
cies of  light,  and  that  each  species  is  disposed 
both  to  suffer  a  different  degree  of  refrangibi- 
lity  in  passing  out  of  one  medium  into  aji- 
other,  and  to  excite  in  us  the  idea  of  a  different 
colour  from   the   rest;   and  that  bodies  ap- 
pear of  that  colour  which  arises  from  the  pe- 
culiar rays  they  are  disposed  to  reflect.     It  is 
now,  therefore,  universally  acknowledged  that 
the  light  of  the  sun,  which  to  us  seems  per- 
fectly homogeneal  and  white,  is  composed  of 
no  fewer  than  seven  different  colours,  namely, 
Red,   Orange,  Yellow,  Green,  Blue,  Indigo, 
and  Violet.     A  body  which  appears  of  a  red 
colour  has  the  property  of  reflecting  the  red 
rays  more  powerfully  than  any  of  the  others ; 
a  body  of  a  green  colour  reflects  the  green 
rays  more  copiously  than  rays  of  any  other 
colour,  and  so  of  the  orange,  yellow,  blue, 
purple,  and  violet.     A  body  which  is  of  a 
black  colour,  instead  of  reflecting,  absorbs  all, 
or  the  greater  part  of  the  rays  that  fall  upon 
it;  and,  on  the  contrary,  a  body  t*iat  appears 
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white  reflects  the  greater  part  of  the  rays  in- 
discriminately, without  separating  the  ona 
from  the  other. 

Before  proceeding  to  describe  the  experi- 
ments by  which  the  above  results  were  ob- 
tained, it  may  be  proper  to  give  some  idea  of 
the  form  and  effects  of  the  prism  by  which 
such  experiments  are  made.  This  instrument 
is  triangular  and  straight,  and  generally  about 
three  or  four  inches  long.  It  is  commonly 
made  of  white  glass,  as  free  as  possible  from 
veins  and  bubbles,  and  other  similar  defects, 
and  is  solid  throughout.  Its  lateral  faces,  or 
sides,  should  be  perfectly  plane,  and  of  a  fine 
polish.  The  angle  formed  by  the  two  faces, 
one  receiving  the  ray  of  light  that  is  refracted 
in  the  instrument,  and  the  other  affording  it 
an  issue  on  its  returning  into  the  air,  is  called 
the  refracting  angle  of  the  prism,  as  A  C  B 
(fig.  31.)  The  manner  in  which  Newton 
performed  his  experiments,  and  established 
the  discovery  to  which  we  have  alluded  is  as 
follows : 

Fig.  31. 


In  the  window-shutter,  E  G  (fig.  31,)  of 
a  dark  room,  a  hole,  F,  was  made,  of  abput 
one-third  of  an  inch  diameter,  and  behind  it 
was  placed  a  glass  prism,  A  C  B,  so  that  the 
beam  of  light,  £  F,  proceeding  directly  from 
the  sun,  was  made  to  pass  through  the  prism. 
Before  the  interposition  of  the  prism,  the 
beam  proceeded  in  a  straight  line  towards  T, 
where  it  formed  a  round,  white  spot ;  but,  be- 
ing now  bent  out  of  its  course  by  the  prism, 
it  formed  an  oblong  image,  O  P,  upon  the 
white  pasteboard,  or  screen,  L  M,  containing 
the  seven  colours  marked  in  the  figure,  the 
red  being  the  least,  and  the  violet  the  most 
refracted  from  the  original  direction  of  the 
solar  beam,  S  T.  This  oblong  image  is  called 
the  prismatic  spectrum.  If  the  refracting 
angle  of  the  prism,  A  C  B,  be  64  degrees, 
and  the  distance  of  the  pasteboard  from  the 
prism  about  18  feet,  the  length  of  the  image, 
0  P,  will  be  about  ten  inches,  and  the  breadth 
2  inches.  The  sides  of  the  spectrum  are 
right  lines  distinctly  bounded,  and  the  ends 
are  semi-circular.  From  this  circumstance, 
it  is  evident  that  it  is  still  the  image  of  the 
sun,  but  elongated  by  the  refractive  power  of 
the  prism.  It  is  evident  from  the  figure  that, 
since  some  part  of  the  beam,  R  O,  is  refracted 
much  further  out  of  its  natural  co-arse  W  T 
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than  some  other  part  of  the  beam,  as  W  P, 
the  rays  towards  R  0  have  a  much  greater 
disposition  to  be  refracted  than  those  towards 
W  P ;  and  that  this  disposition  arises  from 
the  naturally  different  qualities  of  those  rays, 
is  evident  from  this  consideration,  that  the 
refracting  angle  or  power  of  the  prism  is  the 
same  in  regard  to  the  superior  part  of  the 
beam  as  to  the  inferior. 

By  making  a  hole  in  the  screen,  L  M, 
opposite  any  one  of  the  colours  of  the  spec- 
trum, so  as  to  allow  that  colour  alone  to  pass 
— and  by  letting  the  colour  thus  separated 
fall  upon  a  second  prism — Newton  found  that 
the  light  of  each  of  the  colours  was  alike  re- 
frangible, because  the  second  prism  could  not 
separate  them  into  an  oblong  image,  or  into 
any  other  colour.  Hence  he  called  all  the 
seven  colours  simple  or  homogeneous,  in 
opposition  to  white  light,  which  he  called 
compound,  or  heterogeneous.  With  the 
prism  which  this  philosopher  used,  he  found 
the  lengths  of  the  colours  and  spaces  of  the 
spectrum  to  be  as  follows :  Red,  45  ;  Orange, 
27 ;  Yellow,  40 ;  Green,  60  ;  Blue,  60 ;  Indigo, 
48 ;  Violet,  80 ;  or  360  in  all.  But  these 
spaces  vary  a  little  with  prisms  formed  of  dif- 
ferent substances,  and,  as  they  are  not  sepa- 
rated by  distinct  limits,  it  is  difficult  to  obtain 
any  thing  like  an  accurate  measure  of  their 
relative  extents.  Newton  examined  the 
ratio  between  the  sines  of  incidence  and  re- 
fraction of  these  decompounded  rays  (see  p. 
20,)  and  found  that  each  of  the  seven  pri- 
mary colour-making  rays  had  certain  limits 
within  which  they  were  confined.  Thus,  let 
the  sine  of  incidence  in  glass  be  divided  into 
50  equal  parts,  the  sine  of  refraction  into  air 
of  the  least  refrangible,  and  the  most  refrangi- 
ble rays  will  contain  respectively  77  and  78 
such  parts.  The  sines  of  refraction  of  all  the 
degrees  of  red  will  have  the  intermediate 
degrees  of  magnitude,  from  77  to  77  one- 
eighth  ;  ^-ange,  from  77  one-eighth  to  77 
one-fifth ;  Yellow,  from  77  one-fifth  to  77  one- 
third  ;  Green,  from  77  one-third  to  77  one- 
half;  Blue,  from  77  one-half  to  77  two-thirds ; 
Indigo,  from  77  two-thirds  to  77  seven-ninths; 
and  Violet,  from  77  seven-ninths  to  78. 

From  what  has  been  now  stated,  it  is  evi- 
dent that,  in  proportion  as  any  portion  of  an 
optic  glass  bears  a  resemblance  to  the  form 
of  a  prism,  the  component  rays  that  pass 
through  it  must  be  necessarily  separated,  and 
will  consequently  paint  or  tinge  the  object, 
with  colours.  The  edges  of  every  convex 
lens  approach  to  this  form,  and  it  is  on  this 
account  that  the  extremities  of  objects,  when 
viewed  through  them,  are  found  to  be  tinged, 
with  the  prismatic  colours.  In  such  a  glass, 
therefore,  those  different  coloured  rays  will 
have  different  foci,  and  will  form  their  re- 
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spective  images  at  different  distances  from  the 
lens.     Thus,  suppose  L  N  (fig.  32)  to  repre- 


O 


sent  a  double  convex  lens,  and  0  B  an  ob- 
ject at  some  distance  from  it.  If  the  object 
O  B  was  of  a  pure  red  colour,  the  rays  pro- 
ceeding from  it  would  form  a  red  image  at  R 
R  ;  if  the  object  was  of  a  violet  colour,  an 
image  of  that  colour  would  be  formed  at  V\ ; 
nearer  the  lens ;  and  if  the  object  was  white, 
or  any  other  combination  of  the  colour-making 
rays,  those  rays  would  have  their  respective 
foci  at  different  distances  from  the  lens,  and 
form  a  succession  of  images,  in  the  order  of 
the  prismatic  colours,  between  the  space  R  R 
and  Fv. 

This  may  be  illustrated  in  the  following 
manner:  Take  a  card  or  slip  of  white  paste- 
board, as  A  B  E  F  (fig.  33,)  and  paint  one- 


half,  A  B  C  D,  red,  the  other  half,  C  F, 
violet  or  indigo,  and,  tying  black  threads 
across  it,  set  it  near  the  flame  of  a  candle,  G ; 
then  take  a  lens,  H  I,  and,  holding  a  sheet 
of  white  paper  behind  it,  move  it  backward 
and  forward  upon  the  edge  of  r,  graduated 
ruler  till  you  see  the  black  threads  most  dis- 
tinctly in  the  image,  and  you  will  find  the 
focus  of  the  violet  F  E  much  nearer  than  that 
of  the  red  A  c,  which  plainly  shows  that 
bodies  of  different  colours  can  never  be  de- 
picted by  convex  lenses  without  some  degree 
of  confusion. 

The  quantity  of  dispersion  of  the  coloured 
rays  in  convex  lenses  depends  upon  the  focal 
length  of  the  glass,  the  space  which  the 
coloured  images  occupy  being  about  the 
twenty-eighth  part.  Thus,  if  the  lens  be 
twenty-eight  inches  focal  distance,  the  space 
between  R  R  and  Fy  (fig.  32)  will  be  about 
one  inch ;  if  it  be  twenty-eight  feet  focus,  the 
same  space  will  be  about  one  foot,  and  so  on 
in  proportion.  Now,  when  such  a  succession 
of  images,  formed  by  the  different  coloured 
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rays,  is  viewed  through  an  eye-glass,  it  wil 
seem  to  form  but  one  image,  and,  conse- 
quently, very  indistinct,  and  tinged  with 
various  colours ;  and  as  the  red  figure,  R  H, 
is  largest,  or  seen  under  the  greatest  angle, 
the  extreme  parts  of  this  confused  image  will 
be  red,  and  a  succession  of  the  prismatic 
colours  will  be  formed  within  this  red  fringe, 
as  is  generally  found  in  common  refracting 
telescopes,  constructed  with  a  single  object- 
glass.  It  is  owing  to  this  circumstance  that 
the  common  refracting  telescope  cannot  be 
much  improved  without  having  recourse  to 
lenses  of  a  very  long  focal  distance;  and 
hence,  about  150  years  ago,  such  telescopes 
were  constructed  of  80,  and  100,  and  120 
feet  in  length.  But  still,  the  image  was  not 
formed  so  distinctly  as  was  desired,  and 
the  aperture  of  the  object-glass  was  obliged 
to  be  limited.  This  is  a  defect  which  was 
long  regarded  as  without  a  remedy,  and  even 
Newton  himself  despaired  of  discovering  any 
means  by  which  the  defects  of  refracting  tele- 
scopes might  be  removed,  and  their  improve- 
ment effected.  This,  however,  was  accom- 
plished by  Dollond  to  an  extent  far  surpassing 
what  could  have  been  expected,  of  which  a 
particular  account  will  be  given  in  the  sequel. 
It  was  originally  remarked  by  Newton,  and 
the  fact  has  since  been  confirmed  by  the  expe- 
riments of  Sir  W.  Herschel,  that  the  different 
coloured  rays  have  not  the  same  illuminating 
power.  The  violet  rays  appear  to  have  the 
least  illuminating  effect ;  the  indigo  more,  and 
th^  effect  increases  in  the  order  of  the  colours, 
the  green  being  very  great ;  between  the  green 
and  the  yellow  the  greatest  of  all ;  the  yellow 
the  same  as  the  green ;  but  the  red  less  than 
the  yellow.  Herschel  also  endeavoured  to 
determine  whether  the  power  of  the  different- 
ly-coloured rays  to  heat  bodies  varied  with 
their  power  to  illuminate  them.  He  intro- 
duced a  beam  of  light  into  a  darkroom,  which 
was  decomposed  by  a  prism,  and  then  ex- 
posed a  very  sensible  thermometer  to  all  the 
rays  in  succession,  and  observed  the  heights 
to  which  it  rose  in  a  given  time.  He  found 
that  their  heating  power  increased  from  the 
violet  to  the  red.  The  mercury  in  the  ther- 
mometer rose  higher  when  its  bulb  was  placed 
in  the  indigo  than  when  it  was  placed  in  the 
violet,  still  higher  in  blue,  and  highest  of  all 
at  red.  Upon  placing  the  bulb  of  the  ther- 
mometer below  the  red,  quite  out  of  the  spec- 
trum, he  was  surprised  to  find  that  the  mer- 
cury rose  highest  of  all,  and  concluded  that 
rays  proceed  from  the  sun,  which  have  the 
power  of  HEATIXG  but  not  of  illuminating 
bodies.  These  rays  have  been  called  invisible 
solar  rays  ;  they  were  about  half  an  inch  from 
the  commencement  of  the  red  rays ;  at  a 
greater  distance  from  this  point  the  heat  began 
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to  diminish,  but  was  very  perceptible,  even  at  was  continued  for  three  successive  days.  The 
the  distance  of  1^  inch.  He  determined  that  same  eifects  were  produced  by  inclosing  the 
the  heating  power  of  the  red  to  that  of  the  needle  in  blue  or  green  glass,  or  wrapping  it 
green  rays  was  2|  to  1,  and  3^  to  1,  in  red  in  blue  or  green  riband,  or  half  of  the  needle 
to  violet.  He  afterwards  made  experiments  being  always  covered  with  paper. 
to  collect  those  invisible  caloric  rays,  and  One  of  the  most  curious  discoveries  of  mo- 
caused  them  to  act  independently  of  the  light,  dern  times,  in  reference  to  the  solar  spectrum, 
from  which  he  concluded  that  they  are  suffi-  is  that  of  Fraunhofer,  of  Munich,  one  of  the 
cient  to  account  for  all  the  effects  produced  by  most  distinguished  artists  and  opticians  on  the 
the  solar  rays  in  exciting  heat  ;  that  they  are  Continent.*  He  discovered  that  the  spectrum 
capable  of  passing  through  glass,  and  of  being  is  covered  with  dark  and  coloured  lines,  pa= 
refracted  and  reflected,  after  they  have  been  rallel  to  one  another,  and  perpendicular  to  the 
finally  detached  from  the  solar  beam.  length  of  the  spectrum  :  and  he  counted  no 

M.  Ritter  of  Jena,  Wollaston,  Beckman,  less  than  590  of  these  lines.  In  order  to  ob- 
and  others,  have  found  that  the  rays  of  the  serve  these  lines,  it  is  necessary  to  use  prisms 
spectrum  are  possessed  of  certain  chemical  of  the  most  perfect  construction,  of  very  pure 
properties;  that  beyond  the  least  brilliant  glass,  free  of  veins,  to  exclude  all  extraneous 
extremity,  namely,  a  little  beyond  the  violet  light,  and  even  to  stop  those  rays  which  form 
ray,  there  are  invisible  rays,  which  act  chemi-  the  coloured  spaces  which  we  are  not  examin- 
cally,  while  they  have  neither  the  power  of  ing.  It  is  necessary,  also,  to  use  a  magnify- 
heating  nor  illuminating  bodies.  Muriate  of  ing  instrument,  and  the  light  must  enter  and 
silver,  exposed  to  the  action  of  the  red  rays,  emerge  from  the  prism  at  equal  angles.  One 
becomes  blackish  ;  a  greater  effect  is  produced  of  the  important  practical  results  of  this  dis- 
bythe  yellow;  a  still  greater  by  the  violet,  co  very  is,  that.  those  lines  are  fixed  points  in 
and  the  greatest  of  all  by  the  invisible  rays  the  spectrum,  or  rather,  that  they  have  always 
beyond  the  violet.  When  phosphorus  is  ex-  the  same  position  in  the  coloured  spaces  in 
posed  to  the  action  of  the  invisible  rays  be-  which  they  are  found.  Fraunhofcr  likewise 
yond  the  red,  it  emits  white  fumes,  but  the  discovered,  in  the  spectrum  produced  by  the 
invisible  rays  beyond  the  violet  extinguish  light  of  Venus,  the  same  streaks  as  in  the 
them.  The  influence  of  these  rays  is  daily  seen  solar  spectrum  ;  in  the  spectrum  of  the  light 
in  the  change  produced  upon  vegetable  colours,  of  Sirius  he  perceived  three  large  streaks, 
which  fade  when  frequently  exposed  to  the  which,  according  to  appearance,  had  no  re- 
direct influence  of  the  sun.  Whatever  object  semblance  to  those  of  the  light  of  the  sun  ; 
they  are  destined  to  accomplish  in  the  general  one  of  them  was  in  the  green,  two  in  the  blue. 
economy  of  nature  is  not  yet  distinctly  known  ; 

*  Fraunhofer  was,  in  the  highest  sense  of  the 
word,  an  optician,  an  original  discoverer  in  the 
most  abslruse  and  delicate  departments  of  this 
science,  a  competent  mathematician,  an  admirable 
mechanist,  and  a  man  of  a  truly  philosophical 
turn  of  mind.  By  his  extraordinary  talents,  he 
was  soon  raised  from  the  lowest  station  in  a  manu- 
facturing establishment  to  the  direction  of  the 
optical  department  of  the  business,  in  which  he 
originally  laboured  as  an  ordinary  workman.  He 
then  applied  lne  whole  pdwer  of  nis  mind  to  the 


we  cannot,  however,  doubt  that  they  are  essen- 
tially requisite  to  various  processes  going  for- 
ward in  the  material  system.  And  we  know 
that  not  only  the  comfort  of  all  the  tribes  of 
the  living  world,  but  the  very  existence  of  the 
animal  and  vegetable  creation  depends  upon 
the  unremitting  agency  of  the  calorific  rays. 
It  has  likewise  been  lately  discovered  that 

certain  rays  of  the  spectrum,  particularly  the    perfection'of  th7  achromatic  telescope.'the'defects 
violet,  possess  the  property  of  communicating    of  which,  in  reference  to  the  optical  properties 
tke  magnetic  power.  Mr.  Morichini  of  Rome,    of  the  matprials  »***•  h"  *««™'<"i  to  r«mfidv  s 
appears  to  have  been  the  first  who  found  that 
the  violet  rays  of  the  spectrum  had  this  pro- 
perty.    The  result  of  his  experiments,  how- 
ever, was  involved  in  doubt  till  it  was  esta- 
blished by  a  series  of  experiments  instituted 
by  Mrs.  Samerville,  whose  name  is  so  well 
known  in  the  scientific  world.      This  lady 
having  covered   half  a  sewing-needle,  about 

an  inch  long,  with  paper,  she  exposed  the  by  tne  unwholesome  nature  of  the  rocesses  em 
other  half  for  two  hours  to  the  violet  rays,  ployed  in  his  giass-house  ;  leaving  behind  him  a 
The  needle  had  then  acquired  north  polarity,  reputation  rarely  attained  by  one  so  young.  His 
The  indigo  rays  produced  nearly  the  same  ^"^'dj'^."^^ ^^g^of  G^s'inVefer'ence^fo 
effect ;  and  the  blue  and  green  rays  produced  the  Improvement^  AchromaticSTelescopes,  and 
it  in  a  still  less  degree.  In  the  yellow,  orange,  an  Account  of  the  Linei  of  the  Spectrum,"  will 
rpd  and  invisihlp  ravs  nn  matmpfif  infliipnpp  be  found  in  the  "  Edinburgh  Philosophical  Jour, 
red,  ana  mvisil  rays  r  magnetic  influence  na,  „  yo,  ix  288_299.  £nd  Vol  x.  p.  26-40,  for 

was  exhibited,  even  though  the  experiment    1823-4. 
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ceeded  in  giving  to  optical  determinations  the  pre- 
cision of  astronomical  observations,  surpassing  in 
this  respect  all  who  had  gone  before  him,  except, 
perhaps,  the  illustrious  Newton.  It  was  in  the 
course  of  these  researches  that  he  was  led  to  the 
important  discovery  of  the  dark  lines  which  oc- 


largest  and  best  that   have   hitherto  been  con- 
structed.    He  died  at  Munich,  at  a  premature  age, 


54 


THE  PRACTICAL  ASTRONOMER. 


The  stars  appear  to  differ  from  one  another  in 
their  streaks.  The  electric  light  differs  very 
much  from  the  light  of  the  sun  and  that  of  a 
lamp  in  regard  to  the  streaks  of  the  spectrum. 
"This  experiment  may  also  be  made,  though 
in  an  imperfect  manner,  by  viewing  a  narrow 
slit  between  two  nearly  closed  window-shut- 
ters through  a  very  excellent  glass  prism, 
held  close  to  the  eye,  with  the  refracting  angle 
parallel  to  the  line  of  light.  When  the  spec- 
trum is  formed  by  the  sun's  rays,  either  direct 
or  indirect,  as  from  the  sky,  clouds,  rainbow, 
moon,  or  planets,  the  black  bands  are  always 
found  to  be  in  the  same  parts  of  the  spectrum, 
aid  under  all  circumstances  to  maintain  the 
same  relative  position,  breadth,  and  intensi- 
ties." 

From  what  has  been  stated  in  reference  to 
the  solar  spectrum,  it  will  evidently  appear 
that  white  light  is  nothing  else  than  a  com- 
pound of  all  the  prismatic  colours ;  and  this 
may  be  still  further  illustrated  by  showing  that 
the  seven  primary  colours,  when  ^  again  put 
together,  recompose  white  light.  This  may  be 
rudely  proved,  for  the  purpose  of  illustration, 
by  mixing  together  seven  different  powders, 
having  the  colours  and  proportion  of  the  spec- 
trum ;  but  the  best  mode,  on  the  whole,  is  the 
following:  Let  two  circles  be  drawn  on  a 
smooth  round  board,  covered  with  white  paper, 
as  in  figure  34 ;  let  the  outermost  be  divided 

Fig.  34. 


paint  all  that  part  of  the  board  black  whicL 
lies  within  the  inner  circle;  and,  putting  an 
axis  through  the  centre  of  the  board,  let  it  be 
turned  swiftly  round  that  axis,  so  that  the 
rays  proceeding  from  the  above  colours  may 
be  all  blended  and  mixed  together  in  coming 
to  the  eye.  Then  the  whole  coloured  part 
will  appear  like  a  white  ring  a  little  grayish — 
not  perfectly  white,  because  no  art  can  pre- 
pare or  lay  on  perfect  colours,  in  all  their 
delicate  shades,  as  found  in  the  real  spectrum. 
That  all  the  colours  of  light,  when  blended 
together  in  their  proper  proportions,  produce 
a  pure  white,  is  rendered  certain  by  the  fol- 
lowing experiment:  Take  a  large  convex 
glass,  and  place  it  in  the  room  of  the  paper 
or  screen  on  which  the  solar  spectrum  was 
depicted  (L  M>  fig.  31 ;)  the  glass  will  unite 
all  the  rays  which  come  from  the  prism,  if  a 
paper  is  placed  to  receive  them,  and  you  will 
see  a  circular  spot  of  a  pure  lively  white. 
The  rays  will  cross  each  other  in  the  focus 
of  the  glass,  and,  if  the  paper  be  removed  a 
little  further  from  that  point,  you  will  see  the 
prismatic  colours  again  displayed,  but  in  an 
inverted  order,  owing  to  the  crossing  of  the 
rays. 


SECTION  II. 


into  360  equal  parts ;  then  draw  seven  right 
lines,  as  A,  B,  C,  &c.,  from  the  centre  to  the 
outermost  circle,  making  the  lines  A  and  B 
include  80  degrees  of  that  circle.  The  lines 
B  and  C,  40  degrees  ;  C  and  D,  60  ;  D  and 
E,  60  ;  E  and  F,  48  ;  F  and  G,  27;  G  and 
A,  45.  Then  between  these  two  circles  paint 
the  space  A  G  red,  inclining  to  orange  near 
G;  G  F  orange,  inclining  to  yellow  near  F  ; 
F  E  yellow,  inclining  to  green  near  E ;  E  D 
green,  inclining  to  blue  near  D ;  D  C  blue, 
inclining  to  indigo  near  C ;  C  B  indigo,  in- 
clining to  violet  near  B',  and  B  A  violet,  in- 
clining to  a  soft  red  near  A.  This  done, 
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On  the  Colours  of  Natural  Objects. 

From  what  has  been  stated  above  we  may 
learn  the  true  cause  of  those  diversified  hues 
exhibited  by  natural  and  artificial  objects, 
and  the  variegated  colouring  which  appears 
on  the  face  of  nature.  It  is  owing  to  the 
surfaces  of  bodies  being  disposed  to  reflect 
one  colour  rather  than  another.  When  this 
disposition  is  such  that  the  body  reflects  every 
kind  of  ray,  in  the  mixed  state  in  which  it 
receives  them,  that  body  appears  white  to  us, 
which,  properly  speaking,  is  no  colour,  but 
rather  the  assemblage  of  all  colours.  If  the 
body  has  a  fitness  to  reflect  one  sort  of  rays 
more  abundantly  than  others,  by  absorbing 
all  the  others,  it  will  appear  of  the  colour  be- 
longing to  that  species  of  rays.  Thus,  the 
grass  is  green,  because  it  absorbs  all  the  rays 
except  the  green.  It  is  these  green  rays  only 
which  the  grass,  the  trees  the  shrubs,  and  all 
the  other  verdant  parts  of  the  landscape  re- 
flect to  our  sight,  and  which  make  them  ap- 
pear green.  In  the  same  manner,  the  differ- 
ent flowers  reflect  their  respective  colours; 
the  rose,  the  red  rays ;  the  violet,  the  blue ; 
the  jonquil,  the  yellow;  the  marigold,  the 
orange ;  and  every  object,  whether  natural  or 
artificial,  appears  of  that  colour  which  it?  pe- 
culiar texture  is  fitted  to  reflect.  A  great 
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number  of  bodies  are  fitted  to  reflect  at  once 
several  kinds  of  rays,  and,  of  consequence, 
they  appear  under  mixed  colours.  It  may 
even  happen  that  of  two  bodies  which  should 
be  green,  for  example,  one  may  reflect  the 
pure  green  of  light,  and  the  other  the  mix- 
ture of  yellow  and  blue.  This  quality,  which 
varies  to  infinity,  occasions  the  different  kinds 
of  rays  to  unite  in  every  possible  manner,  and 
every  possible  proportion ;  and  hence  the  in- 
exhaustible variety  of  shades  and  hues  which 
nature  has  diffused  over  the  landscape  of  the 
world.  When  a  body  absorbs  nearly  all  the 
light  which  reaches  it,  that  body  appears 
black  ,•  it  transmits  to  the  eye  so  few  reflected 
rays  that  it  is  scarcely  perceptible  in  itself, 
and  its  presence  and  form  make  no  impres- 
sion upon  us,  unless  as  it  interrupts  the 
brightness  of  the  surrounding  space.  Black  is, 
therefore,  the  absence  of  all  the  coloured  rays. 
It  is  evident,  then,  that  all  the  various  as- 
semblages of  colours  which  we  see  in  the  ob- 
jects around  us  are  not  in  the  bodies  them- 
selves, but  in  the  light  which  falls  upon  them. 
There  is  no  colour  inherent  in  the  grass,  the 
trees,  the  fruits,  and  the  flowers,  nor  even  in 
the  most  splendid  and  variegated  dress  that 
adorns  a  lady.  All  such  objects  are  as  desti- 
tute of  colour,  in  themselves,  as  bodies  which 
are  placed  in  the  centre  of  the  earth,  or  as  the 
chaotic  materials  out  of  which  our  globe  was 
formed  before  light  was  created ;  for,  where 
there  is  no  light,  there  is  no  colour.  Every 
object  is  black,  or  without  colour,  in  the  dark, 
and  it  only  appears  coloured  as  soon  as  light 
renders  it  visible.  This  is  further  evident 
from  the  following  experiment :  If  we  place  a 
coloured  body  in  one  of  the  colours  of  the 
spectrum  which  is  formed  by  the  prism,  it  ap- 
pears of  the  'colour  of  the  rays  in  which  it  is 
placed.  Take,  for  example,  a  red  rose,  and 
expose  it  first  to  the  red  rays,  and  it  will  ap- 
pear of  a  more  brilliant  ruddy  hue ;  hold  it  in 
the  blue  rays,  and  it  appears  no  longer  red, 
but  of  a  dingy  blue  colour,  and  in  like  man- 
ner its  colour  will  appear  different  when 
placed  in  all  the  other  differently-coloured 
rays.  This  is  the  reason  why  the  colours  of 
objects  are  essentially  altered  by  the  nature 
of  the  light  in  which  they  are  seen.  The 
colours  of  ribands,  and  various  pieces  of  silk 
or  woollen  stuff,  are  not  the  same  when 
viewed  by  candlelight  as  in  the  daytime.  In 
the  light  of  a  candle  or  a  lamp,  blue  often  ap- 
peirs  green,  and  yellow  objects  assume  a 
whitish  aspect.  The  reason  is,  that  the  light 
of  a  candle  is  not  so  pure  a  white  as  that  of 
the  sun,  but  has  a  yellowish  tinge,  and  there- 
fore, when  refracted  by  the  prism,  the  yellow- 
ish rays  are  found  to  predominate,  and  the 
superabundance  of  yellow  rays  gives  to  blue 
objects  a  greenish  hue. 


The  doctrine  we  are  now  illustrating  is 
one  which  a  great  many  persons,  especially 
among  the  fair  sex,  find  it  difficult  to  admit. 
They  cannot  conceive  it  possible  that  there  is 
no  colour  really  inherent  in  their  splendid 
attire,  and  no  tints  of  beauty  in  their  counte- 
nances. "  What,"  said  a  certain  lady,  "  are 
there  no  colours  in  my  shawl,  and  in  the 
ribands  that  adorn  my  headdress,  and  are  we 
all  as  black  as  negroes  in  the  dark  1  I  should 
almost  shudder  to  think  of  it."  Such  per- 
sons, however,  need  be  in  no  alarm  at  the 
idea,  but  may  console  themselves  with  the 
reflection  that,  when  they  are  stripped  of  all 
their  coloured  ornaments  in  the  dark,  they  are 
certain  that  they  will  never  be  seen  by  any 
one  in  that  state ;  and  therefore  there  is  no 
reason  to  regret  the  temporary  loss  of  those 
beauties  which  light  creates,  when  they  them- 
selves, and  all  surrounding  objects,  are  invi- 
sible. But,  to  give  a  still  more  palpable 
proof  of  this  position,  the  following  popular 
experiments  may  be  stated : 

Take  a  pint  of  common  spirit  and  pour  it 
into  a  soup  dish,  and  then  set  it  on  fire ;  as  it 
begins  to  blaze,  throw  a  handful  of  salt  into 
the  burning  spirit,  and  keep  stirring  it  with  a 
spoon.  Several  handfuls  may  thus  be  suc- 
cessively thrown  in,  and  then  the  spectators, 
standing  around  the  flame,  will  see  each  other 
frightfully  changed,  their  colours  being  altered 
into  a  ghastly  blackness,  in  consequence  of 
the  nature  of  the  light  which  falls  upon  them, 
which  produces  colours  very  different  from 
those  of  the  solar  light  The  following  expe- 
riment, as  described  by  Sir  D.  Brewster,  illus- 
trates the  same  principle :  "  Having  obtained 
the  means  of  illuminating  any  apartment  .with 
yellow  light,  let  the  exhibition  be  made  in  a 
room  with  furniture  of  various  bright  colours, 
and  with  oil  or  water-coloured  paintings  on 
the  wall.  The  party  which  is  to  witness  the 
experiment  should  be  dressed  ia  a  diversity 
of  the  gayest  colours,  and  the  brightest  co- 
loured flowers  and  highly  coloured  drawings 
should  be  placed  on  the  tables.  The  room 
being  at  first  lighted  with  ordinary  lights,  the 
bright  and  gay  colours  of  every  thing  that  it 
contains  will  be  finely  displayed.  If  the  white 
lights  are  now  suddenly  extinguished,  and 
the  yellow  lamps  lighted,  the  most  appalling 
metamorphosis  will  be  exhibited.  The  as- 
tonished individuals  will  no  longer  be  able  to 
recognize  each  other.  All  the  furniture  of 
the  room,  and  all  the  objects  it  contains,  will 
exhibit  only  one  colour.  The  flowers  will 
lose  their  hues ;  the  paintings  and  drawings 
will  appear  as  if  they  were  executed  in  China 
ink,  and  the  gayest  dresses,  the  brightest 
scarlets,  the  purest  lilacs,  the  richest  blues, 
and  the  most  v::vid  greens,  will  all  be  con- 
verted into  one  monotonous  yellow.  The 
3x2  (773) 
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complexions  of  the  parties,  too,  will  suffer  a 
corresponding  change.  One  pallid  death-like 
yellow, 

Like  the  unnatural  hue 
Which  autumn  paints  upon  the  perished  leaf, 

will  envelope  the  young  and  the  old,  and  the 
sallow  face  will  alone  escape  from  the  meta- 
morphosis. Each  individual  derives  merri- 
ment from  the  cadaverous  appearance  of  his 
neighbour,  without  being  sensible  that  he  is 
one  of  the  ghastly  assemblage." 

From  such  experiments  as  these  we  might 
conclude  that,  were  the  solar  rays  of  a  very 
different  description  from  what  they  are  now 
found  to  be,  the  colours  which  embellish  the 
face  of  nature,  and  the  whole  scene  of  our 
sublunary  creation,  would  assume  a  new 
aspect,  and  appear  very  different  from  what 
we  now  behold  around  us  in  every  landscape. 
We  find  that  the  stars  display  great  diversity 
of  colour,  which  is  doubtless  owing  to  the 
different  kinds  of  light  which  are  emitted  from 
those  bodies;  and  hence  we  may  conclude 
that  the  colouring  thrown  upon  the  various 
objects  of  the  universe  is  different  in  every 
different  system,  and  that  thus,  along  with 
other  arrangements,  an  infinite  variety  of  co- 
louring and  of  scenery  is  distributed  through- 
out the  immensity  of  creation. 

The  atmosphere,  in  consequence  of  its  dif- 
ferent refractive  and  reflective  powers,  is  the 
source  of  a  variety  of  colours  which  frequently 
embellish  and  diversify  the  aspect  of  our  sky. 
The  air  reflects  the  blue  rays  most  plentifully, 
and  must  therefore  transmit  the  red,  orange, 
and  yellow  more  copiously  'than  the  other 
rays.  When  the  sun  and  other  heavenly 
bodies  are  at  a  high  elevation,  their  light  is 
transmitted  without  any  perceptible  change ; 
but  when  they  are  near  the  horizon,  their 
light  must  pass  through  a  long  and  dense 
track  of  air,  and  must  therefore  be  consider- 
ably modified  before  it  reach  the  eye  of  the 
observer.  The  momentum  of  the  red  rays 
being  greater  than  that  of  the  violet,  will  force 
their  way  through  the  resisting  medium,  while 
the  violet  rays  will  be  either  reflected  or  ab- 
sorbed. If  the  light  of  the  setting  sun,  by  thus 
passing  through  a  long  track  of  air,  be  divested 
of  the  green,  blue,  indigo,  and  violet  rays,  the 
remaining  rays  which  are  transmitted  through 
the  atmosphere  will  illuminate  the  western 
clouds,  first,  with  an  orange  colour,  and  then, 
as  the  sun  gradually  sinks  into  the  horizon, 
the  track  through  which  the  rays  must  pass 
becoming  longer,  the  yellow  and  orange  are 
reflected,  and  the  clouds  grow  more  deeply 
red,  till  at  length  the  disappearance  of  the  sun 
leaves  them  of  a  leaden  hue,  by  the  reflection 
of  the  blue  light  through  the  air.  Similar 
changes  of  colour  are  sometimes  seen  on  the 
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eastern  and  western  fronts  of  white  buildings. 
St.  Paul's  Church,  in  London,  is  frequently 
seen,  at  sunset,  tinged  with  a  very  considerable 
degree  of  redness ;  atnd  the  same  cause  occa- 
sions the  moon  to  assume  a  ruddy  colour,  by 
the  light  transmitted  through  the  atmosphere. 
From  such  atmospherical  refractions  and  re- 
flections are  produced  those  rich  and  beautiful 
hues  with  which  our  sky  is  gilded  by  the  set- 
ting sun,  and  the  glowing  red  which  tingrs 
the  morning  and  evening  clouds,  till  their 
ruddy  glare  is  tempered  by  the  purple  of  twi- 
light, and  the  reflected  azure  of  the  sky. 

When  a  direct  spectrum  is  thrown  on 
colours  darker  than  itself,  it  mixes  with  them, 
as  the  yellow  spectrum  of  the  setting  sun, 
thrown  on  the  green  grass,  becomes  a  greener 
yellow.  But  when  a  direct  spectrum  is  thrown 
on  colours  brighter  than  itself,  it  becomes  in- 
stantly changed  into  the  reverse  spectrum, 
which  mixes  with  those  brighter  colours. 
Thus  the  yellow  spectrum  of  the  setting  sun, 
thrown  on  the  luminous  sky,  becomes  blu<\ 
and  changes  with  the  colour  or  brightness  of 
the  clouds  on  which  it  appears.  The  red  part 
of  light  being  capable  of  struggling  through 
thick  and  resisting  mediums  which  intercept 
all  other  colours,  is  likewise  the  cause  why 
the  sun  appears  red  when  seen  through  a  fog ; 
why  distant  light,  though  transmitted  through 
blue  or  green  glass,  appears  red ;  why  lamps 
at  a  distance,  seen  through  the  smoke  of  a 
long  street,  are  red,  while  those  that  are  near 
are  white.  To  the  same  cause  it  is  owing 
that  a  diver  at  the  bottom  of  the  sea  is  sur- 
rounded with  the  red  light  which  has  pierced 
through  the  superincumbent  fluid,  and  that 
the  blue  rays  are  reflected  from  the  surface ' 
of  the  ocean.  Hence  Dr.  Halley  informs  us 
that,  when  he  was  in  a  diving  bell  at  the  bot- 
tom of  the  sea,  his  hand  always  appeared  red 
in  the  water. 

The  blue  rays,  as  already  noticed,  being 
unable  to  resist  the  obstructions  they  meet 
with  in  their  course  through  the  atmosphere, 
are  either  reflected  or  absorbed  in  their  pas- 
sage. It  is  to  this  cause 'that  most  philoso- 
phers ascribe  the  blue  colour  of  the  sky,  the 
faintness  and  obscurity  of  distant  objects,  and 
the  bright  azure  which  tinges  the  mountains 
of  a  distant  landscape. 


SECTION  III. 
Phenomena  of  the  Rainbow. 

Since  the  rays  of  light  are  found  to  be  de- 
composed by  refracting  surfaces,  and  reflected 
in  an  infinite  variety  of  modes  and  shades  of 
colour,  we  need  not  be  surprised  at  the  changes 
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produced  in  any  scene  or  object  by  the  inter- 
vention of  another,  and  by  the  numerous 
modifications  of  which  the  primary  colours 
of  nature  are  susceptible.  The  vivid  colours 
which  gild  the  rising  and  the  setting  sun  must 
necessarily  differ  from  those  which  adorn  its 
noonday  splendour.  Variety  of  atmospheric 
scenery  will  thus  necessarily  be  produced, 
greater  than  the  most  lively  fancy  can  well 
imagine.  The  clouds  will  sometimes  assume 
the  most  fantastic  forms,  and  at  other  times 
will  be  irradiated  with  beams  of  light,  or, 
covered  with  the  darkest  hues,  will  assume  a 
lowering  aspect,  prognostive  of  the  thunder's 
roar  and  the  lightning's  flash,  all  in  accordance 
with  the  different  rays  that  are  reflected  to  our 
eyes,  or  the  quantity  absorbed  by  the  vapours 
which  float  in  the  atmosphere. 

Light,  which  embellishes  with  so  much 
magnificence  a  pure  and  serene  sky,  by  means 
of  innumerable  bright  starry  orbs  which  are 
spread  over  it,  sometimes,  in  a  dark  and 
cloudy  sky,  exhibits  an  ornament  which,  by 
its  pomp,  splendour,  and  variety  of  colours, 
attracts  the  attention  of  every  eye  that  has  an 
opportunity  of  beholding  it.  At  certain  times, 
when  there  is  a  shower  either  around  us,  or  at 
a  distance  from  us  in  an  opposite  quarter  to 
that  of  the  sun,  a  species  of  arch  or  bow  is 
seen  in  the  sky,  adorned  with  all  the  seven 
primary  colours  of  light.  This  phenomenon, 
which  is  one  of  the  most  beautiful  meteors  in 
nature,  has  obtained  the  name  of  the  RAIN- 
BOW. The  rainbow  was,  for  ages,  considered 
as  an  inexplicable  mystery,  and  by  some  na- 
tions it  was  adored  as  a  deity.  Even  after 
the  dawn  of  true  philosophy,  it  was  a  con- 
siderable time  before  any  discovery  of  import- 
ance was  made  as  to  the  true  causes  which 
operate  in  the  production  of  this  phenomenon. 
About  the  yeai  1571,  M.  Fletcher,  of  Breslau, 
made  a  certain  approximation  to  the  discovery 
of  the  true  cause,  by  endeavouring  to  account 
for  the  colours  of  the  rainbow  by  means  of  a 
double  refraction  and  one  reflection.  A  nearer 
approximation  was  made  by  Antonio  de  Domi- 
nis,  bishop  of  Spalatro,  about  1601.  He  main- 
tained that  the  double  refraction  of  Fletcher, 
with  an  intervening  reflection,  was  sufficient 
to  produce  the  colours  of  the  bow,  and  also  to 
bring  the  rays  that  formed  them  to  the  eye  of 
the  spectator,  without  any  subsequent  reflec- 
tion. To  verify  this  hypothesis,  he  procured 
a  small  globe  of  solid  glass,  and  viewing  it 
when  it  was  exposed  to  the  rays  of  the  sun, 
with  his  back  to  that  luminary,  in  the  same 
manner  as  he  had  supposed  the  drops  of  rain 
were  situated  with  respect  to  them,  he  ob- 
served the  same  colours  which  he  had  seen  in 
the  rainbow,  and  in  the  same  order.  But  he 
could  give  no  good  reason  why  the  bow  should 
be  coloured,  and,  much  less,  any  satisfactory 


account  of  the  order  in  which  the  colours 
appear.  It  was  not  till  Sir  I.  Newton  dis- 
covered the  different  refrangibility  of  the  rays 
of  light  that  a  complete  and  satisfactory  ex- 
planation could  be  given  of  all  the  circum- 
stances connected  with  this  phenomenon. 

As  the  full  elucidation  of  this  subject  in- 
volves a  variety  of  optical  and  mathematical 
investigations,  I  shall  do  little  more  than  ex- 
plain the  general  principle  on  which  the  pro- 
minent phenomena  of  the  rainbow  may  be 
accounted  for,  and  some  of  the  facts  and 
results  which  theory  and  observation  have 
deduced. 

We  have  just  now  alluded  to  an  experiment 
with  a  glass  globe :  If,  then,  we  take  either  a 
solid  glass  globe,  or  a  hollow  globe  filled  with 
water,  and  suspend  it  so  high  in  the  solar 
rays  above  the  eye  that  the  spectator,  with 
his  back  to  the  sun,  can  see  the  globe  red ;  if 
it  be  lowered  slowly,  he  will  see  it  orange, 
then  yellow,  then  green,  then  blue,  then  indigo, 
and  then  violet ;  so  that  the  drop,  at  different 
heights,  shall  present  to  the  eye  the  seven 
primitive  colours  in  succession.  In  this  case, 
the  globe,  from  its  form,  will  act  in  some 
measure  like  a  prism,  and  the  ray  will  be 
separated  into  its  component  parts.  The 
following  figure  will  more  particularly  illus- 
trate this  point.  Suppose  A  (fig.  35)  to 

Fig.  35. 


represent  a  drop  of  rain — which  may  be  con- 
sidered as  a  globe  of  glass  in  miniature,  and 
will  produce  the  same  effect  on  the  rays  of  light 
— and  let  £  D  represent  a  ray  from  the  sun  fall- 
ing upon  the  upper  part  of  the  drop  at  D.  At 
the  point  of  entering  the  drop  it  will  suffer  a 
refraction,  and,  instead  of  going  forward  to  C, 
it  will  be  bent  to  s.  From  JT  a  part  of  the 
light  will  be  reflected  to  a — some  part  of  it 
will,  of  course,  pass  through  the  drop.  By 
the  obliquity  with  which  it  falls  on  the  side 
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of  the  drop  at  a,  that  part  becomes  a  kind  of 
prism,  and  separates  the  ray  into  its  primitive 
colours.  It  is  found  by  computation,  that 
after  a  ray  has  suffered  two  refractions  and 
one  reflection,  as  here  represented,  the  least 
refrangible  part  of  it,  namely,  the  red  ray, 
will  make  an  angle  with  the  incident  solar 
ray  of  42°  2',  as  5  F  Q.  ;  and  the  violet,  or 
greatest  refrangible  ray,  will  make,  with  the 
solar  ray,  an  angle  of  40°  IT,  as  S  c  a;  and 
thus  all  the  particles  of  water  within  the  dif- 
ference of  those  two  angles,  namely,  1°  45' 
(supposing  the  ray  to  proceed  merely  from 
the  centre  of  the  sun,)  will  exhibit  severally 
the  colours  of  the  prism,  and  constitute  the 
interior  bow  of  the  cloud.  This  holds  good 
at  whatever  height  the  sun  may  chance  to  be 
in  a  shower  of  rain.  If  he  be  at  a  high  alti- 
tude, the  rainbow  will  be  low ;  if  he  be  at  a 
low  elevation,  the  rainbow  must  be  high ;  and 
if  a  shower  happen  in  a  vale,  when  the  spec- 
tatof  is  on  a  mountain,  he  will  sometimes  see 
the  bow  in  the  form  of  a  complete  circle  be- 
low him.  We  have  at  present  described  the 
phenomena  only  of  a  single  drop ;  but  it  is  to 
be  considered  that  in  a  shower  of  rain  there 
are  drops  at  all  heights  and  at  all  distances, 
and  therefore  the  eye  situated  at  G  will  see 
all  the  different  colours.  All  those  drops  that 
are  in  a  certain  position  with  respect  to  the 
spectator  will  reflect  the  red  rays,  all  those  in 
the  next  station  the  orange,  those  in  the  next 
the  green,  and  so  on  with  regard  to  all  the 
other  colours. 

It  appears,  then,  that  the  first  or  primary 
bow  is  formed  by  two  refractions  and  one  re- 
flection ;  but  there  is  frequently  a  second  bow 
on  the  outside  of  the  other,  which  is  con- 
siderably fainter.  This  is  produced  by  drops 
of  rain  above  the  drop  we  have  supposed  at 
A.  If  B  (fig.  35)  represent  one  of  these 
drops,  the  ray  to  be  sent  to  the  eye  enters  the 
drop  near  the  bottom,  and  suffers  two  refrac- 
tions and  two  reflections,  by  which  means 
the  colours  become  reversed,  that  is,  the  violet 
is  lowest  in  the  exterior  bow,  and  the  red  is 
lowest  in  the  interior  one,  and  the  other 
colours  are  reversed  accordingly.  The  ray 
T  is  refracted  at  n :  a  part  of  it  is  reflected 
from  s  to  T,  and  at  x  it  suffers  another  reflec- 
tion from  T  to  u.  At  the  points  s  and  T 
part  of  the  ray  passes  through  the  drop,  on 
account  of  its  transparency,  towards  w  and 
x,  and  therefore  we  say  that  part  only  of  the 
ray  is  reflected.  By  these  losses  and  reflec- 
tions the  exterior  bow  becomes  faint  and  ill- 
defined  in  comparison  of  the  interior  or  pri- 
mary bow.  In  this  case  the  upper  part  of 
the  secondary  bow  will  not  be  seen  when  the 
sun  is  above  54°  10'  above  the  horizon,  and 
the  lower  part  of  the  bow  will  not  be  seen 
when  the  sun  is  60°  58'  above  the  horizon. 
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For  the  further  illustrations  of  this  subject, 
we  may  introduce  the  following  section  of  a 
a  bow  (fig.  36,)  and,  in  order  to  prevent  con- 
Fig.  36. 


fusion  in  attempting  to  represent  all  the  dif- 
ferent colours,  let  us  suppose  only  three  drops 
of  rain,  and  three  different  colours,  as  shown 
in  the  figure.  The  spectator,  0,  being  in  the 
centre  of  the  two  bows  here  represented — the 
planes  of  which  must  be  considered  as  per- 
pendicular to  his  view — the  drops  A,  B,  and 
C  produce  part  of  the  interior  bow  by  two 
refractions  and  one  reflection,  as  stated 
before,  and  the  drops  D,  E,  F  will  produce 
the  exterior  bow  by  two  refractions  and  two 
reflections,  the  sun's  rays  being  represented 
by  3,  3.  It  is  evident  that  the  angle  COP 
is  less  than  the  angle  BOP,  and  that  tb*» 
angle  A  0  P  is  the  greatest  of  the  three. 
The  largest  angle,  then,  is  formed  by  the  red 
rays,  the  middle  one  consists  of  the  green, 
and  the  smallest  the  purple  or  violet.  All 
the  drops  of  rain,  therefore,  that  happen  to  be 
in  a  certain  position  with  respect  to  the  spec- 
tator's eye,  will  reflect  the  red  rays,  and  form 
a  band  or  semicircle  of  red,  and  so  of  the 
other  colours  from  drops  in  other  positions. 
If  the  spectator  alters  his  station,  he  will  see 
a  bow,  but  not  the  same  as  before ;  and  if 
there  be  many  spectators,  they  will  each  see 
a  different  bow,  though  it  appears  to  be  the 
same. 

The  rainbow  assumes  a  semicircular  ap- 
pearance, because  it  is  only  at  certain  angles 
that  the  refracted  rays  are  visible  to  our  eyes, 
as  is  evident  from  the  experiment  of  the  glass 
globe  formerly  alluded  to,  which  will  refract 
the  rays  only  in  a  certain  position.  We  have 
already  stated  that  the  red  rays  make  an 
angle  of  42°  2',  and  the  violet  an  angle  of  40° 
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17'.  Now,  if  a  line  be  drawn  horizontally 
from  the  spectator's  eye,  it  is  evident  that 
angles  formed  with  this  line,  of  a  certain  di- 
mension, in  every  direction,  will  produce  a 
circle,  as  will  appear  by  attaching  a  cord  of  a 
given  length  to  a  certain  point,  round  which 
it  may  turn  as  round  its  axis ;  and,  in  every 
point,  will  describe  an  angle  with  the  horizon- 
tal line  of  a  certain  and  determinate  extent. 

Sometimes  it  happens  that  three  or  more 
bows  are  visible,  though  with  different  degrees 
of,  distinctness.  I  have  more  than  once  ob- 
eerved  this  phenomenon,  particularly  in  Edin- 
burgh, in  the  month  of  August,  1825,  when 
three  rainbows  were  distinctly  seen  in  the 
6ame  quarter  of  the  sky,  and,  if  I  recollect 
right,  a  fragment  of  a  fourth  made  its  appear- 
ance. This  happen-.!  when  the  rays  suffer  a 
third  or  fourth  reflection ;  but  on  account  of 
the  light  lost  by  so  many  reflections,  such  bows 
are,  for  the  most  part,  altogether  imperceptible. 

If  there  were  no  ground  to  intercept  the 
rain  and  the  view  of  the  observer,  the  rainbow 
would  form  a  complete  circle,  the  centre  of 
which  is  diametrically  opposite  to  the  sun. 
Such  circles  are  sometimes  seen  in  the  spray 
of  the  sea  or  of  a  cascade,  or  from  the  tops 
of  lofty  mountains,  when  the  showers  happen 
in  the  vales  below.  Rainbows  of  various  de- 
scriptions are  frequently  observed  rising  amid 
the  spray  and  exhalations  of  waterfalls,  and 
among  the  waves  of  the  sea,  whose  tops  are 
blown  by  the  wind  into  small  drops.  There 
is  one  regularly  seen  when  the  sun  is  shining, 
and  the  spectator  in  a  proper  position,  at  the 
fail  of  Staubback,  in  the  bosom  of  the  Alps ; 
one  near  Schaffhausen  ;  one  at  the  cascade  of 
Lauffen,  and  one  at  the  cataract  of  Niagara 
in  North  America.  A  still  more  beautiful  one 
is  said  to  be  seen  at  Terni,  where  the  whole 
current  of  the  River  Velino,  rushing  from  a 
steep  precipice  of  nearly  200  feet  high,  pre- 
sents to  the  spectator  below  a  variegated  cir- 
cle, overarching  the  fall,  and  two  other  bows 
suddenly  reflected  on  the  right  and  left.  Don 
Ulloa,  in  the  account  of  his  journeys  in  South 
America,  relates  that  circular  rainbows  are 
frequently  se*>n  on  the  mountains  above  Quito 
in  Peru.  It  is  said  that  a  rainbow  was  once 
seen  near  London,  caused  by  the  exhalations 
of  that  city,  after  the  sun  had  been  below  the 
horizon  more  than  twenty  minutes.*  A  naval 
friend  says  Mr.  Bucke,  informed  me  that,  as 
he  was  one  day  watching  the  sun's  effect  upon 
the  exhalations  near  Juan  Fernandez,  he  saw 
upward  of  five-and-twenty  ires  marinss  ani- 
mate the  sea  at  the  same  time.  In  these  ma- 
rine bows  the  concave  sides  were  turned 
upward,  the  drops  of  water  rising  from  below, 
and  not  falling  from  above,  as  in  the  instances 
of  the  aerial  arches.  Rainbows  are  also  oc- 
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casionally  seen  on  the  grass  in  the  morning 
dew,  and  likewise  when  the  hoarfrost  is  de- 
scending. Dr.  Langwith  once  saw  a  bow 
lying  on  the  ground,  the  colours  of  which 
were  almost  as  lively  as  those  of  a  common 
rainbow.  It  was  not  round,  but  oblong,  and 
was  extended  several  hundred  yards.  The 
colours  took  up  less  space,  and  were  much 
more  lively  in  those  parts  of  the  bow  which 
were  near  him  than  in  those  which  were  at  a 
distance.  When  M.  Labillardiere  was  en 
Mount  Teneriffe,  he  saw  the  contour  of  his 
body  traced  on  the  clouds  beneath  him  in  all 
the  colours  of  the  solar  bow.  He  had  pre- 
viously witnessed  this  phenomenon  on  the 
Kesrouan,  in  Asia  Minor.  The  rainbows  of 
Greenland  are  said  to  be  frequently  of  a  pale 
white,  fringed  with  a  brownish  yellow,  arising 
from  the  rays  of  the  sun  being  reflected  from 
a  frozen  cloud. 

The  following  is  a  summary  view  of  the 
principal  facts  which  have  been  ascertained 
respecting  the  rainbow :  1.  The  rainbow  can 
only  be  seen  when  it  rains,  and  in  that  point 
of  the  heavens  which  is  opposite  to  the  sun. 
2.  Both  the  primary  and  secondary  bows  are 
variegated  with  all  the  prismatic  colours — the 
red  being  the  highest  colour  ifi  the  primary,  or 
brightest  bow,  and  the  violet  the  highest  in  the 
exterior.  3.  The  primary  rainbow  can  never 
be  a  greater  arc  than  a  semicircle  ;  and,  when 
the  sun  is  set,  no  bow,  in  ordinary  circum- 
stances, can  be  seen.  4.  The  breadth  of  the 
inner  or  primary  bow — supposing  the  sun  but 
a  point — is  1°  45',  and  the  breadth  of  the  ex- 
terior bow  3°  12',  which  is  nearly  twice  as 
great  as  that  of  the  other;  and  the  distance 
between  the  bows  is  8°  55'.  But  since  the 
body  of  the  sun  subtends  an  angle  of  about 
half  a  degree,  by  so  much  will  each  bow  be 
increased,  and  their  distance  diminished ;  and 
therefore  the  breadth  of  the  interior  bow  will 
be  2°  15',  and  that  of  the  exterior  3°  42',  and 
their  distance  8°  25'.  The  greatest  semi- 
diameter  of  the  interior  bow,  on  the  same 
grounds,  will  be  42°  17',  and  the  least  of  the 
exterior  bow  50°  43'.  5.  When  the  sun  is  in 
the  horizon,  either  in  the  morning  or  evening, 
the  bows  will  appear  complete  semicircles.  On 
the  other  hand,  when  the  sun's  altitude  is 
equal  to  42°  2',  or  to  54°  10',  the  summits  of 
the  bows  will  be  depressed  below  the  horizon. 
Hence,  during  the  days  of  summer,  within  a 
certain  interval  each  day,  no  visible  rainbows 
can  be  formed,  on  account  of  the  sun's  high 
altitude  above  the  horizon.  6.  The  altitude 
of  the  bows  above  the  horizon  or  surface  of 
the  earth  varies  according  to  the  elevation  of 
the  sun.  The  altitude,  at  any  time,  may  be 
taken  by  a  common  quadrant,  or  any  other 
angular  instrument ;  but  if  the  sun's  altitude 
at  any  particular  time  be  known,  the  height 
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of  the  summit  of  any  of  the  bows  may  be 
found  by  subtracting  the  sun's  altitude  from 
42°  2'  for  the  inner  bow,  and  from  54°  10' 
for  the  outer.  Thus,  if  the  sun's  altitude  be 
26°,  the  height  of  the  primary  bow  would  be 
16°  2',  and  of  the  secondary,  28°  10'.  It  fol- 
lows that  the  height  and  the  size  of  the  bows 
diminish  as  the  altitude  of  the  sun  increases. 
7.  If  the  sun's  altitude  is  more  than  42°,  and 
less  than  54°,  the  exterior  bow  may  be  seen, 
though  the  interior  bow  is  invisible.  8.  Some- 
times only  a  portion  of  an  arch  will  be  visible, 
while  all  the  other  parts  of  the  bow  are  invi- 
sible. This  happens  when  the  rain  does  not 
occupy  a  space  of  sufficient  extent  to  com- 
plete the  bow;  and  the  appearance  of  this 
position,  and  even  of  the  bow  itself,  will  be 
various,  according  to  the  nature  of  the  situa- 
tion, and  the  space  occupied  by  the  rain. 

The  appearance  of  the  rainbow  may  be  pro- 
duced by  artificial  means  at  any  time  when 
the  sun  is  shining  and  not  too  highly  elevated 
above  the  horizon.  This  is  effected  by  means 
of  artificial  fountains,  or  jet  d'eaus,  which  are 
intended  to  throw  up  streams  of  water  to  a 
great  height.  These  streams,  when  they  spread 
very  wide,  and  blend  together  in  their  upper 
parts,  form,  whel  falling,  a  shower  of  artificial 
rain.  If,  then,  when  the  fountain  is  playing, 
we  move  between  it  and  the  sun,  at  a  proper 
distance  from  the  fountain,  till  our  shadow 
point  directly  towards  it,  and  look  at  the 
shower,  we  shall  observe  the  colours  of  the 
rainbow  strong  and  vivid ;  and,  what  is  par- 
ticularly worthy  of  notice,  the  bow  appears, 
notwithstanding  the  nearness  of  the  shower, 
to  be  as  large  and  as  far  off.  as  the  rainbow 
which  we  see  in  a  natural  shower  of  rain. 
The  same  experiment  may  be  made  by  candle- 
light, and  with  any  instrument  that  will  form 
an  artificial  shower. 

Lunar  Rainbows. — A  lunar  bow  is  some- 
times formed  at  night,  by  the  rays  of  the  moon 
striking  on  a  rain-cloud,  especially  when  she 
is  about  the  full.  But  such  a  phenomenon  is 
very  rare.  Aristotle  is  said  to  have  considered 
himself  the  first  who  had  seen  a  lunar  rain- 
bow. For  more  than  a  hundred  years  prior 
to  the  middle  of  the  last  century,  we  find  only 
two  or  three  instances  recorded  in  which  such 
phenomena  are  described  with  accuracy.  In 
the  Philosophical  Transactions  for  1783,  how- 
ever, we  have  an  account  of  three  having 
been  seen  in  one  year,  and  all  in  the  same 
place,  but  they  are  by  no  means  common 
phenomena.  I  have  had  an  opportunity  within 
the  last  twenty  years  of  witnessing  two  phe- 
nomena of  this  description,  one  of  which  was 
seen  at  Perth,  on  a  Sabbath  evening,  in  the 
autumn  of  1825,  and  the  other  at  Edinburgh, 
on  Wednesday,  the  9th  of  September,  1840, 
about  eight  o'clock  in  the  evening,  of  both 
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which  I  gave  a  detailed  description  in  some  of 
the  public  journals.  The  moon,  in  both  cases, 
was  within  a  day  or  two  of  the  full;  the 
arches  were  seen  in  the  northern  quarter  of 
the  heavens,  and  extended  nearly  from  east  to 
west,  the  moon  being  not  far  from  the  southern 
meridian.  The  bows  appeared  distinct  and 
well  defined,  but  no  distinct  traces  of  the  pris- 
matic colours  could  be  perceived  on  any  of 
them.  That  which  appeared  in  1825  was  the 
most  distinctly  formed,  and  continued  visible 
for  more  than  an  hour.  The  other  was  much 
fainter,  and  lasted  little  more  than  half  an 
hour,  dark  clouds  having  obscured  the  face  of 
the  moon.  These  bows  bore  a  certain  resem- 
blance to  some  of  the  luminous  arches  which 
sometimes  accompany  the  Aurora  Borealis, 
and  this  latter  phenomenon  has  not  unfre- 
quently  been  mistaken  for  a  lunar  rainbow ; 
but  they  may  be  always  distinguished  by  at- 
tending to  the  phases  and  position  of  the 
moon.  If  the  moon  be  not  visible  above  the 
horizon,  if  she  be  in  her  first  or  last  quarter, 
or  if  any  observed  phenomenon  be  not  in  a 
direction  opposite  to  the  moon,  we  may  con- 
clude with  certainty  that,  whatever  appear- 
ance is  presented,  there  is  no  lunar  rainbow. 
The  rainbow  is  an  object  which  has  en- 
gaged universal  attention,  and  its  beautiful 
colours  and  form  have  excited  universal  admi- 
ration. The  poets  have  embellished  their  writ- 
ings with  many  beautiful  allusions  to  this 
splendid  meteor ;  and  the  playful  schoolboy, 
while  viewing  the  "  bright  enchantment,"  has 
frequently  run  "  to  catch  the  falling  glory." 
When  its  arch  rests  on  the  opposite  sides  of 
a  narrow  valley,  or  on  the  summits  of  two 
adjacent  mountains,  its  appearance  is  both 
beautiful  and  grand.  In  all  probability,  its 
figure  first  suggested  the  idea  of  arches,  which 
are  now  found  of  so  much  utility  in  forming 
aqueducts  and  bridges,  and  for  adorning  the 
architecture  of  palaces  and  temples.  It  is 
scarcely  possible  seriously  to  contemplate  this 
splendid  phenomenon  without  feeling  admi- 
ration and  gratitude  towards  that  wise  and 
beneficent  Being  whose  hands  have  bent  it 
into  so  graceful  and  majestic  a  form,  and 
decked  it  with  all  the  pride  of  colours.  "  Look 
upon  the  rainbow,"  says  the  son  of  Sirach,* 
"  and  praise  Him  that  made  it :  very  beauti- 
ful it  is  in  the  brightness  thereof.  It  com- 
passeth  the  heaven  about  with  a  glorious  circle, 
and  the  hands  of  the  Most  High  have  bended 
it."  To  this  grand  ethereal  bow  the  inspired 
writers  frequently  allude  as  one  of  the  em- 
blems of  the  majesty  and  splendour  of  the  Al- 
mighty. In  the  prophecies  of  Ezekiel,  the 
throne  of  Deity  is  represented  as  adorned  with 
a  brightness  "  like  the  appearance  of  the  bow 
that  is  in  the  cloud  in  the  day  of  rain — the 
*  Ecclesiasticus,  xliii.  11, 12. 
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appearance  of  the  likeness  of  the  glory  of  Je- 
hovah." And,  in  the  visions  recorded  in  the 
Book  of  the  Revelations,  where  the  Most 
High  is  represented  as  sitting  upon  a  throne, 
"  there  was  a  rainbow  round  about  the  throne, 
in  sight  like  unto  an  emerald,"  as  an  emblem 
of  his  propitious  character,  and  of  his  faithful- 
ness and  mercy.  After  the  deluge,  this  bow 
was  appointed  as  a  sign  and  memorial  of  the 
covenant  which  God  made  with  Noah  and  his 
sons,  that  a  flood  of  waters  should  never 
again  be  permitted  to  deluge  the  earth  and  its 
inhabitants,  and  as  a  pledge  of  inviolable  fide- 
lity and  Divine  benignity.  When,  therefore, 
we  at  any  time  behold  "the  bow  in  the 
cloud,"  we  have  not  only  a  beautiful  and  sub- 
lime phenomenon  presented  to  the  eye  of 
sense,  but  also  a  memorial  exhibited  to  the 
mental  eye,  assuring  us  that,  "  While  the  earth 
remaineth,  seed-time  and  harvest,  and  cold 
and  heat,  and  summer  and  winter,  and  day 
and  night,  shall  not  cease"* 

"  On  the  broad  sky  is  seen 
A  dewy  cloud,  and  in  the  cloud  a  bow 
Conspicuous,  with  seven  listed  colours  gay, 
Betokening  peace  with  God  and  covenant  new. 
He  gives  a  promise  never  to  destroy 
The  earth  again  by  flood,  nor  let  the  sea 
Surpass  his  bounds,  nor  rain  to  drown  the  world." 
MILTON,  Par.  Lost,  Book  XI. 


SECTION  IV. 

Reflections  on  the  beauty  and  utility  of 
Colours. 

Colour  is  one  of  the  properties  of  light 
which  constitutes  chiefly  the  beauty  and 
sublimity  of  the  universe.  It  is  colour,  in  all 
its  diversified  shades,  which  presents  to  our 
view  that  almost  infinite  variety  of  aspect 
which  appears  on  the  scene  of  nature,  which 
gives  delight  to  the  eye  and  the  imagination, 
and  which  adds  a  fresh  pleasure  to  every  new 
landscape  we  behold.  Every  flower  which 
decks  our  fields  and  gardens  is  compounded  of 
different  hues;  every  plain  is  covered  with 
shrubs  and  trees  of  different  degrees  of  ver- 

*  It  is  a  question  which  has  been  frequently 
started,  Whether  there  was  any  rainbow  before 
the  flood  I  Some  have  conceived  that  the  rain- 
bow was  something  of  a  miraculous  production, 
and  that  it  was  never  seen  before  the  flood.  The 
equivocal  sense  of  the  word  "set,"  in  our  trans- 
lation, has  occasioned  a  mistaken  impression  of 
this  kind.  The  Hebrew  word,  thus  translated, 
signifies  more  properly  "I  do  give,"  or  "I  ap- 
point" The  whole  passage  in  reference  to  this 
circumstance,  literally  translated,  runs  thus:  "I 
appoint  my  bow  which  is  in  the  cloud,  that  it  may 
be  for  a  sign  or  token  of  a  covenant  between  me 
and  the  earth  ;  and  it  shall  come  to  pass,  when  I 
bring  a  cloud  over  the  earth,  and  the  bow  shall  be 
seen  in  the  cloud,  that  I  will  remember  my  cove- 
nant that  is  between  me  and  you,"  &c.  As  the 


dure ;  and  almost  every  mountain  is  clothed 
with  herbs  and  grass  of  different  shade  from 
those  which  appear  on  the  hills  and  landscape 
with  which  it  is  surrounded.  In  the  country, 
during  summer,  nature  is  every  day,  and 
almost  every  hour,  varying  her  appearance  by 
the  multitude  and  variety  of  her  hues  and 
decorations,  so  that  the  eye  wanders  with 
pleasure  over  objects  continually  diversified, 
and  extending  as  far  as  the  sight  can  reach. 
In  the  flowers  with  which  every  landscape  is 
adorned,  what  a  lovely  assemblage  of  colours, 
and  what  a  wonderful  art  in  the  disposition  of 
their  shades !  Here  a  light  pencil  seems  to 
have  laid  on  the  delicate  tints ;  there  they  are 
blended  according  to  the  nicest  rules  of  art. 
Although  green  is  the  general  colour  which 
prevails  over  the  scene  of  sublunary  nature, 
yet  it  is  diversified  by  a  thousand  different 
shades,  so  that  every  species  of  tree,  shrub, 
and  herb  is  clothed  with  its  own  peculiar  ver- 
dure. The  dark  green  of  the  forests  is  thus 
easily  distinguished  from  the  lighter  shades  of 
cornfields  and  the  verdure  of  the  lawns.  'The 
system  of  animated  nature  likewise  displays  a 
diversified  assemblage  of  beautiful  colours. 
The  plumage  of  birds,  the  brilliant  feathers  of 
the  peacock,  the  ruby  and  emerald  hues  which 
adorn  the  little  humming-bird,  and  the  various 
embellishments  of  many  species  of  the  insect 
tribe,  present  to  the  eye,  in  every  region  of 
the  globe,  a  scene  of  diversified  beauty  and 
embellishment.  Nor  is  the  mineral  kingdom 
destitute  of  such  embellishments ;  for  some  of 
the  darkest  and  most  unshapely  stones  and 
pebbles,  when  polished  by  the  hand  of  art, 
display  a  mixture  of  the  most  delicate  and  va- 
riegated colours.  All  which  beauties  and  va- 
rieties in  the  scene  around  us  are  entirely 
owing  to  that  property,  in  every  ray  of  light, 
by  which  it  is  capable  of  being  separated  into 
the  primitive  colours. 

To  the  same  cause,  likewise,  are  to  be 
ascribed  those  beautiful  and  diversified  ap- 
pearances which  frequently  adorn  the  face  of 
the  sky — the  yellow,  orange,  and  ruby  hues 
which  embellish  the  firmament  at  the  rising  of 
the  sun,  and  when  he  is  about  to  descend 

rainbow  is  produced  by  the  immutable  laws  of  re- 
fraction and  reflection,  as  applied  to  the  rays  of  the 
sun  striking  on  drops  of  falling  rain,  the  pheno- 
menon must  have  been  occasionally  exhibited  from 
the  beginning  of  the  world  ;  unless  we  suppose 
that  there  was  no  rain  before  the  flood,  and  that 
the  constitution  of  things  in  the  physical  system 
was  very  different  from  what  it  is  now.  The 
passage  affirms  no  more  than  that  the  rainbow 
was  then  appointed  to  be  a  symbol  of  the  covenant 
between  God  and  man  ;  and  although  it  may  have 
been  frequently  seen  before,  it  would  serve  the 
purpose  of  a  sign  equally  well  as  if  it  had  been 
miraculously  formed  for  this  purpose,  and  even 
better,  as  its  frequent  appearance,  according  to 
natural  laws,  is  a  perpetual  memorial  to  man  of 
the  Divine  faithfulness  and  mercy. 
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below  the  western  horizcft  ;  and  those  aerial 
landscapes,  so  frequently  beheld  in  tropical 
climes,  where  rivers,  castles,  and  mountains 
are  depicted  rolling  over  each  other  along  the 
circle  of  the  horizon.  The  clouds,  especially 
in  some  countries,  reflect  almost  every  colour 
in  nature.  Sometimes  they  wear  the  modest 
blush  of  the  rose ;  sometimes  they  appear  like 
stripes  of  deep  vermilion,  and  sometimes  as 
large,  brilliant  masses  tinged  with  various 
hues ;  now  they  are  white  as  ivory,  and  now 
as  yellow  as  native  gold.  In  some  tropical 
countries,  according  to  St.  Pierre,  the  clouds 
roll  themselves  up  into  enormous  masses  as 
white  as  snow,  and  are  piled  upon  each  other 
like  the  Cordeliers  of  Peru,  and  are  moulded 
into  the  shape  of  mountains,  of  caverns,  and 
of  rocks.  When  the  sun  sets  behind  this 
magnificent  aerial  network,  a  multitude  of  lu- 
minous rays  are  transmitted  through  each 
particular  interstice,  which  produce  such  an 
effect  that  the  two  sides  of  the  lozenge  illumi- 
nated by  them  have  the  appearance  of  being 
begirt  with  a  fillet  of  gold ;  and  the  other  two, 
which  are  in  the  shade,  seem  tinged  with  a 
superb  ruddy  orange.  Four  or  five  divergent 
streams  of  light,  emanating  from  the  setting 
-sun  up  to  the  zenith,  clothe  with  fringes  of 
gold  the  undeterminate  summits  of  this  celes- 
tial barrier,  and  proceed  to  strike  with  the  re- 
flexes of  their  fires  the  pyramids  of  the  col- 
lateral aerial  mountains,  which  then  appear 
to  consist  of  silver  and  vermilion.  In  short, 
colour  diversifies  every  sublunary  scene, 
whether  on  the  earth  or  in  the  atmosphere ; 
it  imparts  a  beauty  to  the  phenomena  of  fall- 
ing stars,  of  luminous  arches,  and  the  corusca- 
tions of  the  Aurora  Borealis,  and  gives  a 
splendour  and  sublimity  to  the  spacious  vault 
of  heaven. 

Let  us  now  consider  for  a  moment  what 
would  be  the  aspect  of  nature  if,  instead  of 
the  beautiful  variety  of  embellishments  which 
now  appear  on  every  landscape,  and  on  the 
concave  of  the  sky,  one  uniform  colour  had 
been  thrown  over  the  scenery  of  the  universe. 
Let  us  conceive  the  whole  of  terrestrial  na- 
ture to  be  covered  with  snow,  so  that  not  an 
object  on  earth  should  appear  with  any  other 
hue,  and  that  the  vast  expanse  of  the  firma- 
ment presented  precisely  the  same  uniform 
aspect.  What  would  be  the  consequence? 
The  light  of  the  sun  would  be  strongly  re- 
flected from  all  the  objects  within  the  bounds 
of  our  horizon,  and  would  produce  a  lustre 
which  would  dazzle  every  eye.  The  day 
would  acquire  a  greater  brightness  than  it 
now  exhibits,  and  our  eyes  might,  after  some 
time,  be  enabled  freely  to  expatiate  over  the 
surrounding  landscape ;  but  every  thing, 
though  enlightened,  would  appear  confused, 
and  particular  objects  would  scarcely  be  dis- 
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tinguishable.  A  tree,  a  house,  or  a  church 
near  at  hand  might  possibly  be  distinguished, 
on  account  of  its  elevation  above  the  general 
surface  of  the  ground,  and  the  bed  of  a  river 
by  reason  of  its  being  depressed  below  it.  But 
we  should  be  obliged  rather  to  guess,  and  to 
form  a  conjecture  as  to  the  particular  object 
we  wished  to  distinguish,  than  to  arrive  at 
any  certain  conclusion  respecting  it ;  and  if  it 
lay  at  a  considerable  distance,  it  would  be  im- 
possible, with  any  degree  of  probability,  to 
discriminate  any  one  object  from  another. 
Notwithstanding  the  universal  brightness  of 
the  scene,  the  uniformity  of  colour  thrown  on 
every  object  would  most  certainly  prevent  us 
from  distinguishing  a  church  from  a  palace,  a 
cottage  from  a  knoll  or  heap  of  rubbish,  a 
splendid  mansion  from  rugged  rocks,  the  trees 
from  the  hills  on  which  they  grow,  or  a  barren 
desart  from  rich  and  fertile  plains.  In  such  a 
case  human  beings  would  be  confounded,  and 
even  friends  and  neighbours  be  at  a  loss  to 
recognize  one  another. 

The  vault  of  heaven,  too,  would  wear  a 
uniform  aspect.  Neither  planets  nor  comets 
would  be  visible  to  any  eye,  nor  those  mil- 
lions of  stars  which  now  shine  forth  with  so 
much  brilliancy,  and  diversify  the  nocturnal 
sky ;  for  it  is  by  the  contrast  produced  by  the 
deep  azure  of  the  heavens  and  the  white 
radiance  of  the  stars  that  those  bodies  are 
rendered  visible.  Were  they  depicted  on  a 
pure  white  ground,  they  would  not  be  distin- 
guished from  that  ground,  and  would,  con- 
sequently, be  invisible,  unless  any  of  them 
occasionally  assumed  a  different  colour.  Of 
course,  all  that  beautiful  variety  of  aspect 
which  now  appears  on  the  face  of  sublunary 
nature — the  rich  verdure  of  the  fields,  the 
stately  port  of  the  forest,  the  rivers  meander- 
ing through  the  valleys,  the  splendid  hues 
that  diversify  and  adorn  our  gardens  and 
meadows,  the  gay  colouring  of  the  morning 
and  evening  clouds,  and  all  that  variety  which 
distinguishes  the  different  seasons,  would  en- 
tirely disappear.  As  every  landscape  would 
exhibit  nearly  the  same  aspect,  there  would 
be  no  inducement  to  the  poet  and  the  philo- 
sopher to  visit  distant  countries  to  investigate 
the  scenes  of  nature,  and  journeyings  from 
one  region  to  another  would  scarcely  be  pro- 
ductive of  enjoyment.  Were  any  other  single 
colour  to  prevail,  nearly  the  same  results  would 
ensue.  Were  a  deep  ruddy  hue  to  be  uni- 
formly spread  over  the  scene  of  creation,  it 
would  not  only  be  offensive  to  the  eye,  but 
would  likewise  prevent  all  distinction  of  ob- 
jects. Were  a  dark  blue  or  a  deep  violet  to 
prevail,  it  would  produce  a  similar  effect,  and, 
at  the  same  time,  present  the  scene  of  nature 
as  covered  with  a  dismal  gloom.  Even  if 
creation  were  arrayed  in  a  robe  of  green, 
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which  is  a  more  pleasant  colour  to  the  eye, 
were  it  not  diversified  with  the  different 
shades  it  now  exhibits,  every  object  would  be 
equally  undistinsruishable. 

Such  would  have  been  the  aspect  of  crea- 
tion, and  the  inconveniences  to  which  we 
should  have  been  subjected,  had  the  Creator 
afforded  us  light  without  that  intermixture  of 
colours  which  now  appears  over  all  nature, 
and  which  serves  to  discriminate  one  object 
from  another.  Even  our  very  apartments 
would  have  been  tame  and  insipid,  incapable 
of  the  least  degree  of  ornament,  and  the  arti- 
cles with  which  they  are  furnished  almost 
undistinguishable,  so  that,  in  discriminating 
one  object  from  another,  we  should  have  been 
as  much  indebted  to  the  sense  of  touch  as  to 
the  sense  of  vision.  Our  friends  and  fellow- 
men  would  have  presenfed  no  objects  of  in- 
terest in  our  daily  associations.  The  spark- 
ling eye,  the  benignant  smile,  the  modest 
blush,  the  blended  hues  of  white  and  vermi- 
lion in  the  human  face,  and  the  beauty  of  the 
female  countenance,  would  all  have  vanished, 
and  we  should  have  appeared  to  one  another 
as  so  many  moving  marble  statues,  cast 
nearly  in  the  same  mould.  But  what  would 
have  been,  worst  of  all,  the  numerous  delays, 
uncertainties,  and  perplexities  to  which  we 
should  have  been  subjected,  had  we  been 
under  the  necessity  every  moment  of  distin- 
guishing objects  by  trains  of  reasoning,  and 
by  circumstances  of  time,  place,-  and  relative 
position  1  An  artist,  when  commencing  his 
work  in  the  morning,  with  a  hundred  tools 
of  nearly  the  same  size  and  shape  around  him, 
would  have  spent  a  considerable  portion  of  his 
time  before  he  could  have  selected  those  pro- 
per for  his  purpose,  or  the  objects  to  which 
they  were  to  be  applied ;  and  in  every  depart- 
ment of  society,  and  in  all  our  excursions  from 
one  place  to  another,  similar  difficulties  and 
perplexities  would  have  occurred.  The  one 
half  of  our  time  must  thus  have  been  employed 
in  uncertain  guesses  and  perplexing  reason- 
ings respecting  the  real  nature  and  individu- 
ality of  objects,  rather  than  in  a  regular  train 
of  thinking  and  of  employment ;  and,  after  all 
our  perplexities  and  conjectures,  we  must  have 
remained  in  the  utmost  uncertainty  as  to  the 
thousands  of  scenes  and  objects  which  are 
now  obvious  to  us,  through  the  instrument- 
ality of  colours,  as  soon  as  we  open  our  eyes. 

In  short,  without  colour  we  could  have  had 
no  books  nor  writings :  we  could  neither  have 
corresponded  with  our  friends  by  letters,  nor 
have  known  any  thing  with  certainty  of  the 
events  which  happened  in  former  ages.  No 
written  revelation  of  the  will  of  God,  and  of 
his  character,  such  as  we  now  enjoy,  could 
have  been  handed  down  to  us  from  remote 
periods  and  generations.  The  discoveries  of 


science  and  the  improvements  c-f  art  would 
have  remained  unrecorded.  Universal  ignc 
ranee  would  have  prevailed  throughout  the 
world,  and  the  human  mind  have  remained  in 
a  state  of  demoralization  and  debasement.  All 
these,  and  many  other  inconveniences  and 
evils  would  have  inevitably  followed,  had  not 
God  painted  the  rays  of  light  with  a  diversity 
of  colours.  And  hence  we  may  learn  that 
the  most  important  scenes  and  events  in  the 
universe  may  depend  upon  the  existence  of  a 
single  principle  in  nature,  and  even  upon  the 
most  minute  circumstances,  which  we  may  be 
apt  to  overlook,  in  the  arrangements  of  the 
material  world 

In  the  existing  state  of  things  in  the  visible 
creation,  we  cannot  but  admire  the  wisdom 
and  beneficence  of  the  Deity  in  thus  enabling 
us  to  distinguish  objects  by  so  easy  and  expe- 
ditious a  mode  as  that  of  colour,  which  in  a 
moment  discriminates  every  object  and  its 
several  relations.  We  rise  in  the  morning  to 
our  respective  employments,  and  our  food, 
our  drink,  our  tools,  our  books,  and  whatever 
is  requisite  for  our  comfort,  are  at  once  dis- 
criminated. Without  the  least  hesitation  or 
uncertainty,  and  without  any  perplexing  pro- 
cess of  reasoning,  we  can  lay  our  hands  on  » 
whatever  articles  we  require.  Colour  clothes 
every  object  with  its  peculiar  livery,  and  in- 
fallibly directs  the  hands  in  its  movements, 
and  the  eye  in  its  surveys  and  contemplations. 
But  this  is  not  the  only  end  which  the  Divine 
Being  had  in  view  in  impressing  on  the  rays 
of  light  a  diversity  of  colours.  It  is  evident 
that  he  Jjkewise  intended  to  minister  to  our 
pleasures  as  well  as  to  our  wants.  To  every 
man  of  taste,  and  almost  to  every  human 
being,  the  combination  of  colours  in  flowers, 
the  delicate  tints  with  which  they  are  painted, 
the  diversified  shades  of  green  with  which  the 
hills  and  dales,  the  mountains  and  the  vales 
are  arrayed,  and  that  beautiful  variety  which 
appears  in  a  bright  summer  day  on  all  the 
objects  of  this  lower  creation,  are  sources  of 
the  purest  enjoyment  and  delight.  It  is  colour, 
too,  as  well  as  magnitude,  that  adds  to  the 
sublimity  of  objects.  Were  the  canopy  of 
heaven  of  one  uniform  hue,  it  would  fail  in 
producing  those  lofty  conceptions,  and  those 
delightful  and  transporting  emotions,  which  a 
contemplation  of  its  august  scenery  is  calcu- 
lated to  inspire.  Colours  are  likewise  of  con- 
siderable utility  in  the  intercourse  of  general 
society.  They  serve  both  for  ornaments,  and 
for  distinguishing  the  different  ranks  and  con- 
ditions of  the  community;  they  add  to  the 
beauty  and  gracefulness  of  our  furniture  and 
clothing.  At  a  glance,  they  enable  us  at 
once  to  distinguish  the  noble  from  the  ignoble, 
the  prince  from  his  subjects,  the  master  from 
his  servant,  and  the  widow,  clothed  with  sable 
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wee'is,  from  the  bride  adorned  with  her  nup- 
tial ornaments. 

Since  colours,  then,  are  of  so  much  value 
and  importance,  they  may  be  reckoned  as 
holding  a  rank  among  the  noblest  natural 
gifts  of  the  Creator.  As  they  are  of  such 
essential  service  to  the  inhabitants  of  our 
globe,  there  can  be  no  doubt  that  they  serve 
similar  or  analogous  purposes  throughout  all 
the  worlds  in  the  universe.  The  colours  dis- 
played in  the  solar  beams  are  common  to  all 
the  globes  which  compose  the  planetary  sys- 
tem, and  must  necessarily  be  reflected,  in  all 
their  diversified  hues,  from  objects  on  their 
surfaces.  The  light  which  radiates  from  the 
fixed  stars  displays  a  similar  diversity  of 
colours.  Some  of  the  double  stars  are  found 
to  emit  light  of  different  hues ;  the  larger  star 
exhibiting  light  of  a  ruddy  or  orange  hue,  and 
the  smaller  one  a  radiance  which  approaches 
to  blue  or  green.  There  is,  therefore,  reason 
to  conclude  that  the  objects  connected  with 
the  planets  which  revolve  round  such  stars — 
being  occasionally  enlightened  by  suns  of 
different  hues — will  display  a  more  variegated 
and  splendid  scenery  of  colouring  than  is  ever 
beheld  in  the  world  on  which  we  dwell ;  and 
that  one  of  the  distinguishing  characteristics 
of  different  worlds,  in  regard  to  their  embel- 
lishments, may  consist  in  the  splendour  and 
variety  of  colours  with  which  the  objects  on 
their  surfaces  are  adorned.  In  the  metapho- 
rical description  of  the  glories  of  the  New 
Jerusalem,  recorded  in  the  Book  of  Revela- 
tion, one  of  the  chief  characteristics  of  that 
city  is  said  to  consist  in  the  splendour  and 
diversity  of  hues  with  which  it  is  adorned. 
It  i is  represented  as  "  coming  down  from 
heaven,  prepared  as  a  bride  adorned  for  her 
husband"  and  as  reflecting  all  the  beautiful 
and  variegated  colours  which  the  finest  gems 
on  earth  can  exhibit ;  evidently  indicating  that 
splendour  and  variety  of  colouring  are  some 
of  the  grandest  features  of  celestial  scenery. 

On  the  whole,  the  subject  of  colours,  when 
seriously  considered,  is  calculated  to  excite  us 
to  the  adoration  of  the  goodness  and  intelli- 
gence of  that  Almighty  Being  whose  wisdom 
planned  all  the  arrangements  of  the  universe, 
and  to  inspire  us  with  gratitude  for  the  nume- 
rous conveniences  and  pleasures  we  derive 
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from  those  properties  and  laws  he  has  im- 
pressed on  the  material  system.  He  might 
have  afforded  us  light,  and  even  splendid  illu- 
mination, without  the  pleasures  and  advantages 
which  diversified  colours  now  produce,  and 
man  and  other  animated  beings  might  have 
existed  in  such  a  state.  But  what  a  very  dif- 
ferent scene  would  the  world  have  presented 
from  what  it  now  exhibits !  Of  how  many 
thousands  of  pleasures  should  we  have  been 
deprived !  and  to  what  numerous  inconve- 
niences and  perplexities  should  we  have  been 
subjected  !  The  sublimity  and  glories  of  the 
firmament,  and  the  endless  beauties  and  varie- 
ties which  now  embellish  our  terrestrial  sys- 
tem, would  have  been  for  ever  unknown,  and 
man  could  have  had  little  or  no  incitement  to 
study  and  investigate  the  works  of  his  Crea- 
tor. In  this,  as  well  as  in  many  other  ar- 
rangements in  nature,  we  have  a  sensible 
proof  of  the  presence  and  agency  of  that  Al- 
mighty Intelligence  "  in  whom  we  live,  and 
move,  and  have  our  being."  None  but  an 
infinitely  Wise  and  Beneficient  Being,  inti- 
mately present  in  all  places,  could  thus  so  re- 
gularly create  in  us,  by  means  of  colour,  those 
exquisite  sensations  which  afford  so  much  de- 
light, and  which  unite  us,  as  it  were,  with 
every  thing  around  us.  In  the  diversity  of 
hues  spread  over  the  face  of  creation,  we  have 
as  real  a  display  of  the  Divine  presence  as 
Moses  enjoyed  at  the  burning  bush.  The 
only  difference  is,  that  the  one  was  out  of  the 
common  order  of  Divine  procedure,  and  the 
other  in  accordance  with  those  permanent 
laws  which  regulate  the  econorm  of  the  uni- 
verse. In  every  colour,  then,  which  we  con- 
template, we  have  a  sensible  memorial  of  the 
presence  of  that  Being  "whose  Spirit  gar- 
nished the  heavens  and  laid  the  foundations 
of  the  earth,"  and  whose  "  merciful  visitation" 
sustains  us  every  moment  in  existence.  But 
the  revelation  of  God  to  our  senses,  through 
the  various  objects  of  the  material  world,  has 
become  so  familiar,  that  we  are  apt  to  forget 
the  Author  of  all  our  enjoyments,  even  at  the 
moment  when  we  are  investigating  his  works 
and  participating  of  his  benefits.  "  O  that 
men  would  praise  Jehovah  for  his  goodness, 
and  for  his  wonderful  woiks  towards  the 
children  of  men." 
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PART  II. 

ON  TELESCOPES. 


CHAPTER  I. 

History  of  the  Invention  of  Telescopes. 


THE  telescope  is  an  optical  instrument  for 
viewing  objects  at  a  distance.  Its  name  is 
compounded  of  two  Greek  words,  trjKe,  which 
signifies  at  a  distance  or  far  off,  and  a%o7tEti', 
to  view  or  to  contemplate.  By  means  of 
telescopes,  remote  objects  are  represented  as 
if  they  were  near,  small  apparent  magnitudes 
are  enlarged,  confused  objects  are  rendered 
distinct,  and  the  invisible  and  obscure  parts 
of  very  distant  scenes  are  rendered  perceptible 
and  clear  to  the  organ  of  vision.  The  tele- 
scope is  justly  considered  as  a  grand  and  no- 
ble instrument.  It  is  not  a  little  surprising 
that  it  should  be  in  the  power  of  man  to  in- 
vent and  construct  an  instrument  by  which 
objects,  too  remote  for  the  unassisted  eye  to 
distinguish,  sh&uld  be  brought  within  the 
range  of  distinct  vision,  as  if  they  were  only  a 
few  yards  from  our  eye,  and  that  thousands 
of  august  objects  in  the  heavens,  which  had 
been  concealed  from  mortals  for  numerous 
ages,  should  be  brought  within  the  limits  of 
our  contemplation,  and  be  as  distinctly  per- 
ceived as  if  we  had  been  transported  many 
millions  of  miles  from  the  space  we  occupy 
through  the  celestial  regions.  The  celebrated 
Huygens  remarks,  in  reference  to  this  instru- 
ment, that,  in  his  opinion,  "  the  wit  and  in- 
dustry of  man  has  not  produced  any  thing  so 
noble  and  so  worthy  of  his  faculties  as  this 
sort  of  knowledge  (namely,  of  the  telescope ;) 
insomuch  that  if  any  particular  person  had 
been  so  diligent  and  sagacious  as  to  invent 
this  instrument  from  the  principles  of  nature 
and  geometry,  for  my  part,  I  should  have 
thought  his  abilities  were  more  than  human ; 
but  the  case  is  so  far  from  this,  that  the  most 
learned  men  have  not  yet  been  able  suffi- 
ciently to  explain  the  rea'son  of  the  effects  of 
this  casual  invention." 

The  persons  who  constructed  the  first  tele- 
scopes, and  the  exact  period  when  they  were 
first  invented,  are  involved  in  some  degree  of 
obscurity.  It  does  not  certainly  appear  that 
such  instruments  were  known  to  the  ancients, 
although  wfc  ought  not  to  be  perfectly  decisive 


on  this  point.  The  cabinets  of  the  curious 
contain  some  very  ancient  gems  of  admirable 
workmanship,  the  figures  on  which  are  so 
small  that  they  appear  beautiful  through  a 
magnifying  glass,  but  altogether  confused  and 
indistinct  to  the  naked  eye ;  and  therefore  it 
may  be  asked,  If  they  cannot  be  viewed,  how 
could  they  be  wrought,  without  the  assistance 
of  glasses?  And  as  some  of  the  ancients 
have  declared  that  the  moon  has  a  form  like 
that  of  the  earth,  and  has  plains,  hills,  and 
valleys  in  it,  how  could  they  know  this,  un- 
less by  mere  conjecture,  without  the  use  of  a 
telescope  ]  And  how  could  they  have  known 
that  the  Milky  Way  is  formed  by  the  com- 
bined rays  of  an  infinite  number  of  stars  ] 
For  Ovid  states,  in  reference  to  this  zone, 
"  its  groundwork  is  of  stars."  But,  whatever 
knowledge  the  ancients  may  have  possessed 
of  the  telescope  or  other  optical  glasses,  it  is 
quite  evident  that  they  never  had  telescopes 
of  such  size  and  power  as  those  which  we 
now  possess,  and  that  no  discoveries  in  the 
heavens,  such  as  are  now  brought  to  light, 
were  made  by  any  of  the  ancient  astronomers, 
otherwise  some  allusions  to  them  must  have 
been  found  in  their  writings. 

Among  the  moderns,  the  illustrious  Friar 
Bacon  appears  to  have  acquired  some  rude 
ideas  respecting  the  construction  of  telescopes. 
"Lenses  and  specula,"  says  he,  "may  be  so 
figured  that  one  object  may  be  multiplied  into 
many,  that  those  which  are  situated  at  a  great 
distance  may  be  made  to  appear  very  near, 
that  those  which  are  small  may  be  made  to 
appear  very  large,  arid  those  which  are  ob- 
scure very  plain ;  and  we  can  make  stars  to 
appear  wherever  we  will."  From  these  ex- 
pressions, it  appears  highly  probable  that  this 
philosopher  was  acquainted  with  the  general 
principle  both  of  telescopes  and  microscopes, 
and  that  he  may  have  constructed  telescopes 
of  small  magnifying  power  for  his  own  obser- 
vation and  amusement,  although  they  never 
came  into  general  use.  He  was  a  man  of 
extensive  learning,  and  made  so  rapid  a  pro- 
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gross  in  the  sciences,  when  attending  the 
University  of  Paris,  that  he  was  esteemed 
the  glory  of  that  seat  of  learning.  He  prose- 
cuted his  favourite  study  of  experimental  phi- 
losophy with  unremitting  ardour,  and  in  this 
pursuit,,  in  the  course  of  twenty  years,  he  ex- 
pended no  less  than  £2000  in  experiments, 
instruments,  and  in  procuring  scarce  books. 
In  consequence  of  such  extraordinary  talents 
and  such  astonishing  progress  in  the  sciences 
in  that  ignorant  age,  he  was  represented,  by 
the  envy  of  his  illiterate  fraternity,  as  having 
dealings  with  the  devil ;  and,  under  this  pre- 
tence, he  was  restrained  from  reading  lectures, 
and  at  length,  in  1278,  when  sixty-four  years 
of  age,  he  was  imprisoned  in  his  cell,  where 
he  remained  in  confinement  for  ten  years. 
He  shone  like  a  single  bright  star  in  a  dark 
hemisphere — the  glory  of  our  country — and 
died  at  Oxford,  in  the  year  1294,  in  the 
eightieth  year  of  his  age.  "  Friar  Bacon," 
says  the  Rev.  Mr.  Jones,  "  may  be  considered 
as  the  first  of  English  philosophers;  his  pro- 
found skill  in  mechanics,  optics,  astronomy, 
and  chemistry  would  make  an  honourable 
figure  in  the  present  age.  But  he  is  entitled 
to  further  praise,  as  he  made  all  his  studies 
subservient  to  theology,  and  directed  all  his 
writings,  as  much  as  could  be,  to  the  glory 
of  God.  He  had  the  highest  regard  for  the 
sacred  Scriptures,  and  was  persuaded  they 
contain  the  principles  of  all  true  science." 

The  next  person  who  is  supposed  to  have 
acquired  a  knowledge  of  telescopes  was 
Joannes  Baptista  Porta,  of  Naples,  who 
flourished  in  the  sixteenth  century.  He  dis- 
covered the  Camera  Obscura,  the  knowledge 
of  which  might  naturally  have  led  to  the  in- 
vention of  the  telescope ;  but  it  does  not  ap- 
pear that  he  ever  constructed  such  an  instru- 
ment. Des  Cartes  considers  James  Metius, 
a  Dutchman,  as  the  first  constructor  of  a  tele- 
scope, and  says  that,  "as  he  was  amusing 
himself  with  making  mirrors  and  ,burning- 
glases,he  casually  thought  of  looking  through 
tvro  of  his  lenses  at  a  time,  and  found  that 
distant  objects  appeared  very  large  and  dis- 
tinct." Others  say  that  this  great  discovery 
was  first  made  by  John  Lippersheim,  a  maker 
of  spectacles  at  Middleburg,  or,  rather,  by  his 
children,  who  were  diverting  themselves  with 
looking  through  two  glasses  at  a  time,  and 
placing  them  at  different  distances  from  each 
other.  But  Borellus,  who  wrote  a  book  "  on 
the  invention  of  the  telescope,"  gives  this 
honour  to  ZachariasJansen,  another  spectacle 
maker  in  the  same  town,  who,  he  says,  made 
the  first  telescope  in  1590.  Jansen  was  a 
diligent  inquirer  into  nature,  and,  being  en- 
gaged in  such  pursuits,  he  was  trying  what 
•j^e  could  be  made  of  lenses  for  those  purposes, 
when  he  fortunately  hit  upon  the  construction. 
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Having  found  the  arrangement  of  glasses 
which  produced  the  effect  desired,  he  in- 
closed them  in  a  tube,  and  ran  with  his  in- 
strument to  Prince  Maurice,  who,  immedi- 
ately conceiving  that  it  might  be  of  use  to 
him  in  his  wars,  desired  the  author  to  keep 
it  a  secret.  Such  are  the  rude  conceptions 
and  selfish  views  of  princely  warriors,  who 
would  apply  every  invention  in  their  power 
for  the  destruction  of  mankind.  But  the 
telescope  was  soon  destined  to  more  noble 
and  honourable  achievements.  Jansen,  it  is 
said,  directed  his  instrument  towards  celestial 
objects,  and  distinctly  saw  the  spots  on  the 
surface  of  the  moon,  and  discovered  many 
new  stars,  particularly  several  pretty  con- 
siderable ones  in  the  Great  Bear.  His  son 
Joannes  is  said  to  have  noticed  the  lucid 
circle  near  the  lower  limb  of  the  moon,  now 
named  Tycho,  from  whence  several  bright 
rays  seemed  to  dart  in  different  directions. 
In  viewing  Jupiter,  he  perceived  two,  some- 
times three,  and,  at  the  most,  four  small  stars, 
a  little  above  or  below  him,  and  thought  that 
they  performed  revolutions  around  him.  This 
was  probably  the  first  observation  of  the 
satellites  of  Jupiter,  though  the  person  who 
made  it  was  not  aware  of  the  importance  of 
his  discovery.* 

It  is  not  improbable  that  different  persons 
about  Middleburg  hit  upon  the  invention,  in 
different  modes,  about  the  same  time.  Lip- 
persheim seems  to  have  made  his  first  rude 
telescope  by  adjusting  two  glasses  on  a  board, 
and  supporting  them  on  brass  circles.-f- 
Other  workmen,  particularly  Metius  and 
Jansen,  in  emulation  of  each,  other,  seem  to 
have  made  use  of  that  discovery,  and  by  the 
new  form  they  gave  it,  made  all  the  honour 
of  it  their  own.  One  of  them,  considering 
the  effects  of  light  as  injurious  to  distinctness, 
placed  the  glasses  in  a  tube  blackened  with- 
in. The  other,  still  more  cautious,  placed 
the  same  glasses  within  tubes  capable  of  slid- 
ing one  in  another,  both  to  vary  the  prospects, 
by  lengthening  the  instrument,  according  to 
the  pleasure  of  the  observer,  and  to  render  it 
portable  and  commodious.  Thus  it  is  pro- 
bable that  different  persons  had  a  share  in  the 
invention,  and  jointly  contributed  to  its  im- 
provement. At  any  rate,  it  is  undoubtedly 
to  the  Dutch  that  we  owe  the  original  inven- 
tion. The  first  telescope  made  by  Jansen  did 
not  exceed  fifteen  or  sixteen  inches  in  length, 

*  Though  Borellus  mentions  this  circumstance, 
yet  there  is  some  reason  to  doubt  the  accuracy 
of  this  statement,  as  young  Jansen  appears  to 
have  been  at  that  period  not  more  than  six  years 
old  ;  so  that  it  is  more  probable  that  Galileo  waa 
the  first  discoverer  of  Jupiter's  satellites. 

fThe  reader  may  see  an  engraving  of  this  in 
strument  in  the  author's  work  entitled  "  The  Im 
provement  of  Society." 
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and  therefore  its  magnifying  power  could  not 
have  been  very  great 

The  famous  Galileo  has  frequently  been 
supposed  to  have  been  the  inventor  of  the 
telescope,  but  he  acknowledges  that  he  had 
not  the  honour  of  being  the  original  inventor, 
having  first  learned  from  a  German  that  such 
an  instrument  had  already  been  made ;  al- 
though, from  his  own  account,  it  appears  that 
he  had  actually  reinvented  this  instrument. 
The  following  is  the  account,  in  his  own 
words,  of  the  circumstances  which  led  him  to 
construct  a  telescope :  "  Nearly  ten  months 
ago  (namely,  in  April  or  May,  1609,)  it  was 
reported  that  a  certain  Dutchman  had  made 
a  perspective  through  which  many  distant  ob- 
jects appeared  distinct  as  if  they  were  near. 
Several  effects  of  this  wonderful  instrument 
were  reported,  which  some  believed  and 
others  denied ;  but,  having  it  confirmed  to  me 
a  few  days  after  by  a  letter  from  the  noble 
John  Badoverie,  at  Paris,  I  applied  myself  to 
consider  the  reason  of  it,  and  by  what  means 
I  might  contrive  a  similar  instrument,  which 
I  afterward  attained  to  by  the  doctrine  of  re- 
fractions. And,  first,  I  prepared  a  leaden 
tube,  to  whose  extremities  I  fitted  two  spec- 
tacle-glasses, both  of  them  plane  on  one  side, 
arid  on  the  other  side  one  of  them  was  spheri- 
cally convex,  and  the  other  concave.  Then 
applying  my  eye  to  the  concave,  I  saw  ob- 
jects appear  pretty  large  and  pretty  near  me. 
They  appeared  three  times  nearer  and  nine 
times  larger  in  surface  than  to  the  naked  eye  ; 
and  soon  after  I  made  another,  which  repre- 
sented objects  about  sixty  times  larger,  and 
eight  times  nearer;  and  at  last, having  spared 
no  labour  or  expense,  I  made  an  instrument 
so  excellent  as  to  show  things  almost  a  thou- 
sand times  larger,  and  above  thirty  times 
nearer,  than  to  the  naked  eye."  In  another 
part  of  his  writings,  Galileo  informs  us  that 
"  he  was  at  Venice  when  he  heard  of  Prince 
Maurice's  instrument,  but  nothing  of  its  con- 
struction ;  that  the  first  night  after  he  returned 
to  Padua  he  solved  the  problem,  and  made 
his  instrument  the  next  day,  and  soon  after 
presented  it  to  the  doge  at  Venice,  who,  to  do 
him  honour  for  his  grand  invention,  gave  him 
the  ducal  letters  which  settled  him  for  life  in 
his  lectureship  at  Padua ;  and  the  Republic, 
on  the  25th  of  August,  in  the  same  year 
(1610,)  more  than  tripled  his  salary  as  pro- 
fessor." 

The  following  is  the  account  which  this 
philosopher  gives  of  the  process  of  reasoning 
which  led  him  to  the  construction  of  a  tele- 
scope :  "  I  argued  in  the  following  manner  : 
The  contrivance  consists  either  of  one  glass 
or  more  :  one  is  not  sufficient,  since  it  must 
be  either  convex,  concave,  or  plane  ;  the  last 
does  not  produce  any  sensible  alteration  in 
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objects,  the  cancave  diminishes  them ;  it  i* 
true  that  the  convex  magnifies,  but  it  renders 
them  confused  and  indistinct,  consequently, 
one  glass  is  insufficient  to  produce  the  desired 
effect.  Proceeding  to  consider  two  glasses, 
and  bearing  in  mind  that  the  plane  glass 
causes  no  change,  I  determined  that  the  in- 
strument could  not  consist  of  the  combination 
of  a  plane  glass  with  either  of  the  other  two. 
I  therefore  applied  myself  to  make  experi- 
ments on  combinations  of  the  two  other  kinds, 
and  thus  obtained  that  of  which  I  was  in 
search."  If  the  true  inventor  is  the  person 
who  makes  the  discovery  by  reasoning  and 
reflection,  by  tracing  facts  and  principles  to 
their  consequences,  and  by  applying  his  in- 
vention to  important  purposes,  then  Galileo 
may  be  considered  as  the  real  inventor  of  the 
telescope.  No  sooner  had  he  constructed 
this  instrument — before  he  had  seen  any  simi- 
lar one — than  he  directed  his  tube  to  the 
celestial  regions,  and  his  unwearied  diligence 
and  ardour  were  soon  rewarded  by  a  series 
of  new  and  splendid  discoveries.  He  descried 
the  four  satellites  of  Jupiter,  and  marked  the 
periods  of  their  revolutions;  he  discovered 
the  phases  of  Venus,  and  thus  was  enabled 
to  adduce  a  new  proof  of  the  Corpernican 
system,  and  to  remove  an  objection  that  had 
been  brought  against  it.  He  traced  on  the 
lunar  orb  a  resemblance  to  the  structure  of 
the  earth,  and  plainly  perceived  the  outlines 
of  mountains  and  vales,  casting  their  shadows 
over  different  parts  of  its  surface.  He  ob- 
served that,  when  Mars  was  in  quadrature, 
his  figure  varied  slightly  from  a  perfect  circle, 
and  that  Saturn  consisted  of  a  triple  body, 
having  a  small  globe  on  each  side,  which  de- 
ception was  owing  to  the  imperfect  power  of 
his  telescope,  which  was  insufficient  to  show 
hirn  that  the  phenomenon  was  in  reality  a 
ring.  In  viewing  the  sun,  he  discovered 
large  dark  spots  on  the  surface  of  that  lumi- 
nary, by  which  he  ascertained  that  that 
mighty  orb  performed  a  revolution  round  its 
axis.  He  brought  to  view  multitudes  of  stars 
imperceptible  to  the  naked  eye,  and  ascer- 
tained that  those  nebulous  appearances  in  the 
heavens  which  constitute  the  Milky  Way 
consist  of  a  vast  collection  of  minute  stars 
too  closely  compacted  together  to  produce  an 
impression  on  our  unassisted  vision. 

The  results  of  Galileo's  observations  were 
given  to  the  world  in  a  small  work,  entitled 
"  Nuncius  Sidereus"  or,  " News  from  the 
Starry  Regions,"  which  produced  an  extraor- 
dinary sensation  among  the  learned.  These 
discoveries  soon  spread  throughout  Europe, 
and  were  incessantly  talked  of,  and  were  the 
cause  of  much  speculation  and  debate  among 
the  circles  of  philosophers.  Many  doubted ; 
many  positively  refused  to  believe  so  novel 
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and  unlooked-for  announcements,  because  they 
ran  counter  to  the  philosophy  of  Aristotle,  and 
all  the  preconceived  notions  which  then  pre- 
railed  in  the  learned  world.  It  is  curious,  and 
may  be  instructive,  to  consider  to  what  a 
length  of  absurdity  ignorance  and  prejudice 
carried  many  of  those  who  made  pretensions 
to  learning  and  science.  Some  tried  to  rea- 
son against  the  facts  alleged  to  be  discovered  ; 
others  contented  themselves,  and  endeavoured 
to  satisfy  others  with  the  simple  assertion  that 
such  things  were  not,  and  could  not  possibly 
be ;  and  the  manner  in  which  they  supported 
themselves  in  their  incredulity  was  truly 
ridiculous.  "  O  my  dear  Kepler,"  says  Ga- 
lileo, in  a  letter  to  that  astronomer,  "  how  I 
wish  we  could  have  one  hearty  laugh  to- 
gether. Here  at  Padua  is  the  principal  pro- 
fessor of  philosophy,  whom  I  have  repeatedly 
and  urgently  requested  to  look  at  the  moon 
and  planets  through  my  glass,  which  he  perti- 
naciously refuses  to  do,  lest  his  opinions 
should  be  overturned.  Why  are  you  not  here  ? 
what  shouts  of  laughter  we  should  have  at  this 
glorious  folly !  and  to  hear  the  professor  of 
philosophy  at  Pisa  labouring  with  the  Grand- 
duke  with  logical  arguments,  as  if  with  magi- 
cal incantations  to  charm  the  new  planets  out 
of  the  sky."  Another  opponent  of  Galileo, 
one  Christmann,  says,  in  a  book  he  published, 
"We  are  not  to  think  that  Jupiter  has  four 
satellites  given  him  by  nature,  in  order,  by  re- 
volving round  him,  to  immortalize  the  Medici 
who  first  had  notice  of  the  observation.  These 
are  the  dreams  of  idle  men,  who  love  ludicrous 
ideas  better  than  our  laborious  and  industrious 
correction  of  the  heavens.  Nature  abhors  so 
horrible  a  chaos,  and  to  the  truly  wise  such 
vanity  is  detestable."  One  Martin  Horky,  a 
would-be  philosopher,  declared  to  Kepler,  "I 
will  never  concede  his  four  new  planets  to 
that  Italian  from  Padua,  though  I  should  die 
for  it ;"  and  he  followed  up  this  declaration 
by  publishing  a  book  against  Galileo,  in  which 
he  examines  four  principal  questions  respect- 
ing the  alleged  planets:  1.  Whether  they 
exist  1  2.  What  they  are  7  3.  What  they 
are  like?.  4.  Why  they  are?  The  first 
question  is  soon  disposed  of  by  declaring  posi- 
tively that  he  has  examined  the  heavens  with 
Galileo's  own  glass,  and  that  no  such  thing  as 
a  satellite  about  Jupiter  exists.  To  the  second, 
he  declares  solemnly  that  he  does  not  more 
surely  know  that  he  has  a  soul  in  his  body 
than  that  reflected  rays  are  the  sole  cause 
of  Galileo's  erroneous  observations.  In  re- 
gard to  the  third  question,  he  says  that  these 
planets  are  like  the  smallest  fly  compared  to 
an  elephant;  and  finally  concludes,  on  the 
fourth,  that  the  only  use  of  them  is  to  gratify 
Galileo's  "  thirst  of  gold,"  and  to  afford  him- 
aelf  a  subject  of  discussion.  Kepler,  in  a  letter 
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to  Galileo,  when  alluding  to  Horky,  says, 
"  He  begged  so  hard  to  be  foi  given,  that  I  have 
taken  him  again  into  favour  upon  this  pre- 
liminary condition,  that  I  am  to  show  him 
Jupiter's  satellites,  A>~B  HE  is  TO  SEE  THEM, 
and  own  that  they  are  there." 

The  following  is  a  specimen  of  the  reason- 
ing of  certain  pretended  philosophers  of  that 
age  against  the  discoveries  of  Galileo :  Sizzi, 
a  Florentine  astronomer,  reasons  in  this  strain  : 
"  There  are  seven  windows  given  to  animals 
in  the  dornicil  of  the  head,  through  which  the 
air  is  admitted  to  the  rest  of  the  tabernacle  of 
the  body,  to  enlighten,  to  warm,  and  to  nourish 
it;  two  nostrils,  two  eyes,  two  ears,  and  a 
mouth  ;  so  in  the  heavens,  or  the  great  world, 
there  are  two  favourable  stars,  two  unpropi- 
tious,  two  luminaries,  and  Mercury  alone  un- 
decided and  indifferent.  From  which,  and 
many  other  similar  phenomena  in  nature, 
such  as  the  seven  metals,  &c.,  we  gather  that 
the  number  of  planets  is  necessarily  seven. 
Moreover,  the  satellites  are  invisible  to  the 
naked  eye,  and  therefore  can  exert  no  influ- 
ence on  the  earth,  and  therefore  would  be  use- 
less, and  therefore  do  not  exist.  Besides,  as 
well  the  Jews  as  other  ancient  nations  have 
adopted  the  division  of  the  week  into  seven 
days,  and  have  named  them  from  the  seven 
planets.  Now,  if  we  increase  the  number  of 
the  planets,  this  whole  system  falls  to  the 
ground."  The  opinions  which  (hen  prevailed 
in  regard  to  Galileo's  observations  on  the 
moon  were  such  as  the  following :  Some 
thought  that  the  dark  shades  on  the  moon's 
surface  arose  from  the  interposition  of  opaque 
bodies  floating  between  her  and  the  sun,  which 
prevent  his  light  from  reaching  those  parts ; 
others  imagined  that,  on  account  of  her  vi- 
cinity to  the  earth,  she  was  partly  tainted  with 
the  imperfections  of  our  terrestrial  and  ele- 
mentary nature,  and  was  not  of  that  entirely 
pure  and  refined  substance  of  which  the  more 
remote  heavens  consist ;  and  a  third  party 
looked  on  her  as  a  vast  mirror,  and  maintained 
that  the  dark  parts  of  her  surface  were  the  re- 
flected images  of  our  earthly  forests  and  moun- 
tains. 

Such  learned  nonsense  is  a  disgrace  to  our 
species,  and  to  the  rational  faculties  with  which 
man  is  endowed,  and  exhibits,  in  a  most  lu- 
dicrous manner,  the  imbecility  and  prejudice 
of  those  who  made  bold  pretensions  to  erudi- 
tion and  philosophy.  The  statement  of  such 
facts,  however,  may  be  instructive,  if  they  tent? 
to  guard  us  against  those  prejudices  and  pre- 
conceived opinions  which  prevent  the  mind 
from  the  cordial  reception  of  truth,  and  from 
the  admission  of  improvements  in  society 
which  run  counter  to  long-established  cus- 
toms. For  the  same  principles  and  prejudices, 
though  in  a  different  form,  still  operate  in 


THE  INVENTION  OF  TELESCOPES. 


69 


society,  and  retard  the  improvement  of  the 
social  state,  the  march  of  science,  and  the  pro- 
gress of  Christianity.  How  ridiculous  is  it 
for  a  man  calling  himself  a  philosopher  to  be 
afraid  to  look  through  a  glass  to  an  existing 
object  in  the  heavens,  lest  it  should  endanger 
his  previous  opinions !  And  how  foolish  is  it 
to  resist  any  improvement  or  reformation  in 
society  because  it  does  not  exactly  accord  with 
existing  opinions  and  with  "  the  wisdom  of 
our  ancestors  !" 

It  is  not  a  little  surprising  that  Galileo 
should  have  first  hit  on  that  construction  of  a 
telescope  which  goes  by  his  name,  and  which 
was  formed  with  a  concave  glass  next  the  eye. 
This  construction  of  a  telescope  is  more  diffi- 
cult to  be  understood  in  theory  than  one 
which  is  composed  solely  of  convex  glasses; 
and  its  field  of  view  is  comparatively  very 
small,  so  that  it  is  almost  useless  when  at- 
tempted to  be  made  of  a  great  length.  In  the 
present  day,  we  cannot  help  wondering  that 
Galileo  and  other  astronomers  should  have 
made  such  discoveries  as  they  did  with  such 
an  instrument,  the  use  of  which  must  have 
required  a  great  degree  of  patience  and  ad- 
dress. Galileo's  best  telescope,  which  he  con- 
structed "  with  great  trouble  and  expense," 
magnified  the  diameters  of  objects  only  thirty- 
three  times ;  but  its  length  is  not  stated,  which 
would  depend  upon  the  focal  distance  of  the 
concave  eyeglass.  If  the  eyeglass  was  two 
inches  focus,  the  length  of  the  instrument 
would  be  five  feet  four  inches ;  if  it  was  only 
one  inch,  the  length  would  be  two  feet  eight 
inches,  which  is  the  least  we  can  allow  to  it 
— the  object-glass  being  thirty-three  inches 
focus,  and  the  eyeglass  placed  an  inch  within 
this  focus.  With  this  telescope  Galileo  dis- 
covered the  satellites  of  Jupiter,  the  crescent 
of  Venus,  and  the  other  celestial  objects  to 
which  we  have  alluded.  The  telescopes 
made  in  Holland  are  supposed  to  have  been 
constructed  solely  of  convex  glasses,  on  the 
principle  of  the  astronomical  telescope ;  and  if 
so, Galileo's  telescope  was  in  reality  a  new  in- 
vention. 

Certain  other  claimants  of  the  invention  of 
the  telescope  have  appeared,  besides  those 
already  mentioned.  Francis  Fontana,  in  his 
"  Celestial  Observations,"  says  that  he  was  as- 
sured by  a  Mr.  Hardy,  advocate  of  the  Parlia- 
ment of  Paris,  a  person  of  great  learning  and 
undoubted  integrity,  that,  on  the  death  of  his 
father,  there  was  found  among  his  things  an 
old  tube  by  which  distant  objects  were  dis- 


tinctly seen,  and  that  it  was  of  a  date  long 
prior  to  the  telescope  lately  invented,  and  had 
been  kept  by  him  as  a  secret.  Mr.  Leonard 
Digges,  a  gentleman  who  lived  near  Bristol  in 
the  seventeenth  century,  and  was  possessed  of 
great  and  various  knowledge,  positively  asserts 
in  his  "  Stratoticos"  and  in  another  work, 
that  his  father,  a  military  gentleman,  had  an 
instrument  which  he  used  in  the  field,  by 
which  he  could  bring  distant  objects  near,  end 
could  know  a  man  at  the  distance  of  three 
miles.  Mr.  Thomas  Digges,  in  the  preface  to 
his  "  Pantometria,"  published  in  1591,  de- 
clares, "  My  father,  by  his  continual  painful 
practices,  assisted  by  demonstrations  mathe- 
matical, was  able,  arid  sundry  times  hath,  by 
proportional  glasses,  duly  situate  in  conve- 
nient angles,  not  only  discovered  things  far 
off,  read  letters,  numbered  pieces  of  money, 
with  the  very  coin  and  superscription  thereof, 
cast  by  some  of  his  friends  of  purpose,  upon 
downs  in  open  fields,  but  also,  seven  miles  off, 
declared  what  hath  been  done  that  instant  in 
private  places.  He  hath  also,  sundry  times, 
by  the  sunbeams,  fired  powder  and  discharged 
ordnance  half  a  mile  and  more  distant,  and 
many  other  matters  far  more  strange  and  rare,  of 
which  there  are  yet  living  divers  witnesses." 

It  is  by  no  means  unlikely  that  persons 
accustomed  to  reflection,  and  imbued  with  a 
certain  degree  of  curiosity,  when  handling 
spectacle  glasses,  and  amusing  themselves 
with  their  magnifying  powers  and  other  pro- 
perties, might  sometimes  hit  upon  the  con- 
struction of  a  telescdpe,  as  it  only  requires 
two  lenses  of  different  focal  distances  to  be 
held  at  a  certain  distance  from  each  other,  in 
order  to  show  distant  objects  magnified.  Nay, 
even  one  lens,  of  a  long  focal  distance,  is  suf- 
ficient to  constitute  a  telescope  of  a  moderate 
magnifying  power,  as  I  shall  show  in  the  se- 
quel. But  such  instruments,  when  they  hap- 
pen to  be  constructed  accidentally,  appear  to 
have  been  kept  as  secrets,  and  confined  to  the 
cabinets  of  the  curious,  so  that  they  never 
came  into  general  use ;  and  as  their  magnifying 
power  would  probably  be  comparatively  small, 
the  appearance  of  the  heavenly  bodies  would 
not  be  much  enlarged  by  such  instruments, 
nor  is  it  likely  that  they  would  be  often  di- 
rected to  the  heavens.  On  the  whole,  there- 
fore, we  may  conclude  that  the  period  when 
instruments  of  this  description  came  into  ge- 
neral use,  and  were  applied  to  useful  pur- 
poses, was  when  Galileo  constructed  his  first 
telescopes. 
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CHAPTER  II. 

Of  the  Camera  Obscura. 


BEFORE  proceeding  to  a  particular  descrip- 
tion of  the  different  kinds  of  telescopes,  I  shall 
first  give  a  brief  description  of  the  camera  ob- 
scura,  as  the  phenomena  exhibited  by  this 
instrument  tend  to  illustrate  the  principle  of  a 
refracting  telescope. 

The  term  camera  obscura  literally  signifies 
a  darkened  vault  or  roof,  and  hence  it  came 
to  denote  a  chamber,  or  box,  or  any  other 
place  made  dark  for  the  purpose  of  optical 
experiments.  The  camera  obscura,  though  a 
simple,  is  yet  a  very  curious  and  noble  con- 
trivance, as  it  naturally  and  clearly  explains 
the  manner  in  which  vision  is  performed,  and 
the  principle  of  the  telescope,  and  entertains 
the  spectator  with  a  most  exquisite  picture  of 
surrounding  objects,  painted  in  the  most  ac- 
curate proportions  and  colours  by  the  hand 
of  nature.  The  manner  of  exhibiting  the 
pictures  of  objects  in  a  dark  room  is  as  fol- 
lows: In  one  of  the  window-shutters  of  a 
room  which  commands  a  good  prospect  of  ob- 
jects not  very  distant,  a  circular  hole  should 
be  cut  of  four  or  five  inches  diameter.  In 
this  hole  an  instrument  should  be  placed  called 
a  scioptric  ball,  which  has  three  parts,  a  frame, 
a  ball,  and  a  lens.  The  ball  has  a  circular 
hole  cut  through  the  middje,  in  which  the 
lens  is  fixed,  and  its  use  is  to  turn  every  way, 
so  as  to  take  in  a  view  of  objects  on  every 
side.  The  chamber  should  be  made  perfectly 
dark,  and  a  white  screen,  or  a  large  sheet  of 
elephant  paper,  should  be  placed  opposite  to 
the  lens,  and  in  its  focus,  to  receive  the  image. 
If,  then,  the  objects  without  be  strongly  en- 
lightened by  the  sun,  there  will  be  a  beautiful 
living  picture  of  the  scene  delineated  on  the 
white  screen,  where  every  object  is  beheld  in 
its  proportions,  and  with  its  colours  even  more 
vivid  than  life.  Green  objects  appear  in  the 
picture  more  intensely  green ;  and  yellow, 
blue,  red,  or  white  flowers  appear  much  more 
beautiful  in  the  picture  than  in  nature.  If 
the  lens  be  a  good  one,  and  the  room  perfectly 
dark,  the  perspective  is  seen  in  perfection. 
The  lights  and  shadows  are  not  only  perfectly 
just,  but  also  greatly  heightened ;  and,  what 
is  peculiar  to  this  delineation,  and  which  no 
other  picture  or  painting  can  exhibit,  the  mo- 
tions of  all  the  objects  are  exactly  expressed 
in  the  picture ;  the  boughs  of  the  trees  wave, 
the  leaves  quiver,  the  smoke  ascends  in  a 
waving  form,  the  people  walk,  the  children  at 
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their  sports  leap  aisd  run,  the  horse  and 
cart  move  along,  the  ships  sail,  the  clouds  soar 
and  shift  their  aspects,  and  all  as  natural  as 
in  the  real  objects  ;  the  motions  being  some- 
what quicker,  as  they  are  performed  in  a  more 
contracted  scene. 

These  are  the  inimitable  perfections  of  a 
picture  drawn  by  the  rays  of  light  as  the  only 
pencil  in  nature's  hand,  and  which  are  finished 
in  a  moment ;  for  no  sensible  interval  elapses 
before  the  painting  is  completed,  when  the 
ground  on  which  it  is  painted  is  prepared  and 
adjusted.  In  comparison  of  such  a  picture, 
the  finest  productions  of  the  most  celebrated 
artists,  the  proportions  of  Raphael,  the  natural 
tints  and  colouring  of  Titian,  and  the  sha- 
dowing of  the  Venetians,  are  but  coarse  and 
sorry  daubing,  when  set  in  competition  with 
what  nature  can  exhibit  by  the  rays  of  light 
passing  through  a  single  lens.  The  camera 
obscura  is  at  the  same  time  the  painter's  as- 
sistant ana  the  painter's  reproach.  From  the 
picture  it  forms  he  receives  his  best  instruc- 
tions, and  he  is  shown  what  he  should  en- 
deavour to  attain ;  and  hence,  too,  he  learns 
the  imperfections  of  his  art,  and  what  it  is  im- 
possible for  him  to  imitate.  As  a  proof  of 
this,  the  picture  formed  in  the  dark  chamber 
will  bear  to  be  magnified  to  a  great  extent, 
without  defacing  its  beauty  or  injuring  the 
fineness  of  its  parts ;  but  the  finest  painted 
landscape,  if  viewed  through  a  high  magnifier, 
will  appear  only  as  a  coarse  daubing. 

The  following  scheme  will  illustrate  what 

Fig.  37. 


has  been  now  stated  respecting  the  dark 
chamber:  E  F  represents  a  darkened    oom, 
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in  the  side  of  which,  /  K,  is  made  the  circular 
hole  F,  in  which,  on  the  inside,  is  fixed  the 
scioptric  ball.  At  some  considerable  distance 
from  this  hole  is  exhibited  a  landscape  of 
houses,  trees,  and  other  objects.  ABC  D, 
which  are  opposite  to  the  window.  The  rays 
which  flow  from  the  different  objects  which 
compose  this  landscape  to  the  lens  at  V,  and 
which  pass  through  it,  are  converged  to  their 
respective  foci  on  the  opposite  wall  of  the 
chamber,  H  G,  or  on  a  white  movable  screen 
placed  in  the  focus  of  the  lens,  where  they 
all  combine  to  paint  a  lively  and  beautiful  pic- 
ture of  the  range  of  objects  directly  opposite, 
and  on  each  side,  so  far  as  the  lens  can  take  in. 

Though  I  have  said  that  a  scioptric  ball 
and  socket  are  expedient  to  be  used  in  the 
above  experiment,  yet,  where  such  an  instru- 
ment is  not  at  hand,  the  lens  may  be  placed 
in  a  short  tube,  made  of  pasteboard  or  any 
other  material,  and  fixed  in  the  hole  made  in 
the  window-shutter.  The  only  imperfection 
attending  this  method  is,  that  the  lens  can 
exhibit  those  objects  only  which  lie  directly 
opposite  the  window. 

Some  may  be  disposed  to  consider  it  as  an 
imperfection  in  this  picture,  that  all  these  ob- 
jects appear  in  an  inverted  position  ;  as  they 
must  necessarily  do,  according  to  what  we 
formerly  stated  respecting  the  properties  of 
convex  lenses  (p.  33.)  There  are,  however, 
different  modes  of  viewing  the  picture  as  if 
it  were  erect ;  for  if  we  stand  before  the  pic- 
ture, and  hold  a  common  mirror  against  our 
breast  at  an  acute  angle  with  the  picture,  and 
look  down  upon  it,  we  shall  see  all  the  images 
of  the  objects  as  if  restored  to  their  erect  po- 
sition ;  and  by  the  reflection  of  the  mirror, 
the  picture  will  receive  such  a  lustre  as  will 
make  it  still  more  delightful.  Or,  if  a  large 
concave  mirror  were  placed  before  the  picture 
at  such  a  distance  that  its  image  may  appear 
before  the  mirror,  it  will  then  appear  erect 
and  pendulous  in  the  air  in  the  front  of  the 
mirror.  Or,  if  the  image  be  received  on  a 
frame  of  paper,  we  may  stand  behind  the 
frame,  with  our  face  towards  the  window,  and 
look  down  upon  the  objects,  when  they  will 
appear  as  if  erect. 

The  experiment  of  the  camera  obscura  may 
serve  to  explain  and  illustrate  the  nature  of  a 
common  refracting  telescope.  Let  us  sup- 
pose that  the  lens  in  the  window-shutter  re- 
presents the  object-glass  of  a  refracting  tele- 
scope. This  glass  forms  an  image  in  its  focus, 
which  is  in  every  respect  an  exact  picture  or 
representation  of  the  objects  before  it ;  and 
consequently  the  same  idea  is  formed  in  the 
mind  of  the  nature,  form,  magnitude,  and 
colour  of  the  object,  whether  the  eye  at  the 
centre  of  the  glass  views  the  object  itself,  or 
the  image  formed  in  its  focus ;  for,  as  formerly 


stated,  the  object  and  its  image  are  both  seen 
under  the  same  angles  by  the  eye  placed  at 
the  centre  of  the  lens.  Without  such  an 
image  as  is  formed  in  the  camera  obscura — 
depicted  either  in  the  tute  of  a  telescope  or 
in  the  eye  itself — no  telescope  could  possibly 
be  formed.  If  we  now  suppose  that,  behind 
the  image  formed  in  the  dark  chamber,  we 
apply  a  convex  lens  of  a  short  focal  distance 
to  view  that  image,  then  the  image  will  be 
seen  distinctly,  in  the  same  manner  as  we  view 
common  objects,  such  as  a  leaf  or  a  flower^ 
with  a  magnifying  glass ;  consequently,  the 
object  itself  will  be  seen  distinct  and  mag- 
nified ;  and  as  the  same  image  is  nearer  to 
one  lens  than  the  other,  it  will  subtend  a 
larger  angle  at  the  nearest  lens,  and,  of  course, 
will  appear  larger  than  through  the  other,  and 
consequently  the  object  will  be  seen  magnified 
in  proportion.  For  example,  let  us  suppose 
the  lens  in  the  camera  obscura,  or  the  object- 
lens  of  a  telescope,  to  be  five  feet,  or  sixty 
inches  focal  distance :  at  this  distance  from 
the  glass  an  image  of  the  distant  objects  op- 
posite to  it  will  be  formed.  If,  now,  we  place 
a  small  lens  two  inches  focal  distance  beyond 
this  point,  or  five  feet  two  inches  from  the  ob- 
ject-glass, the  objects,  when  viewed  through 
the  small  lens,  will  appear  considerably  mag- 
nified, and  apparently  much  nearer  than  to 
the  naked  eye.  The  degree  of  magnifying 
power  is  in  proportion  to  the  focal  distances 
of  the  two  glasses ;  that  is,  in  the  present 
case,  in  the  proportion  of  two  inches,  the 
focus  of  the  small  lens,  to  sixty  inches,  the 
focus  of  the  object  lens.  Divide  sixty  by 
two,  the  quotient  is  thirty,  which  gives  the 
magnifying  power  of  such  a  telescope ;  that 
is,  it  represents  objects  thirty  times  nearer,  or 
under  an  angle  thirty  times  larger  than  to  the 
naked  eye.  If  the  eyeglass,  instead  of  being 
two  inches,  were  only  one  and  a  half  inch 
focus,  the  magnifying  power  would  be  in  the 
proportion  of  one  and  a  half  to  sixty,  or  forty 
times.  If  the  eyeglass  were  three  inches 
focus,  the  magnifying  power  would  be  twenty- 
times  ;  and  so  on  with  regard  to  other  pro- 
portions. In  all  cases,  where  a  telescope  is 
composed  of  only  two  convex  lenses,  the  mag- 
nifying power  is  determined  by  dividing  the 
focal  distance  of  the  object-glass  by  the  focal 
distance  of  the  eyeglass,  and  the  quotient  ex- 
presses the  number  of  times  the  object  is 
magnified  in  length  and  breadth.  This  and 
various  other  particulars  will  be  more  fully 
illustrated  in  the  sequel. 

In  performing  experiments  with  the  camera 
obscura  in  a  darkened  chamber,  it  is  requisite 
that  the  following  particulars  be  attended  to : 
1.  That  the  lens  be  well  figured,  and  free 
from  any  veins  or  blemishes  that  might  dis- 
tort the  picture.  2.  That  it  be  placed  directly 
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against  the  object  whose  image  we  wish  to 
see  distinctly  delineated.  3.  The  lens  should 
be  of  a  proper  size,  both  as  to  its  breadth  and 
focal  distance.  It  should  not  be  less  than 
three  or  four  feet  focal  distance,  otherwise  the 
picture  will  be  too  small,  and  the  parts  of  ob- 
jects too  minute  to  be  distinctly  perceived; 
nor  should  it  exceed  fifteen  or  eighteen  feet, 
as  in  this  case  the  picture  will  be  faint,  and 
of  course  not  so  pleasing.  The  best  medium 
as  to  focal  distance  is  from  five  to  eight  or  ten 
feet  The  aperture,  too,  or  breadth  of  the 
glass,  should  not  be  too  small,  otherwise  the 
image  will  be  obscure,  and  the  minute  parts 
invisible  for  want  of  a  sufficient  quantity  of 
light  A  lens  of  six  feet  focal  distance,  for 
example,  will  require  an  aperture  of  at  least 
two  inches.  Lenses  of  a  shorter  focal  dis- 
tance require  less  apertures,  and  those  of  a 
longer  focal  distance  larger.  But  if  the  aper- 
ture be  too  large,  the  image  will  be  confused 
and  indistinct,  by  the  admission  of  too  much 
light.  4.  We  should  never  attempt  to  exhi- 
bit the  images  of  objects,  unless  when  the  sun 
is  shining  and  strongly  illuminating  the  ob- 
jects, except  in  the  case  of  very  near  objects 
placed  in  a  good  light  As  one  of  the  greatest 
beauties  in  the  phenomena  of  the  dark  cham- 
ber consists  in  the  exquisite  appearance  and 
contrast  of  light  and  shadows,  nothing  of  this 
kind  can  be  perceived  but  from  objects  directly 
illuminated  by  the  sun.  5.  A  south  window 
should  never  be  used  in  the  forenoon,  as  the 
sun  cannot  then  enlighten  the  north  side  of 
an  object ;  and,  besides,  his  rays  would  be  apt 
to  shine  upon  the  lens,  which  would  make 
the  picture  appear  with  a  confused  lustre. 
An  east  window  is  best  in  the  afternoon,  and 
a  western  in  the  morning ;  but  a  north  win- 
dow is  in  most  cases  to  be  preferred,  espe- 
cially in  the  forenoon,  when  the  sun  is  shining 
with  his  greatest  strength  and  splendour.  In 
general,  that  window  ought  to  be  used  which 
looks  to  the  quarter  opposite  to  that  in  which 
the  sun  is  shining. 

The  picture  should  be  received  upon  a  very 
white  surface,  as  the  finest  and  whitest  paper, 
or  a  painted  cloth,  bordered  with  black ;  as 
white  bodies  reflect  most  copiously  the  incum- 
bent rays,  while  black  surfaces  absorb  them. 
If  the  screen  could  be  bent  into  the  concave 
segment  of  a  sphere,  of  which  the  focal  dis- 
tance of  the  double  convex  lens  which  is  used 
is  the  radius,  the  parts  of  the  picture  adjacent 
to  the  extremities  would  appear  most  distinct 
Sir  D.  Brewster  informs  us  that,  having  tried 
a  number  of  white  substances  of  different  de- 
grees of  smoothness,  and  several  metallic  sur- 
faces on  which  to  receive  the  image,  he  hap- 
pened to  receive  the  picture  on  the  silvered 
back  of  a  looking-glass,  and  was  surprised  at 
the  brilliancy  and  distinctness  with  which  ex- 
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ternal  objects  were  represented.  To  remove 
the  spherical  protuberances  of  the  tin  foil,  he 
ground  the  surface  very  carefully  with  a  bed 
of  hones  which  he  had  used  for  working  the 
plane  specula  of  Newtonian  telescopes.  By 
this  operation,  which  may  be  performed  with- 
out injuring  the  other  side  of  the  mirror,  he 
obtained  a  surface  finely  adapted  for  the  recep- 
tion of  images.  The  minute  parts  of  the 
landscape  were  formed  with  so  much  preci- 
sion, and  the  brilliancy  of  colouring  was  so 
uncommonly  fine,  as  to  equal,  if  not  exceed, 
the  images  that  are  formed  in  the  air  by  means 
of  concave  specula. 

The  following  additional  circumstances  may 
be  stated  respecting  the  phenomena  exhibited 
in  the  dark  chamber :  A  more  critical  idea 
may  be  formed  of  any  movement  in  the  pic- 
ture here  presented  than  from  observing  the 
motion  of  the  object  itself.  For  instance,  a 
man  walking  in  a  picture  appears  to  have  an 
undulating  motion,  or  to  rise  up  and  down 
every  step  he  takes,  and  the  hands  seem  to 
move  almost  exactly  like  a  pendulum;  whereas 
scarcely  any  thing  of  this  kind  is  observed  in 
the  man  himself,  as  viewed  by  the  naked  eye. 
Again,  if  an  object  be  placed  just  twice  the 
focal  distance  from  the  lens  without  the  room, 
the  image  will  be  formed  at  the  same  distance 
from  the  lens  within  the  room,  and,  conse- 
quently, will  be  equal  in  magnitude  to  the  ob- 
ject itself.  The  recognition  of  this  principle 
may  be  of  use  to  those  concerned  in  drawing, 
and  who  may  wish  at  any  time  to  form  a  pic- 
ture of  the  exact  size  of  the  object.  If  the 
object  be  placed  further  from  the  lens  than 
twice  its  focal  length,  the  image  will  be  less 
than  the  object.  If  it  be  placed  nearer,  the 
image  will  be  greater  than  the  life.  In  regard 
to  immovable  objects,  such  as  houses,  gar- 
dens, trees,  &c.,  we  may  form  the  images  of 
so  many  different  sizes  by  means  of  different 
lenses,  the  shorter  focus  making  the  lesser 
picture,  and  the  longer  focal  distance  the 
largest. 

The  experiments  with  the  camera  obscura 
may  likewise  serve  to  illustrate  the  nature  of 
vision  and  the  functions  of  the  human  eye. 
The  frame  or  socket  of  the  scioptric  ball  may 
represent  the  orbit  of  the  natural  eye.  The 
ball,  which  turns  every  way,  resembles  the 
globe  of  the  eye,  movable  in  its  orbit.  The 
hole  in  the  ball  may  represent  the  pupil  of 
the  eye ;  the  convex  lens  corresponds  to  the 
crystalline  humour,  which  is  shaped  like  a 
lens,  and  contributes  to  form  the  images  of 
objects  on  the  inner  part  of  the  eye.  The 
dark  chamber  itself  is  somewhat  similar  to 
the  internal  part  of  the  eye,  which  is  lined 
all  around,  and  under  the  retina,  with  a  mem- 
brane, over  which  is  spread  a  mucus  of  a  very 
black  colour.  The  white  wall  or  frame  of"1 
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white  paper  to  receive  the  picture  of  objects 
is  a  fair  representation  of  the  retina  of 
the  eye,  on  which  all  the  images  of  external 
objects  are  depicted.  Such  are  some  of 
the  general  points  of  resemblance  between 
the  apparatus  connected  with  the  dark  cham- 
ber and  the  organ  of  vision ;  but  the  human 
eye  is  an  organ  of  such  exquisite  construction, 
and  composed  of  such  a  number  and  variety 
of  delicate  parts,  that  it  cannot  be  adequately 
represented  by  any  artificial  contrivance. 

The  darkened  chamber  is  frequently  ex- 
hibited in  a  manner  somewhat  different  from 
what  we  have  above  described,  as  in  the 
following  scheme  (fig.  38,)  which  is  termed 


the  revolving  r.amera  obscura.  In  this  con- 
struction, K  H  represents  a  plane  mirror  or 
metallic  reflector,  placed  at  half  a  right  angle 
to  the  convex  lens  H  7,  by  which  rays  pro- 
ceeding from  objects  situated  in  the  direction 
0  are  reflected  to  the  lens,  which  forms  an 
image  of  the  objects  on  a  round  white  table 
at  T,  around  which  several  spectators  may 
stand  and  view  the  picture  as  delineated  on  a 
horizontal  plane.  The  reflector,  along  with 
its  case,  is  capable  of  being  turned  round  by 
means  of  a  simple  apparatus  connected  with 
it,  so  as  to  take  in,  in  succession,  all  the  ob- 
jects which  compose  the  surrounding  scene. 
But  as  the  image  here  is  received  on  a  flat 
surface,  the  rays,  f  m,  e  n,  will  have  to  di- 
verge further  than  the  central  rays,  d  c  ;  and 
hence  the  representation  of  the  object  near 
the  sides  will  be  somewhat  distorted;  to 
remedy  which,  the  image  should  be  received 
on  a  concave  surface,  as  a  b  or  P  S.  This  is 
the  general  plan  of  those  camera  obscuras, 
fitted  up  in  large  wooden  tents,  which  are 
frequently  exhibited  in  our  large  cities,  and 
removed  occasionally  from  one  town  to  an- 
other. Were  an  instrument  of  this  kind 
fitted  up  on  a  small  -scale,  a  hole  might  be 


made  in  one  of  the  sides,  as  at  E,  Where  the 
eye  could  be  applied  to  view  the  picture. 
The  focal  distances  of  the  lenses  used  in 
large  instruments  of  this  kind  are  generally 
from  eight  to  twelve  feet,  in  which  case  they 
produce  a  telescopic  effect  upon  distant  ob- 
jects, so  as  to  make  them  appear  nearer  than 
when  viewed  with  the  naked  eye. 

The  camera  obscura  is  frequently  con- 
structed in  a  portable  farm,  so  as  to  be  car- 
ried about  for  the  purpose  of  delineating 
landscapes.  The  following  is  a  brief  de- 
scription of  the  instrument  in  this  form ;  A  C 

Fig.  39. 


is  a  convex  lens,  placed  near  the  end  of  a 
tube  or  drawer,  which  is  movable  in  the  side 
of  a  square  box,  within  which  is  a  plane 
mirror,  D  E,  reclining  backward  in  an  angle 
of  forty-five  degrees  from  the  perpendicular, 
p  n.  The  pencils  of  rays  flowing  from  the 
object  O  B,  and  passing  through  the  convex 
lens,  instead  of  proceeding  forward  and  form- 
ing the  image  H  I,  are  reflected  upward  by 
the  mirror,  and  meet  in  points,  as  F  G,  at  the 
same  distance  at  which  they  would  have  met 
at  H  and  /,  if  they  had  not  been  intercepted 
by  the  mirror.  At  F  G,  the  image  of  the  ob- 
ject 0  B,  is  received  either  on  a  piece  of 
oiled  paper,  or  more  frequently  on  a  plane 
unpolished  glass,  placed  in  the  horizontal 
situation  F  Gt  which  receives  the  images  of 
all  objects  opposite  to  the  lens,  and  on  which, 
or  on  an  oiled  paper  placed  upon  it,  their 
outlines  may  be  traced  by  a  pencil.  The 
movable  tube  on  which  the  lens  is  fixed 
serves  to  adjust  the  focus  for  near  and  distant 
objects,  till  their  images  appear  distinctly 
painted  on  the  horizontal  glass  at  F  G.  The 
following  is  the  most  common  form  of  the 
box  of  this  kind  of  camera  obscura.  A  is  the 
position  of  the  lens,  B  C  the  position  of  the 
mirror,  D  the  plane  unpolished  glass  on  which 
the  images  are  depicted,  G  H  a  movable  top 
or  screen  to  prevent  the  light  from  injuring 
the  picture,  and  E  F  the  movable  tube. 

The  Daguerreotype. — An  important  and 
somewhat  surprising  discovery  has  lately  been 
made  in  relation  to  the  picture  formed  by  the 
camera  obscura.  It  is  found  that  the  images 
formed  by  this  instrument  are  capable  of  be- 
ing indelibly  fixed  on  certain  surfaces  pre- 
viously prepared  for  the  purpose,  so  that  the 
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picture    is   rendered   permanent.      When  a 
camera  is  presented  to  any  object  or  landscape 

Fig.  40. 


strongly  illuminated  by  the  sun,  and  the  pre- 
pared ground  for  receiving  the  image  is  ad- 
justed, and  a  certain  time  allowed  to  elapse 
till  the  rays  of  light  produce  their  due  effect, 
in  a  few  minutes,  or  even  seconds,  a  picture 
of  the  objects  opposite  to  the  lens  is  indelibly 
impressed  upon  the  prepared  plate,  in  all  the 
accurate  proportions  and  perspective  which 
distinguish  the  images  formed  in  a  dark 
chamber,  which  representations  may  be  hung 
up  in  apartments,  along  with  other  paintings 
and  engravings,  and  will  likely  retain  their 
beauty  and  lustre  for  many  years.  These 
are  pictures  of  nature's  own  workmanship, 
finished  in  an  extremely  short  space  of  time, 
and  with  the  most  exquisite  delicacy  and  ac- 
curacy. The  effect  is  evidently  owing  to  cer- 
tain chemical  properties  in  the  rays  of  light, 
and  opens  a  new  field  for  experiment  and  in- 
vestigation to  the  philosopher.  The  only 
defect  in  the  picture  is,  that  it  is  not  coloured  ; 
but,  in  the  progress  of  experiments,  on  this 
subject,  it  is  not  unlikely  that  even  this  ob- 
ject may  be  accomplished,  in  which  case  we 
should  be  able  to  obtain  the  most  accurate 
landscapes  and  representations  of  all  objects 
which  can  possibly  be  formed.  This  art  or 
discovery  goes  by  the  name  of  the  Daguerreo- 
type, from  M.  Daguerre,  a  Frenchman,  who 
is  supposed  to  have  been  the  first  discoverer, 
and  who  received  a  large  premium  from  the 
French  government  for  disclosing  the  process, 
and  making  the  discovery  public.  Several 
improvements  and  modifications,  in  reference 
to  the  preparation  of  the  plates,  have  been 
made  since  the  discovery  was  first  announced, 
about  the  beginning  of  1839;  and  the  pictures 
formed  on  this  principle  are  frequently  dis- 
tinguished by  the  name  of  Photogenic  draw- 
ings, and  are  now  exhibited  at  most  of  our 
public  scientific  institutions. 

This  new  science  or  art  has  been  distin- 
guished by  different  names.  It  was  first  called 
Photography,  from  two  Greek  words,  signify- 
ing writing  by  light :  it  was  afterward  called 
the  art  of  Photogenic  Drawing,  or  drawing 
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produced  by  light.  M.  Daguerre  gave  it  the 
name  of  Heliography,  or  writing  by  the  sun  ,- 
all  which  appellatives  are  derived  from  the 
Greek,  and  are  expressive,  in  some  degree,  of 
the  nature  of  the  process.  We  shall,  how- 
ever, make  use  of  the  term  Daguerreotype, 
derived  from  the  name  of  the  inventor. 

As  it  does  not  fall  within  our  plan  to  give 
any  minute  descriptions  of  the  Daguerreotype 
process,  we  shall  just  give  a  few  general  hints 
in  reference  to  it,  referring  those  who  wish  for 
particular  details  to  the  separate  treatises  which 
have  been  published  respecting  it.  The  first 
thing  necessary  to  be  attended  to  in  this  art 
is  the  preparation  of  the  plate  on  which  the 
drawing  is  to  be  made.  The  plate  consists 
of  a  thin  leaf  of  copper,  plated  with  silver, 
both  metals  together  not  being  thicker  than  a 
card.  The  object  of  the  copper  is  simply  to 
support  the  silver,  which  must  be  the  purest 
that  can  be  procured.  But,  though  the  copper 
should  be  no  thicker  than  to  serve  the  purpose 
of  support,  it  is  necessary  that  it  should  be 
so  thick  as  to  prevent  the  plate  from  being 
warped,  which  would  produce  a  distortion  of 
the  images  traced  upon  it.  This  plate  must 
be  polished ;  and  for  this  purpose  the  follow- 
ing articles  are  required ;  a  vial  of  olive  oil ; 
some  very  fine  cotton ;  pumice-powder  ground, 
till  it  is  almost  impalpable,  and  tied  up  in  a 
piece  of  fine  muslin,  thin  enough  to  let  the 
powder  pass  through  without  touching  the 
plate  when  the  bag  is  shaken ;  a  little  nitric 
acid,  diluted  with  sixteen  times,  by  measure, 
its  own  quantity  of  water  ;  a  frame  of  wire  on 
which  to  place  the  plate  when  being  heated  ; 
a  spirit  lamp  to  make  the  plate  hot ;  a  small 
box,  with  inclined  sides  within,  and  having  a 
lid  to  shut  it  up  close ;  and  a  square  board 
large  enough  to  hold  the  drawing,  and  having 
catches  at  the  side  to  keep  it  steady. 

To  the  above  prerequisites,  a  good  camera 
obscura  is,  of  course,  essentially  necessary. 
This  instrument  should  be  large  enough  to 
admit  the  plate  of  the  largest  drawing  in- 
tended to  be  taken.  The  lens  which  forms 
the  image  of  the  object  should,  if  possible,  be 
achromatic ,  and  of  a  considerable,  diameter. 
In  an  excellent  instrument  of  this  description 
now  before  me,  the  lens  is  an  achromatic 
about  three  inches  diameter,  but  capable  of 
being  contracted  to  a  smaller  aperture.  Its 
focal  distance  is  about  1 7  inches ;  and  the 
box,  exclusive  of  the  tube  which  contains  the 
lens,  is  15  inches  long,  13£  inches  broad,  and 
1 1  inches  deep.  It  forms  a  beautiful  and  well- 
defined  picture  of  every  well  enlightened  ob- 
ject to  which  it  is  directed. 

Before  the  plate  is  placed  in  the  camera, 
there  are  certain  operations  to  be  performed. 
1.  The  surface  of  the  plate  should  be  made 
perfectly  smooth,  or  highly  polished.  For 
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this  purpose  it  must  be  laid  flat,  with  the 
silver  side  upward,  upon  several  folds  of  paper 
for  a  bedding ;  arid  having  been  well  polished 
in  the  usual  way,  the  surface  must  be  pow- 
dered equally  and  carefully  with  fine  pumice 
inclosed  in  the  muslin  bag.  Then  taking  a 
little  cotton  wool,  dipped  in  olive  oil,  it  must 
be  rubbed  over  the  plate  with  rounding  strokes, 
and  then  crossing  them  by  others  which  com- 
mence at  right  angles  with  the  first.  This 
process  must  be  repeated  frequently,  changing 
the  cotton,  and  renewing  the  pumice-powder 
every  time.  A  small  portion  of  cotton  must 
now  be  moistened  with  the  diluted  nitric  acid, 
and  applied  equally  to  the  whole  surface. 
The  next  thing  to  be  done  is  to  make  the 
plate  thoroughly  and  equally  hot,  by  holding 
the  plate  with  a  pair  of  pincers  by  the  corner 
over  a  charcoal  fire,  and  when  the  plate  is 
sufficiently  hot,  a  white  coating  will  be  ob- 
served on  the  silver,  which  indicates  that  that 
part  of  the  operation  is  finished.  An  even 
cold  surface  is  next  wanted,  such  as  a  metallic 
plate  cooled  almost  to  the  freezing  point  by 
muriate  of  soda,  and  to  this  the  heated  plate 
must  be  suddenly  transferred. 

2.  The  next  operation  is  to  give  the  plate  a 
coating  of  iodine.     This  is  accomplished  by 
fixing  the  plate  upon  a  board,  arid  then  put- 
ting it  into  a  box  containing  a  little  dish  with 
iodine  divided  into  small  pieces,  with  its  face 
downward,  and  supported  with  small  brackets 
at  the  corners.   In  this  position  the  plate  must 
remain    till   it   assume   a  full  gold  colour, 
through  the  condensation  of  the  iodine  on  its 
surface,  which  process  should  be  conducted 
in  a  darkened  apartment.    The  requisite  time 
for  the  Condensation  of  the  iodine  varies  from 
five  minutes  to  half  an  hour.   When  this  pro- 
cess is  satisfactorily  accomplished,  the  plate 
should  be  immediately  fixed  in  a  frame  with 
catches  and  bands,  and  placed  in  the  camera ; 
and  the  transference  from  one  receptacle  to 
another  should  be  made  as  quickly  as  possi- 
ble, and  with  only  so  much  light  as  will  enable 
the  operator  to  see  what  he  is  doing. 

3.  The   next   operation   is  to  obtain  the 
drawing.     Having  placed  the  camera  in  front 
of  the  scene  to  be  represented,  and  the  lens 
being  adjusted  to  the  proper  focus,  the  ground 
glass  of  the  camera  is  withdrawn,  and  the  pre- 
pared plate  is  substituted  for  it,  and  the  whole 
is  left  till  the  natural  images  are  drawn  by 
the  natural  light  from  the  object.     The  time 
necessary  to  leave  the  plate  for  a  complete 
delineation  of  the  objects  depends  upon  the 
intensity  of  the  light.     Objects  in  the  shade 
will  require  more  time  for  their  delineation 
than  those  in  the  broad  light.    The  full,  clear 
light  of  the  south  of  Europe,  Spain,  Italy,  and 
particularly  the  more   glowing  brilliancy  of 
tropical  countries,  will  effect  the  object  much 
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more  speedily  than  the  duller  luminosity  of  a 
northern  clime.  Some  hours  of  the  day  are 
likewise  more  favourable  than  others.  Da- 
guerre  states  that  "  the  most  favourable  is 
from  7  A.M.  to  3  o'clock  P.M.,  and  that  a 
drawing  could  be  effected  in  Paris  in  three  or 
four  minutes  in  June  and  July,  which  would 
require  five  or  six  in  May  and  August,  and 
seven  or  eight  in  April  and  September."  In 
the  progress  of  this  art,  at  the  present  time, 
portraits  and  other  objects  are  frequently  de- 
lineated in  the  course  of  a  few  seconds. 

4.  Immediately  after   removing  the  plate 
from  the  camera,  it  is  next  placed  over  the 
vapour  of  mercury,  which  is  placed  in  a  cup 
at  the  bottom  of  a  box,  and  a  spirit  lamp 
applied  to  its  bottom  till  the  temperature  rise 
to  140°  of  Fahrenheit.     This  process  is  in- 
tended to  bring  out  the  image,  which  is  not 
visible  when  withdrawn    from   the   camera; 
but  in  the  course  of  a  few  minutes  a  faint 
tracery  will  begin  to  appear,  and  in  a  very 
short  time  the  figure  will  be  clearly  developed. 

5.  The  next  operation  is  to  fix  the  impres- 
sion.    In  order  to  this,  the  coating  on  which 
the  design  was  impressed  must  be  removed, 
to  preserve  it  from  being  decomposed  by  the 
rays  of  light.     For  this  purpose,  the  plate  is 
placed  in  a  trough  containing  common  water, 
plunging  and  withdrawing  it  immediately,  and 
then  plunging  it  into  a  solution  of  salt  and 
water  till  the  yellow  coating  has  disappeared. 

Such  is  a  very  brief  sketch  of  the  photoge- 
nic processes  of  Daguerre.  Other  substances, 
however,  more  easily  prepared,  have  been  re- 
commended by  Mr.  Talbot,  F.R.S.,  who  ap- 
pears, about  the  same  time,  to  have  invented 
a  process  somewhat  similar  to  that  of  Daguerre. 
The  following  are  his  directions  for  the  prepa- 
ration of  photogenic  paper : 

The  paper  is  to  be  dipped  into  a  solution 
of  salt  in  water,  in  the  proportion  of  half  an 
ounce  of  salt  to  half  a  pint  of  water.  Let  the 
superfluous  moisture  drain  off,  and  then  lay- 
ing the  paper  upon  a  clean  cloth,  dab  it  gently 
with  a  napkin,  so  as  to  prevent  the  salt  collect- 
ing in  one  spot  more  than  in  another.  The 
paper  is  then  to  be  pinned  down,  by  two  of  its 
corners  on  a  drawing-board  by  means  of  com- 
mon pins,  and  one  side  washed  or  wetted  with 
the  photogenic  fluid,  using  the  brush  prepared 
for  that  purpose,  and  taking  care  to  distribute 
it  equally.  Next,  dry  the  paper  as  rapidly  as 
you  can  at  the  fire,  and  it  will  be  fit  for  use  for 
most  purposes.  If,  when  the  paper  is  exposed 
to  the  sun's  rays,  it  should  assume  an  irregular 
tint,  a  very  thin  extra  wash  of  the  fluid  will 
render  the  colour  uniform,  and,  at  the  same 
time,  somewhat  darker.  Should  it  be  re- 
quired to  make  a  more  sensitive  description 
of  paper,  after  the  first  application  of  the  fluid 
the  solution  of  salt  should  be  applied,  and  the 
3  X  (793) 
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paper  dried  at  the  fire.  Apply  a  second  wash 
of  the  fluid,  and  dry  it  at  the  fire  again :  em- 
ploy the  salt  a  third  time,  dry  it,  and  one 
application  more  of  the  fluid  will,  when  dried, 
have  made  the  paper  extremely  sensitive. 
When  slips  of  such  papers,  differently  pre- 
pared, are  exposed  to  the  action  of  daylight, 
those  which  are  soonest  affected  by  the  light, 
by  becoming  dark,  are  the  best  prepared. 

When  photogenic  drawings  are  finished  in 
a  perfect  way,  the  designs  then  taken  on  the 
plate  or  paper  are  exceedingly  beautiful  and 
correct,  and  will  bear  to  be  inspected  with  a 
considerable  magnifying  power,  so  that  the 
most  minute  portions  of  the  objects  delineated 
may  be  distinctly  perceived.  We  have  seen 
portraits  finished  in  this  way  by  a  London 
artist  with  an  accuracy  which  the  best  minia- 
ture painter  could  never  attempt,  every  fea- 
ture being  so  distinct  as  to  bear  being  viewed 
with  a  deep  magnifier.  And  in  landscapes 
and  buildings,  such  is  the  delicacy  and  accu- 
racy of  such  representations,  that  the  marks 
of  the  chisel  and  the  crevices  in  the  stones 
may  frequently  be  seen  by  applying  a  magni- 
fying lens  to  the  picture;  so  that  we  may 
justly  exclaim,  in  the  words  of  the  poet, 
"  Who  can  paint  like  Nature  !"  That  LIGHT 
— which  is  the  first-born  of  Deity,  which  per- 
vades all  space,  and  illuminates  all  worlds — 
in  the  twinkling  of  an  eye,  and  with  an  ac- 
curacy which  no  art  can  imitate,  depicts  every 
object  in  its  exact  form  and  proportions,  su- 
perior to  every  thing  that  human  genius  can 
produce. 

The  photogenic  art,  in  its  progress,  will 
doubtless  be  productive  of  many  highly  inter- 
esting and  beneficial  effects.  It  affords  us  the 
power  of  representing,  by  an  accurate  and 
rapid  process,  all  the  grand  and  beautiful  ob- 
jects connected  with  our  globe,  the  landscapes 
peculiar  to  every  country,  the  lofty  ranges  of 
mountains  which  distinguish  Alpine  regions, 
the  noble  edifices  which  art  has  reared,  the 
monumental  remains  of  antiquity,  and  every 
other  object  which  it  would  be  interesting  for 
human  beings  to  contemplate ;  so  that,  in  the 
course  of  time,  the  general  scenery  of  our 
world,  in  its  prominent  parts,  might  be  ex- 
hibited to  almost  every  eye.  The  commission 
of  the  French  Chambers,  when  referring  to 
this  art,  has  the  following  remark :  "  To  copy 
the  millions  upon  millions  of  hieroglyphics 
which  cover  even  the  exterior  of  the  great 
monuments  of  Thebes  and  Memphis,  of  Car- 
nac,  &c.,  would  require  scores  of  years  and 
legions  of  designers.  By  the  assistance  of 
the  Daguerreotype,  a  single  man  could  finish 
that  immense  work."  This  instrument  lays 
down  objects  which  the  visual  organs  of  man 
would  overlook,  or  might  be  unable  to  per- 
ceive, with  the  same  minuteness  and  nicety 
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that  it  delineates  the  most  prominent  features 
of  a  landscape.  The  time-stained  excres« 
cences  on  a  tree,  the  blades  of  grass,  the  leaf 
of  a  rose,  the  neglected  weed,  the  moss  on 
the  summit  of  a  lofty  tower,  and  similar  ob- 
jects, are  traced  with  the  same  accuracy  as 
the  larger  objects  in  the  surrounding  scene. 

It  is  not  improbable,  likewise,  that  this  art 
(still  in  its  infancy,)  when  it  approximates  to 
perfection,  may  enable  us  to  take  representa- 
tions of  the  sublime  objects  in  the  heavens. 
The  sun  affords  sufficient  light  for  this  pur- 
pose; and  there  appears  no  insurmountable 
obstacle  in  taking,  in  this  way,  a  highly-mag- 
nified picture  of  that  luminary,  which  shall  be 
capable  of  being  again  magnified  by  a  power- 
ful microscope.  It  is  by  no  means  improba- 
ble, from  experiments  that  have  hitherto  been 
made,  that  we  may  obtain  an  accurate  deline- 
ation of  the  lunar  world  from  the  moon  her- 
self. The  plated  disks  prepared  by  Daguerre 
receive  impressions  from  the  action  of  the  lu- 
nar rays  to  such  an  extent  as  permits  the 
hope  that  photographic  charts  of  the  moon 
may  soon  be  obtained ;  and,  if  so,  they  will 
excel  in  accuracy  all  the  delineations  of  this 
orb  that  have  hitherto  been  obtained ;  and  if 
they  should  bear  a  microscopic  power,  objects 
may  be  perceived  on  the  lunar  surface  which 
have  hitherto  been  invisible.  Nor  is  it  im- 
possible that  the  planets  Venus,  Mars,  Jupi- 
ter, and  Saturn  may  be  delineated  in  this  way, 
and  objects  discovered  which  cannot  be  de- 
scried by  means  of  the  telescope.  It  might, 
perhaps,  be  considered  as  beyond  the  bounds 
of  probability  to  expect  that  even  distant  ne- 
bulse  might  thus  be  fixed,  and  a  delineation 
of  their  objects  produced  which  shall  be  ca- 
pable of  being  magnified  by  microscopes ;  but 
we  ought  to  consider  that  the  art  is  yet  only 
in  its  infancy,  that  plates  of  a  more  delicate 
nature  than  those  hitherto  used  may  yet  be 
prepared,  and  that  other  properties  of  light 
may  yet  be  discovered  which  shall  facilitate 
such  designs.  For  we  ought  now  to  set  no 
boundaries  to  the  discoveries  of  science,  and 
to  the  practical  applications  of  scientific  dis- 
covery which  genius  and  art  may  accom- 
plish. 

In  short,  this  invention  leads  to  the  conclu- 
sion that  we  have  not  yet  discovered  all  the 
wonderful  properties  of  that  luminous  agent 
which  pervades  the  universe,  and  which  un- 
veils to  us  its  beauties  and  sublimities ;  and 
that  thousands  of  admirable  objects  and 
agencies  may  yet  be  disclosed  to  our  view 
through  the  medium  of  light,  as  philosophical 
investigators  advance  in  their  researches  and 
discoveries.  In  the  present  instance,  as  well 
as  in  many  others,  it  evidently  appears  that 
the  Creator  intends,  in  the  course  of  his  provi- 
dence, by  means  of  scientific  researches,  gra- 
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dually  to  open  to  the  view  of  the  inhabitants  goodness,  and  to  raise  our  souls  to  the  con- 

of  our  world  the  wonders,  the  beauties,  and  templation  and  the  love  of  Him  who  is  the 

the  sublimities  of  his  vast  creation ;  to  mani-  original  source  of  all  that  is  glorious  and  be- 

fest  his  infinite  wisdom  and  his  superabundant  neficent  in  the  scene  of  nature. 
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CHAPTER  III. 

On  the  Optical  Jingle,  and  the  Apparent  Magnitude  of  Objects. 

Ix  order  to  understand  the  principle  on  angle.  If  we  supposed,  (fig  41)  to  repre- 
which  telescopes  represent  distant  objects  as  sent  the  apparent  size  of  the  half  crown  at 
magnified,  it  may  be  expedient  to  explain 

what  is  meant  by  the  angle  of  vision,  and  the  Fig.  41. 

apparent  magnitudes  under  which  different 
objects  appear,  and  the  same  object,  when 
placed  at  different  distances. 

The  optical  angle  is  the  angle  contained 
under  two  right  lines  drawn  from  the  extreme 
points  of  an  object  to  the  eye.  Thus  A  E  B 
or  C  E  D  (fig.  40*)  is  the  optical  or  visual 

Fig.  40* 

nine  yards'  distance,  then  we  say  it  is  seen 
under  the  small  angle  FED.  B  will  repre- 
sent its  apparent  magnitude  at  4^  yards  dis- 
tant under  the  angle  H  E  G,  and  the  circle 
C,  its  apparent  magnitude  at  3  yards  distant, 
under  the  large  angle  K  E  I. 

This  may  be  otherwise  illustrated  by  the 
following  figure :  Let  A  B  (fig.  42)  be  an 

Fig.  42. 


angle,  or  the  angle  under  which  the  object  A 
B  or  C  D  appears  to  the  eye  at  E.  These 
two  objects,  being  at  different  distances,  are 
seen  under  the  same  angle,  although  C  D  is 
evidently  larger  than  A  B.  On  the  retina  of 
the  eye,  their  images  are  exactly  of  the  same 
size,  and  so  is  the  still  larger  object  F  G. 

The  apparent  magnitude  of  objects  de- 
notes their  magnitude  as  they  appear  to  us, 
in  contradistinction  from  their  real  or  true 
magnitude,  and  it  is  measured  by  the  visual 
angle ;  for,  whatever  objects,  are  seen  under 
the  same  or  equal  angles  appear  equal,  how- 
ever different  their  real  magnitudes.  If  a  half 
crown  or  half  dollar  be  placed  at  about  120 
yards  from  the  eye,  it  is  just  perceptible  as  a 
visible  point,  and  its  apparent  magnitude,  or 
the  angle  under  which  it  is  seen,  is  very  small. 
At  the  distance  of  thirty  or  forty  yards,  its 
bulk  appears  sensibly  increased,  and  we  per- 
ceive it  to  be  a  round  body ;  at  the  distance 
of  six  or  eight  yards  we  can  see  the  king  or 
queen's  head  engraved  upon  it;  and  at  the 
distance  of  eight  or  ten  inches  from  the  eye 
it  will  appear  so  large  that  it  will  seem  to 
cover  a  large  building  placed  within  the  dis- 
tance of  a  quarter  of  a  mile  ;  in  other  words, 
the  apparent  magnitude  of  the  half  crown, 
held  at  such  a  distance,  will  more  than  equal 
that  of  such  a  building  in  the  picture  on  the 
retina,  owing  to  the  increase  of  the  optical 


object  viewed  directly  by  the  eye  Q  R.  From 
each  extremity  A  and  B  draw  the  lines  A  N, 
B  M,  intersecting  each  other  in  the  crystalline 
humour  in  I:  then  is  A  IB  the  optical  angle 
which  is  the  measure  of  the  apparent  magni- 
tude or  length  of  the  object  A  B.  From  an 
inspection  of  this  figure,  it  will  evidently  ap- 
pear that  the  apparent  magnitudes  of  objects 
will  vary  according  to  their  distances.  Thus 
A  B,  C  D,  E  F,  the  real  magnitudes  of  which 
are  unequal,  may  be  situated  at  such  distances 
from  the  eye  as  to  have  their  apparent  mag- 
nitudes all  equal,  and  occupying  the  same 
space  on  the  retina,  M  N,  as  here  represented. 
In  like  manner,  objects  of  equal  magnitude, 
placed  at  unequal  distances,  will  appear  une- 
qual. The  objects  A  B  and  G  H,  which  are 
equal,  being  situated  at  different  distances  from 
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the  eye,  G  H  will  appear  under  the  large 
angle  T I  V,  or  as  large  as  an  object  T  V, 
situated  at  the  same  place  as  the  object  A  B, 
while  A  B  appears  under  the  smaller  angle 
A  I  B.  Therefore  the  object  G  His  appa- 
rently greater  than  the  object  A  B,  though  it 
is  only  equal  to  it.  Hence  it  appears  that  we 
have  no  certain  standard  of  the  true  magni- 
tude of  objects  by  our  visual  perception  ab- 
stractly considered,  but  only  of  the  proportions 
of  magnitude. 

In  reference  to  apparent  magnitudes,  we 
scarcely  ever  judge  any  object  to  be  so  great 
or  so  small  as  it  appears  to  be,  or  that  there  is 
so  great  a  disparity  in  the  visible  magnitude 
of  two  equal  bodies  at  different  distances  from 
the  eye.  Thus,  for  example,  suppose  two 
men,  each  six  feet  three  inches  high,  to  stand 
directly  before  us,  one  at  the  distance  of  a  pole, 
or  5£  yards,  and  the  other  at  the  distance  of 
100  poles,  or 550  yards:  we  should  observe  a 
considerable  difference  in  their  apparent  size, 
but  we  should  scarcely  suppose,  at  first  sight, 
that  the  one  nearest  the  eye  appeared  a  hun- 
dred times  greater  than  the  other,  or  that, 
while  the  nearest  one  appeared  six  feet  three 
inches  high,  the  remote  one  appeared  only 
about  three-fourths  of  an  inch.  Yet  such  is 
in  reality  the  case ;  and  not  only  so,  but  the 
visible  bulk  or  area  of  the  one  is  to  that  of  the 
other  as  the  square  of  these  numbers,  namely, 
as  10,000  to  1 ;  the  man  nearest  us  presenting 
to  the  eye  a  magnitude  or  surface  ten  thousand 
times  greater  than  that  of  the  other.  Again, 
suppose  two  chairs  standing  in  a  large  room, 
the  one  twenty-one  feet  distance  from  us,  and 
the  other  three  feet ;  the  one  nearest  us  will 
appear  seven  times  larger,  both  in  length  and 
breadth,  than  the  more  distant  one,  and,  conse- 
quently, its  visible  area  forty -nine  times  greater. 
If  I  hold  up  my  finger  at  nine  inches  distance 
from  my  eye,  it  seems  to  cover  a  large  town  a 
mile  and  a  half  in  extent,  situated  at  three 
miles  distance ;  consequently,  the  apparent 
magnitude  of  my  finger,  at  nine  inches  dis- 
tance from  the  organ  of  vision,  is  greater  than 
that  of  the  large  town  at  three  miles  distance, 
and  forms  a  larger  picture  on  the  retina  of  the 
eye.  When  I  stand  at  the  distance  of  a  foot 
from  my  window,  and  look  through  one  of  the 
panes  to  a  village  less  than  a  quarter  of  a  mile 
distant,  I  see,  through  that  pane,  nearly  the 
whole  extent  of  the  village,  comprehending 
two  or  three  hundred  houses ;  consequently, 
the  apparent  magnitude  of  the  pane  is  equal 
to  nearly  the  extent  of  the  village,  and  all  the 
buildings  it  contains  do  not  appear  larger  than 
the  pane  of  glass  in  the  window,  otherwise  the 
houses  and  other  objects  which  compose  the 
village  could  not  be  seen  through  that  single 
pane.  For,  if  we  suppose  a  line  drawn  from 
wie  end  of  the  village,  passing  through  the 
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one  side  of  the  pane,  and  another  line  drawn 
from  the  other  end,  and  passing  through  the 
other  side  of  the  pane  to  the  eye,  these  lines 
would  form  the  optical  angle  under  which  the 
pane  of  glass  and  the  village  appears.  If  the 
pane  of  glass  be  fourteen  inches  broad,  and 
the  length  of  the  village  2640  yards,  or  half  a 
mile,  this  last  lineal  extent  is  6788  times 
greater  than  the  other,  and  yet  they  have  the 
same  apparent  magnitude  in  the  case  sup- 
posed. 

Hence  we  may  learn  the  absurdity  and 
futility  of  attempting  to  describe  the  extent  jof 
spaces  in  the  heavens,  by  saying  that  a  cer- 
tain phenomenon  was  two  or  three  feet  or 
yards  distant  from  another,  or  that  the  tail  of 
a  comet  appeared  several  yards  in  length. 
Such  representations  can  convey  no  definite 
ideas  in  relation  to  such  magnitudes,  unless  it 
be  specified  at  what  distance  from  the  eye  the 
foot  or  yard  is  supposed  to  be  placed.  If  a  rod, 
a  yard  in  length,  be  held  at  nine  inches  from 
the  eye,  it  will  subtend  an  angle,  or  cover  a 
space  in  the  heavens,  equal  to  more  than  one- 
fourth  of  the  circumference  of  the  sky,  or 
about  one  hundred  degrees.  If  it  be  eighteen 
inches  from  the  eye,  it  will  cover  a  space 
equal  to  fifty  degrees  ;  if  at  three  feet  twenty- 
five  degrees,  and  so  on  in  proportion  to  the 
distance  from  the  eye ;  so  that  we  can  form  no 
correct  conceptions  of  apparent  spaces  or  dis- 
tances in  the  heavens,  when  we  are  merely 
told  that  two  stars,  for  example,  appear  to  be 
three  yards  distant  from  each  other.  The  only 
definite  measure  we  can  use  in  such  a  case  is 
that  of  degrees.  The  sun  and  moon  are  about 
half  a  degree  in  apparent  diameter,  and  the 
distance  between  the  extreme  stars  in  Orion's 
belt  three  degrees,  which  measures,  being  made 
familiar  to  the  eye,  may  be  applied  to  other 
spaces  of  the  heavens,  and  an  approximate 
idea  conveyed  of  the  relative  distances  of  ob- 
jects in  the  sky. 

From  what  has  been  stated  above,  it  is  evi- 
dent that  the  magnitude  of  objects  may  be 
considered  in  different  points  of  view.  The 
true  dimensions  of  an  object,  considered  in 
itself,  give  what  is  called  its  real  or  absolute 
magnitude,-  and  the  opening  of  the  visual 
angle  determines  the  apparent  magnitude. 
The  real  magnitude,  therefore,  is  a  constant 
quantity;  but  the  apparent  magnitude  varies 
continually  with  the  distance,  real  or  ima- 
ginary; and,  therefore,  if  we  always  judged  of 
the  dimensions  of  an  object  from  its  apparent 
magnitude,  every  thing  around  us  would,  in 
this  respect,  be  undergoing  very  sensible  va- 
riations, which  might  lead  us  into  strange  and 
serious  mistakes.  A  fly,  near  enough  to  the 
eye,  might  appear  under  an  angle  as  great  as 
an  elephant  at  the  distance  of  twenty  feet,  and 
the  one  be  mistaken  for  the  other.  A  giant 
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nght  feet  high,  seen  at  the  distance  of  twenty- 
four  feet,  would  not  appear  taller  than  a  child 
two  feet  in  height  at  the  distance  of  six  feet ; 
for  both  would  be  seen  nearly  under  the  same 
angle.  But  our  experience  generally  pre- 
vents us  from  being  deceived  by  such  illu- 
sions. By  the  help  of  touch,  and  by  making 
allowance  for  the  different  distances  at  which 
we  see  particular  objects,  we  learn  to  correct 
the  ideas  we  might  otherwise  form  from  at- 
tending to  the  optical  angle  alone,  especially 
in  the  case  of  objects  that  are  near  us.  By  the 
sense  of  touch  we  acquire  an  impression  of 
the  distance  of  an  object ;  this  impression  com- 
bines itself  with  that  of  the  apparent  magni- 
tude, so  that  the  impression  which  represents 
to  us  the  real  magnitude  is  the  product  of 
these  two  elements.  When  the  objects,  how- 
ever, are  at  a  great  distance,  it  is  more  diffi- 
cult to  form  a  correct  estimate  of  their  true 
magnitudes.  The  visual  angles  are  so  small 
that  they  prevent  comparison ;  and  the  esti- 
mated bulks  of  the  objects  depend,  in  a  great 
measure,  upon  the  apparent  magnitudes ;  and 
thus  an  object  situated  at  a  great  distance  ap- 
pears to  us  much  smaller  than  it  is  in  reality. 
We  also  estimate  objects  to  be  nearer  or  fur- 
ther distant  according  as  they  are  more  or  less 
clear,  and  our  perception  of  them  more  or 
less  distinct  and  well  defined  ;  and  likewise 
when  several  objects  intervene  between  us 
and  the  object  we  are  particularly  observing. 
We  make  a  sort  of  addition  of  all  the  esti- 


mated distances  of  intermediate  objects,  in 
order  to  form  a  total  distance  of  the  remote 
object,  which,  in  this  case,  appears  to  be  fur- 
ther off  than  if  the  intervening  space  were  un- 
occupied. It  is  generally  estimated  that  no 
terrestrial  object  can  be  distinctly  perceived  if 
the  visual  angle  it  subtends  be  less  than  one 
minute  of  a  degree,  and  that  most  objects  be- 
come indistinct  when  the  angle  they  subtend  at 
the  pupil  of  the  eye  is  less  than  six  minutes. 

We  have  deemed  it  expedient  to  introduce 
the  above  remarks  on  the  apparent  magnitude 
of  objects,  because  the  principal  use  of  a  tele- 
scope is  to  increase  the  angle  of  vision,  or  to 
represent  objects  under  a  larger  angle  than 
that  under  which  they  appear  to  the  naked 
eye,  so  as  to  render  the  view  of  distant  objects 
more  distinct,  and  to  exhibit  to  the  organ  of 
vision  those  objects  which  would  otherwise  be 
invisible.  A  telescope  may  be  said  to  enlarge 
an  object  just  as  many  times  as  the  angle 
under  which  the  instrument  represents  it  is 
greater  than  that  under  which  it  appears  to 
the  unassisted  eye.  Thus  the  moon  appears 
to  the  naked  eye  under  an  angle  of  about  half 
a  degree ;  consequently,  a  telescope  magnifies 
60  times  if  it  represents  that  orb  under  an 
angle  of  30  degrees;  and  if  it  magnified  180 
times,  it  would  exhibit  the  moon  under  an 
angle  of  90  degrees,  which  would  make  her 
appear  to  fill  half  of  the  visible  heavens,  or 
the  space  which  intervenes  from  the  horizon 
to  the  zenith. 


CHAPTER  IV. 

On  the  Different  kinds  of  Refracting  Telescopes. 


THERE  are  two  kinds  of  telescopes,  corre- 
sponding to  two  modes  of  vision,  namely, 
those  which  perform  their  office  by  refraction 
through  lenses,  and  those  which  magnify  dis- 
tant objects  by  reflection  from  mirrors.  The 
telescope  which  is  constructed  with  lenses 
produces  its  effects  solely  by  refracted  light, 
and  is  called  a  Dioptric,  or  refracting  tele- 
scope. The  other  kind  of  telescope  produces 
its  effects  partly  by  reflection,  and  partly  by 
refraction,  and  is  composed  both  of  mirrors 
and  lenses ;  but  the  mirrors  form  the  principal 
part  of  the  telescope,  and  therefore  such  in- 
struments are  denominated  reflecting  tele- 
scopes. In  this  chapter  I  shall  describe  the 
various  kinds  of  refracting  telescopes. 

SECTION.  I. 

The  Galilean  Telescope. 
This  telescope  is  named  after  the  celebrated 
Galileo,  who  first  constructed,  and  probably 


invented  it  in  the  year  1 609.  It  consists  of 
only  two  glasses,  a  convex  glass  next  the  ob- 
ject, and  a  concave  next  the  eye.  The  con- 
vex is  called  the  object-glass,  and  the  concave, 
to  which  the  eye  is  applied,  is  called  the  eye- 
glass. Let  C  (fig.  43)  represent  the  convex 

Fig.  43. 


object-glass,  presented  to  any  object  in  the 
direction  D  E  I,  so  that  the  rays  fall  parallel 
upon  it ;  if  these  rays,  after  passing  through 
it,  were  not  intercepted  by  the  concave  lens  /f, 
they  would  pass  on,  and  cross  each  other  in 
the  focus  F,  where  an  inverted  image  of  the 
object  would  be  formed.  But  the  concave 
lens  K,  the  virtual  focus  of  which  is  at  F, 
3x2  (797) 
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l>cing  interposed,  the  rays  ate  not  suffered  to 
converge  to  that  point,  but  are  made  less  con- 
vergent.* and  enter  the  pupil  almost  parallel, 
as  G  H,  and  are  converged  by  the  humours 
of  the  eye  to  their  proper  foci  on  the  retina. 
The  object,  through  this  telescope,  is  seen 
upright,  or  in  its  natural  position,  because  the 
rays  are  not  suffered  to  come  to  a  focus,  so  as 
to  form  an  inverted  picture.  The  concave 
eyeglass  is  placed  as  far  within  the  focus  of 
the  object-glass  as  is  equal  to  its  own  virtual 
focus;  and  the  magnifying  power  is  as  the 
focal  length  of  the  object-glass  to  that  of  the 
eyeglass,  that  is,  as  C  F 'to  B  F.  Thus, 
suppose  the  focus  of  the  object-glass  to  be  ten 
inches,  and  the  focus  of  the  eyeglass  to  be 
one  inch,  the  magnifying  power  will  be  ten 
times,  which  is  always  found  by  dividing  the 
focal  length  of  the  object-glass  by  that  of  the 
eyeglass.  The  interval  between  the  two 
glasses,  in  this  case,  will  be  nine  inches, 
which  is  the  length  of  the  telescope,  and  the 
objects  seen  through  it  will  appear  under  an 
angle  ten  times  greater  than  they  do  to  the 
naked  eye.  These  propositions  might  be 
proved  mathematically ;  but  the  process  is 
somewhat  tedious  and  intricate,  and  might 
not  fully  be  understood  by  general  readers. 
I  shall  therefore  only  mention  some  of  the 
general  properties  of  this  telescope,  which  is 
now  seldom  used,  except  for  the  purpose  of 
opera-glasses. 

1.  The  focal  distance  of  the  object-glass 
must  be  greater  than  that  of  the  eyeglass, 
otherwise  it  would  not  magnify  an  object ;  if 
the  focal  distance  of  the  eyeglass  were  greater 
than  that  of  the  object-glass,  it  would  diminish 
objects  instead  of  magnifying  them.  2.  The 
visible  area  of  the  object  is  greater,  the  nearer 
the  eye  is  to  the  glass;  and  it  depends  on  the 
diameter  of  the  pupil  of  the  eye,  and  on  the 
breadth  of  the  object-glass ;  consequently,  the 
field  of  view  in  this  telescope  is  very  small. 
3.  The  distinctness  of  vision  in  this  construc- 
tion of  a  telescope  exceeds  that  of  almost  any 
other.  This  arises  from  the  rays  of  light  pro- 
ceeding from  the  object  directly  through  the 
lenses,  without  crossing  or  intersecting  each 
other ;  whereas,  in  the  combination  of  convex 
lenses,  they  intersect  one  another  to  form  an 
image  in  the  focus  of  the  object-glass,  and  this 
image  is  magnified  by  the  eyeglass  with  all 
its  imperfections  and  distortions.  The  thin- 
ness of  the  centre  of  the  concave  lens  also 
contributes  to  distinctness.  4.  Although  the 
field  of  view  in  this  telescope  is  very  small, 
yet,  where  no  other  telescope  can  be  procured, 

*  It  is  one  of  the  properties  of  concave  lenses 
to  render  convergent  rays  less  convergent,  and 
when  placed  as  here  supposed,  to  render  them 
parallel ;  arid  it  is  parallel  rays  that  produce  dis- 
tinct vision. 
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it  might  be  made  of  such  a  length  as  to  show 
the  spots  on  the  Sun,  the  crescent  of  Venus, 
the  satellites  of  Jupiter,  and  the  ring  of  Saturn ; 
and,  requiring  only  two  glasses,  it  is  the  cheap- 
est of  all  telescopes.  It  has  been  found  that 
an  object-lens  five  feet  focal  distance  will  bear 
a  concave  eyeglass  of  only  one  inch  focal  dis- 
tance, and  will  consequently  magnify  the 
diameters  of  the  planets  sixty  times,  and  their 
surfaces  3600  times,  which  is  sufficient  to 
show  the  phenomena  now  stated.  And,  al- 
though only  a  small  portion  of  the  sun  and 
moon  can  be  seen  at  once,  yet  Jupiter  and  all 
his  satellites  may  sometimes  be  seen  at  one 
view ;  but  there  is  some  difficulty  in  finding 
objects  with  such  telescopes.  5.  Opera-glasses, 
which  are  always  of  this  construction,  have 
the  object-lens  generally  about  six  inches 
focus  and  one  inch  diameter,  with  a  concave 
eyeglass  of  about  two  inches  focus.  These 
glasses  magnify  about  three  times  in  diameter, 
have  a  pretty  large  field,  and  produce  very 
distinct  vision.  When  adjusted  to  the  eye, 
they  are  about  four  inches  in  length.  To  the 
object-end  of  an  opera-glass  there  is  sometimes 
attached  a  plane  mirror,  placed  at  an  angle  of 
forty-five  degrees,  for  the  purpose  of  viewing 
objects  on  either  side  of  us.  By  this  means, 
in  a  theatre  or  assembly,  we  can  take  a  view 
of  any  person  without  his  having  the  least 
suspicion  of  it,  as  the  glass  is  directed  in  quite 
a  different  direction.  The  instrument  with 
this  appendage  is  sometimes  called  a  Pokmo- 
scope. 


SECTION  II. 

The  Common  Astronomical  Refracting  Tele- 
scope. 

The  astronomical  telescope  is  the  most  sim- 
ple construction  of  a  telescope,  composed  of 
convex  lenses  only,  of  which  there  are  but 
two  essentially  necessary,  though  a  third  is 
sometimes  added  to  the  eyepiece  for  the  pur- 
pose of  enlarging  the  field  of  view.  Its  con- 
struction will  be  easily  understood  from  a 
description  of  the  following  figure :  Its  two 
essential  parts  are  an  object-glass,  A  D,  and 
an  eyeglass  E  Y,  so  combined  in  a  tube  that 
the  focus  F  of  the  object-glass  is  exactly  co- 
incident with  the  focus  of  the  eyeglass.  Let 
0  B  (fig.  44)  represent  a  distant  object,  from 
which  rays  nearly  parallel  proceed  to  the  ob- 
ject-lens A  D.  The  rays  passing  through  this 
lens  will  cross  at  F,  and  form  an  image  of  the 
object  at  /  M.  This  image  forms,  as  it  were, 
an  object  to  the  eyeglass  E  Y,  which  is  of  a 
short  focal  distance,  and  the  eye  is  thus  en- 
abled to  contemplate  the  object  as  if  it  were 
brought  much  nearer  than  it  is  in  reality ;  for 
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the  lays,  which,  after  crossing-, 
proceed  in  a  divergent  state,  fall 
upon  the  lens  E  Y  as  if  they 
proceeded  from  a  real  object  situ- 
ated  at  F.  All  that  is  effected, 
therefore,  by  such  a  telescope  is 
to  form  an  image  of  a  distant  ob- 
ject by  means  of  the  object-lens,  and  then  to 
give  the  eye  such  assistance  as  is  necessary 
for  viewing  that  image  as  near  as  possible,  so 
that  the  angle  it  shall  subtend  at  the  eye  shall 
be  very  large  compared  with  the  angle  which 
the  object  itself  would  subtend  in  the  same 
situation. 

Here  it  may  be  expedient  to  explain,  1. 
How  this  arrangement  of  glasses  shows  dis- 
tant objects  distinctly ;  and  2.  The  reason 
why  objects  appear  magnified  when  seen 
through  it.  As  to  the  first  particular,  it  may 
be  proved  as  follows :  The  rays  0  A  and  B  D, 
which  are  parallel  before  they  fall  upon  the 
object-glass,  are  by  this  glass  refracted  and 
united  at  its  focus.  In  order,  then,  to  distinct 
vision,  the  eyeglass  must  re-establish  the  paral- 
lelism of  the  rays,  which  is  effected  by  placing 
the  eyeglass  so  that  its  focus  may  be  at  F,  and, 
consequently,  the  rays  will  proceed  from  it 
parallel  to  each  other,  and  fall  upon  the  eye 
in  that  direction ;  for  distinct  vision  is  pro- 
duced by  parallel  rays.  2.  The  reason  why 
the  object  appears  magnified  will  appear,  if  we 
consider  that,  if  the  eye  viewed  the  object  from 
the  centre  of  the  object-glass,  it  would  see  it 
under  the  angle  0  C  B ;  let  O  C  and  B  C 
then  be  produced  to  the  focus  of  the  glass,  they 
will  then  limit  the  image,  /  M,  formed  in  the 
focus.  If,  then,  two  parallel  rays  are  supposed 
to  proceed  to  the  eyeglass  E  Y,  they  will  be 
converged  to  its  focus  H,  and  the  eye  will  see 
the  image  under  the  angle  E  H  Y.  The  ap- 
parent magnitude  of  the  object,  therefore,  as 
seen  by  the  naked  eye,  is  to  the  magnitude  of 
the  image  as  seen  through  the  telescope,  as 
0  C  B  to  E  H  Y,  or  as  the  distance  C  F  to 
the  distance  F  G  ;  in  other  words,  as  the  focal 
length  of  the  object-glass  to  that  of  the  eye- 
glass. 

It  is  obvious  from  the  figure,  that,  through 
this  telescope,  all  objects  will  appear  inverted  ; 
since  the  object  0  B  is  depicted  by  the  object- 
glass  in  an  inverted  position  at  /  M,  and  in 
this  position  is  viewed  by  the  eyeglass  E  Y; 
and,  therefore,  this  kind  of  telescope  is  not  well 
adapted  for  viewing  terrestrial  objects,  since  it 
exhibits  the  tops  of  trees,  houses,  and  other 
objects  as  undermost,  and  the  heads  of  people 
as  pointing  downward.  But  this  circum- 
stance is  of  no  consequence  with  respect  to 
the  heavenly  bodies,  since  they  are  round,  and 
it  can  make  little  difference  to  an  observer 
which  side  of  a  globular  body  appears  upper- 
most or  undermost.  All  astronomical  refract- 
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ing  telescopes  invert  objects;  but  they  are 
preferred  to  any  other  telescopes,  because  they 
have  few  glasses,  and,  consequently,  more 
light.  This  telescope,  however,  can  be  trans- 
formed into  a  common  day  telescope  for  land 
objects  by  the  addition  of  two  other  eyeglasses, 
as  we  shall  afterward  explain  ;  but  in  this  case 
a  quantity  of  light  is  lost  by  refraction  at  each 
lens,  for  there  is  scarcely  any  transparent  sub- 
stance that  transmits  all  the  rays  of  light  that 
fall  upon  it. 

The  magnifying  power  of  this  telescope  is 
found  by  dividing  the  focal  distance  of  the 
object-glass  by  the  focal  distance  of  the  eye- 
glass ;  the  quotient  gives  the  magnifying 
power,  or  the  number  of  times  that  the  object 
seen  through  the  telescope  appears  larger  or 
nearer  than  to  the  naked  eye.  Thus,  for  ex- 
ample, if  the  focal  distance  of  the  object-glass 
be  28  inches,  and  the  focal  distance  of  the 
eyeglass  1  inch,  the  magnifying  power  will  be 
28  times.  If  we  would  enlarge  the  telescope, 
and  select  an  object-glass  10  feet,  or  120 
inches  focus,  an  eyeglass  of  2  inches  focal 
length  might  be  applied,  and  then  the  diame- 
ter of  objects  would  be  magnified  60  times, 
and  their  surfaces  3600  times.  If  we  would 
use  an  object-glass  of  100  feet,  it  would  be 
necessary  to  select  an  eyeglass  about  6  inches 
focus,  and  the  magnifying  power  would  be 
200  times,  equal  to  1200  inches  divided  by  6. 
Since,  then,  the  power  of  magnifying  depends 
on  the  proportion  of  the  focal  length  of  the 
object  and  eyeglasses,  and  this  proportion  may 
be  varied  to  any  degree,  it  may  seem  strange 
to  some  that  a  short  telescope  of  this  kind  will 
not  answer  that  purpose  as  well  as  a  long  one. 
For  instance,  it  may  be  asked  why  an  object- 
glass  of  10  feet  focus  may  not  be  made  to 
magnify  as  much  as  one  of  100  feet  focal 
length,  by  using  an  eyeglass  of  half  an  inch 
focus,  in  which  case  the  magnifying  power 
would  be  240  times  1  But  it  is  to  be  consi- 
dered that,  if  the  power  of  magnifying  be  in- 
creased while  the  length  of  the  telescope  re- 
mains the  same,  it  is  necessary  to  dimmish  the 
focal  length  of  the  eyeglass  in  the  same  pro- 
portion, and  this  cannot  be  done,  on  account 
of  the  great  distortion  and  colouring  which 
would  then  appear  in  the  image,  arising  both 
from  the  deep  convexity  of  the  lens  and  the 
different  refrangibility  of  the  rays  of  light.  It 
is  found  that  the  length  of  common  refracting 
telescopes  must  be  increased  in  proportion  to 
the  square  of  the  increase  of  their  magnifying 
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power ;  so  that,  in  order  to  magnify  twice  as 
much  as  before  with  the  same  light  and  dis- 
tinctness, the  telescope  must  be  lengthened 
four  times;  to  magnify  3  times  as  much,  9 
times ;  and  to  magnify  4  times  as  much,  1 6 
times;  that  is — suppose  a  telescope  of  3  feet 
to  magnify  33  times — in  order  to  procure  a 
power  four  times  as  great,  or  132  times,  we 
must  extend  the  telescope  to  the  length  of  48 
feet,  or  16  times  the  length  of  the  other. 
Much,  likewise,  depends  upon  the  breadth  or 
aperture  of  the  object-glass.  If  it  be  too  small, 


there  will  not  be  sufficient  light  to  illuminate 
the  object ;  and  if  it  be  too  large,  the  redund 
ance  of  light  will  produce  confusion  in  the 
image. 

The  following  table,  constructed  originally 
by  Huygens,  and  which  I  have  recalculated 
and  corrected,  shows  the  linear  aperture,  tho 
focal  distance  of  the  eyeglass,  and  the  magnify- 
ing power  of  astronomical  telescopes  of  differ- 
ent lengths,  which  may  serve  as  a  guide  to 
those  who  wish  to  construct  telescopes  of  this 
description : 


Focal  distance  of  In 
objeci-gU-». 

Liurar  apeiturc  ot 
the  oh  ect-rlasi. 

focal  .U»lii.ce.il  lilt 
eyeglass. 

Magnifying  power. 

Feet. 

Inc.   Dec 

file.   liej. 

I 

0.      545 

0.     60 

20 

2 

0.     76 

0.     Hi 

28.5 

3 

0.     94 

1.    04 

34.6 

4 

1.     08 

1.     18 

40 

5 

1.     21 

1.    33 

45 

6 

1.     32 

1.    45 

50 

7 

1.     43 

1.    58 

53 

8 

1.     53 

1.     69 

56.8 

9 

1.     62 

1.    78 

60.6 

10 

1.    71 

1.    88 

63.8 

15 

2.     10 

2.     30 

78 

20 

2.     43 

2.     68 

89.5 

30 

3.     00 

3.     28 

109 

40 

3.     43 

3.     76 

127 

50 

3.    84 

4.     20 

142 

60 

4.     20 

4.     60 

156 

70 

4.     55 

5.     00 

168 

80 

4.     83 

5.     35 

179 

90 

5.     15 

5.     65 

190 

100 

5.     40 

5.     95 

200 

120 

5.     90 

6.     52 

220 

In  the  above  table  the  first  column  ex- 
presses the  focal  length  of  the  object-glass  in 
feet,  the  second  column  the  diameter  of  the 
aperture*  of  the  object-glass,  the  third  column 
the  focal  distance  of  the  eyeglass,  and  the 
fourth  the  magnifying  power,  which  is  found 
by  reducing  the  feet  in  the  first  column  to 
inches,  and  dividing  by  the  numbers  in  the 
third  column.  From  this  table  it  appears  that, 
in  order  to  obtain  a  magnifying  power  of  168 
times  by  this  kind  of  telescope,  it  is  requisite 
to  have  an  object-glass  of  70  feet  focal  dis- 
tance, and  an  eyeglass  five  inches  focus,  and 
that  the  aperture  of  the  object-glass  ought  not 
to  be  more  than  about  4^  inches  diameter.  To 
obtain  a  power  of  220  times  requires  a  length 
of  120  feet 

The  following  is  a  summary  view  of  the 
properties  of  this  telescope:  1.  The  object  is 
always  inverted.  2.  The  magnifying  power 
is  always  in  the  proportion  of  the  focal  dis- 
tance of  the  object-glass  to  the  eyeglass.  3. 
As  the  rays  emerging  from  the  eyeglass  should 
be  rendered  parallel  for  every  eye,  there  is  a 
small  sliding  tube  next  the  eye,  which  should 

*  The  word  aperture,  as  applied  to  object- 
glasses,  signifies  the  opening  to  let  in  the  light  or 
that  part  of  the  object-glass  which  is  left  unco- 
vered. An  object-glass  may  be  3  inches  in  diame- 
ter, but  if  one  inch  of  this  diameter  be  covered  its 
aperture  is  said  to  be  only  2  inches. 
1800) 


be  pushed  out  or  in  till  the  object  appears  dis- 
tinct. When  objects  are  pretty  near,  this  tube 
requires  to  be  pulled  out  a  little.  These  cir- 
cumstances require  to  be  attended  to  in  all 
telescopes.  4.  The  apparent  magnitude  of  an 
object  is  the  same  wherever  the  eye  be  placed, 
but  the  visible  area,  or  field  of  view,  is  the 
greatest  when  the  eye  is  nearly  at  the  focal 
distance  of  the  eyeglass.  5.  The  visual  angle 
depends  on  the  breadth  of  the  eyeglass,  for  it 
is  equal  to  the  angle  which  the.  eyeglass  sub- 
tends at  the  object-glass  ;  but  the  breadth  of 
the  eyeglass  cannot  be  increased  beyond  a 
certain  limit  without  producing  colouring  and 
distortion. 

If  the  general  principles  on  which  this  tele- 
scope is  constructed  be  thoroughly  understood, 
it  will  be  quite  easy  for  the  reader  to  under- 
stand the  construction  of  all  the  other  kinds 
of  telescopes,  whether  refracting  or  reflecting. 
A  small  astronomical  telescope  can  be  con- 
structed in  a  few  moments,  provided  one  has 
at  hand  the  following  lenses:  1.  A  common 
reading-glass,  eight  or  ten  inches  focal  distance ; 
2.  A  common  magnifying  lens,  such  as  watch- 
makers or  botanists  use,  of  about  l£  or  2 
inches  focus.  Hold  the  reading-glass — sup- 
pose of  ten  inches  focus — in  the  left  hand  op- 
posite any  object,  and  the  magnifying  lens  of 
two  inches  focus  in  the  right  hand  near  the 
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eye,  at  twelve  inches  distance  from  the  other 
in  a  direct  line,  and  a  telescope  is  formed 
which  magnifies  five  times.  I  have  frequently 
used  this  plan,  when  travelling,  when  no  other 
telescope  was  at  hand. 


SECTION  III. 

The  Aerial  Telescope. 

The  aerial  is  a  refracting  telescope  of  the 
kind  we  have  now  described,  intended  to  be 
used  without  a  tube  in  a  dark  night ;  for  the 
use  of  a  tube  is  not  only  to  direct  the  glasses, 
but  to  make  the  place  dark  where  the  images 
are  formed.  It  appears,  from  the  preceding 
table,  that  we  cannot  obtain  a  high  magnify- 
ing power  with  the  common  astronomical 
telescope  without  making  it  of  an  extreme 
length,  in  which  case  the  glasses  are  not 
manageable  in  tubes — which  are  either  too 
slight  and  apt  to  bend,  or  too  heavy  and  un- 
wieldy if  made  of  wood,  iron,  or  other  strong 
materials.  The  astronomers  of  the  seven- 
teenth century,  feeling  some  inconveniences 
in  making  celestial  observations  with  long 
tubes,  contrived  a  method  of  using  the  glasses 
without  tubes.  Hartsocker,  an  eminent  opti- 

Fig.  45. 


cian,  contrived  to  fix  them  at  the  top  of  a  tree, 
a  high  wall,  or  the  roof  of  a  house ;  but  the 
celebrated  Huygen?,  who  was  not  only  an 
astronomer,  but  also  an  excellent  mechanic, 
made  considerable  improvements  in  the  me- 
thod of  using  an  object-glass  without  a  tube. 
He  placed  it  at  the  top  of  a  very  long  pole, 
having  previously  inclosed  it  in  a  short  tube, 
which  was  made  to  turn  in  all  directions  by 
means  of  a  ball  and  socket.  The  axis  of  this 
tube  he  could  command  with  a  fine  silken 
string,  so  as  to  bring  it  into  a  line  with  the 
axis  of  another  short  tube  which  he  held  in 
his  hand,  and  which  contained  the  eyeglass. 
The  following  is  a  more  particular  descrip- 
tion of  one  of  these  telescopes  :  On  the  top 
of  a  long  pole  or  mast,  a  b  (fig.  45,)  is  fixed 
aboard  movable  up  and  down  in  the  channel 
c  d  ;  e  is  a  perpendicular  arm  fixed  to  it,  and 
/  /  is  a  transverse  board  that  supports  the 
object-glass  inclosed  in  the  tube  i,  which  is 
raised  or  lowered  by  means  of  the  silk  cord 
r  If  g '  g  is  an  endless  rope  with  a  weight  h, 
by  which  the  apparatus  of  the  object-glass  is 
counterpoised ;  k  I  is  a  stick  fastened  to  the 
tube  i\  m  the  ball  and  socket,  by  means  of 
which  the  object-glass  is  movable  every 
way ;  and,  to  keep  it  steady,  there  is  a  weight, 
n,  suspended  by  a  wire ;  /  is  a  short  wire  to 
which  the  thread  r  I  is  tied ;  o  is  the  tube 
which  holds  the  eyeglass ;  q  the 
stick  fixed  to  this  tube,  s  a  leaden 
bullet,  and  t  a  spool  to  wind  the 
thread  on  ;  u  is  pins  for  the  thread 
to  pass  through ;  x  the  rest  for  the 
observer  to  lean  upon,  and  y  the 
lantern.  Fig.  46  is  an  apparatus 
contrived  by  M.  de  la  Hire  for 
managing  the  object-glass,  but 
which  it  would  be  too  tedious 
particularly  to  describe.  To  keep 
off  the  dew  from  the  object-glass, 
it  was  sometimes  included  in  a 
pasteboard  tube,  made  of  spongy 
paper,  to  absorb  the  humidity  of 
the  air.  And,  to  find  an  object 
more  readily,  a  broad  annulus  of 
white  pasteboard  was  put  over 
the  tube  that  carried  the  eyeglass, 
upon  which  the  image  of  the  ob- 
ject being  painted,  an  assistant 
who  perceived  it  might  direct  the 
tube  of  the  eyeglass  into  its  place. 
Such  was  the  construction  of 
the  telescopes  with  which  Heve- 
lius,  Huygens,  Cassini,  and  other 
,(  eminent  astronomers  of  the' seven- 
teenth century  made  their  prin- 
cipal discoveries.  With  such 
\  telescopes  Huygens  discovered  the 
'  fourth  satellite  of  Saturn,  and  de- 
termined that  this  planet  was 
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surrounded  with   a   ring;   and 
with  the  same  kind  of  instrument 


~ 


Cassini  detected  the  first,  second,  X-.,.  V- 
third,  and  fifth  satellites  of  jj  JT^ ^S^f. 
Saturn,  and  made  his  other  dis-  J?  m  "jL  ^ 
coveries.  When  the  night  was 
very  dark,  they  were  obliged  to  make  the  object- 
glass  visible  by  means  of  a  lantern  so  construct- 
ed as  to  throw  the  rays  of  light  up  to  it  in  a 
parallel  direction.  In  making  such  observa- 
tions they  must  have  taken  incredible  pains, 
endured  much  cold  and  fatigue,  and  subjected 
themselves  to  very  great  labour  and  expense — 
which  almost  makes  us  wonder  at  the  disco- 
veries they  were  instrumental  in  bringing  to 
light — and  should  make  modern  philosophers 
sensible  of  the  obligations  they  are  under  to 
such  men  as  Newton  and  Dollond,  through 
whose  inventions  such  unwieldy  instruments 
are  no  longer  necessary.  Telescopes  of  the 
description  now  stated  were  made  of  all  sizes, 
from  30  to  above  120  feet  in  length.  Divini 
at  Rome,  and  Campani  at  Bologna,  were 
famed  as  makers  of  the  object-glasses  of  the 
long  focal  distance  to  which  we  have  alluded, 
who  sold  them  for  a  great  price,  and  took 
every  method  to  keep  the  art  of  making  them 
a  secret.  It  was  with  telescopes  made  by 
Campani  that  Cassini  made  his  discoveries. 
They  were  made  by  the  express  order  of  Louis 
XIV.,  and  were  of  86,  100,  and  136  Paris 
feet  in  focal  length,  M.  Auzout  made  one 
object-glass  of  600  feet  focus;  but  he  was 
never  able  to  manage  it  so  as  to  make  any 
practical  observations  with  it.  Hartsocker  is 
said  to  have  made  some  of  a  still  greater  focal 
length.  The  famous  aerial  telescope  of  Huy- 
gens  was  123  feet  in  focal  length,  with  six 
inches  of  aperture.  At  his  death  he  be- 
queathed it  to  the  Royal  Society  of  London, 
in  whose  possession  it  still  remains.  It  re- 
quired a  pole  of  more  than  a  hundred  feet 
high  on  which  to  place  the  object-glass  for 
general  observations.  It  was  with  this  glass 
that  Dr.  Derham  made  the  observations  to 
which  he  alludes  in  his  preface  to  his  "  Astro- 
Theology."  When  this  glass  was  in  the 
possession  of  Mr.  Cavendish,  it  was  compared 
with  one  of  Mr.Dollond's  forty-six  inch  treble 
object-glass  achromatics,  and  the  gentlemen 
\vho  were  present  at  the  trial,  said  that  "  the 
Dwarf  was  fairly  a  match  for  the  Giant."  It 
magnified  218  times,  and  the  trouble  of  manag- 
ing it  was  said  to  be  extremely  tiresome  and 
laborious. 


§ 


Fig  47. 
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SEOTIOK  IV. 

The  common  Refracting  Telescope,  for  Ter- 
restrial Objects. 

This  telescope  is  constructed  on  the  same 
(802) 


principle  as  the  astronomical  telescope  already 
described,  with  the  addition  of  two  or  three 
glasses.  In  fig.  47,  O  B  represents  a  distant 
object,  L  N  the  object-glass,  which  forms  the 
image  /  M  in  its  focus,  which  is,  of  course,  in 
an  inverted  position,  and,  if  the  eye  were  ap- 
plied to  the  lens  E  E,  the  object  would  ap- 
pear exactly  as  through  the  astronomical  tele- 
scope, every  object  being  apparently  turned 
upside  down.  To  remedy  this  inconvenience, 
there  are  added  two  other  glasses,  F  F  and 
G  G,  by  which  a  second  image  is  formed 
from  the  first,  in  the  same  position  as  the  ob- 
ject. In  order  to  effect  this,  the  first  of  these 
two  glasses,  namely,  F  F,  is  placed  at  twice 
its  focal  distance  from  the  former  glass,  E  E, 
and  the  other  lens,  G  G,  next  the  eye,  is 
placed  at  the  same  distance  from  F  F  ;  for 
all  the  three  glasses  are  supposed  to  be  of  the 
same  focal  distance.  Now  the  lens  F  F,  be- 
ing placed  at  twice  the  focal  distance  for 
parallel  rays  from  E  E,  receives  the  pencils 
of  parallel  rays  after  they  have  crossed  each 
other  at  X^  and  forms  an  image  at  i  m  similar 
to  that  at  /  M,  and  equal  to  it,  but  contrary 
in  position,  and  consequently  erect;  which 
last  image  is  viewed  by  the  lens  G  G,  in  the 
same  manner  as  the  first  image,  I  M,  would 
be  viewed  by  the  lens  E  E.  In  this  case  the 
image  I  M  is  considered  as  an  object  to  the 
lens  F  F,  of  which  it  forms  a  picture  in  its 
focus,  in  a  reverse  position  from  that  of  the 
first  image,  and,  of  course,  in  the  same  posi- 
tion as  the  object. 

The  magnifying  power  of  this  telescope  is 
determined  precisely  in  the  same  way  as  that 
of  the  astronomical  telescope.  Suppose  the 
object-glass  to  be  thirty  inches  focal  distance, 
and  each  of  the  eye-glasses  1£  inch  focal  dis- 
tance, the  magnifying  power  is  in  the  propor- 
tion of  30  to  1^,  or  20  times,  and  the  instru- 
ment is,  of  course,  considerably  longer  than 
an  astronomical  telescope  of  the  same  power. 
The  distance,  in  this  case,  between  the  ob- 
ject-glass and  the  first  eyeglass,  E  E,  is  31  £ 
inches  ;  the  distance  between  E  E  and  the 
second  glass,  F  F,  is  3  inches,  and  the  dis- 
tance between  F  F  and  the  glass  G  G,  next 
the  eye,  3  inches;  in  all,  37^  inches,  the 
whole  length  of  the  telescope.  Although  it 
is  usual  to  make  use  of  three  eyeglasses  in 
this  telescope,  yet  two  will  cause  the  object 
to  appear  erect,  and  of  the  same  magnitude. 
For,  suppose  the  middle  lens,  F  F,  taken 
away,  if  the  first  lens,  E  E,  be  placed  at  X, 
which  is  double  its  focal  distance  from  the 
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Milage,  /  M,  it  will,  at  the  same  distance,  -X" 
m,  on  the  other  side,  form  a  secondary  image, 
i  m,  equal  to  the  primary  image  /  M,  and 
also  in  a  contrary  position.  But  such  a  com- 
bination of  eyeglasses  produces  a  great  de- 
gree of  colouring  in  the  image,  and  therefore 
is  seldom  used.  Even  the  combination  now 
described,  consisting  of  three  lenses  of  equal 
focal  distances,  is  now  almost  obsolete,  and 
has  given  place  to  a  much  better  arrangement, 
consisting  of  four  glasses  of  different  focal 
distances,  which  shall  be  afterward  described. 
The  following  figures,  48, 49,  50,  represent 
the  manner  in  which  the  rays  of  light  are 
refracted  through  the  glasses  of  the  telescopes 
we  have  now  described.  Fig.  48  represents 
the  rays  of  light  as  they  pass  from  the  object 
to  the  eye  in  the  Galilean  telescope.  After 
passing  in  a  parallel  direction  to  the  object- 
glass,  they  are  refracted  by  that  glass,  and 
undergo  a  slight  convergence  in  passing  to- 
wards the  concave  eyeglass,  where  they  enter 
the  eye  in  a  parallel  direction,  but  no  image 
is  formed  previous  to  their  entering  the  eye 
till  they  arrive  at  the  retina.  Fig.  49  repre- 

Fig.  48.        Fig.  49.       Fig.  60. 


sents  the  rays  as  they  pass  through  the  glasses 
of  the  astronomical  telescope.  The  rays,  after 
entering  the  object-glass,  proceed  in  a  con- 
verging  direction  till  they  arrive  at  its  focus 
about  A,  where  an  image  of  the  object  is 


formed ;  they  then  proceed  diverging  to  the 
eyeglass,  where  they  are  rendered  parallel, 
and  enter  the  eye  in  that  direction.  Fig.  fv* 
represents  the  rays  as  they  converge  and 
diverge  in  passing  through  the  four  glasses  of 
the  common  day-telescope  described  above. 
After  passing  through  the  object-glass,  they 
converge  towards  B,  where  the  first  image  is 
formed.  They  then  diverge  towards  the  first 
eyeglass,  where  they  are  rendered  parallel, 
and,  passing  through  the  second  eyeglass, 
they  again  converge  and  form  a  second  image 
at  C,  from  which  point  they  again  diverge, 
and,  passing  through  the  first  eyeglass,  enter 
the  eye  in  a  parallel  direction.  If  the  glasses 
of  these  telescopes  were  fixed  on  long  pieces 
of  wood,  at  their  proper  distances  from  each 
other,  and  placed  in  a  darkened  room,  when 
the  sun  is  shining,  the  beam  of  the  sun's  light 
would  pass  through  them  in  the  same  manner 
as  here  represented. 


SECTION  V. 

Telescope  formed  by  a  Single  Lens. 

This  is  a  species  of  telescope  altogether 
unnoticed  by  optical  writers,  so  far  as  I  know ; 
nor  has  the  property  of  a  single  lens  in  mag- 
nifying distant  objects  been  generally  adverted 
to  or  recognized.  It  may  not,  therefore,  be 
inexpedient  to  state  a  few  experiments  which 
I  have  made  in  relation  to  this  point.  When 
we  hold  a  spectacle-glass  of  a  pretty  long 
focal  distance — say  from  20  to  24  inches — 
close  to  the  eye,  and  direct  it  to  distant  ob- 
jects, they  do  not  appear  sensibly  magnified. 
But  if  we  hold  the  glass  about  12  or  16  inches 
from  our  eye,  we  shall  perceive  a  sensible  de- 
gree of  magnifying  power,  as  if  distant  objects 
were  seen  at  less  than  half  the  distance  at 
which  they  are  placed.  This  property  of  a 
spectacle-glass  I  happened  to  notice  when  a 
boy,  and  on  different  occasions  since  that 
period  have  made  several  experiments  on  the 
subject,  some  of  which  I  shall  here  relate. 

With  the  object-glass  of  a  common  refract- 
ing telescope,  4£  feet  focal  distance,  and  2  A 
inches  diameter,  I  looked  at  distant  objects — 
my  eye  being  at  about  3£  feet  from  the  lens, 
or  about  10  or  12  inches  within  its  focus — and 
it  produced  nearly  the  same  effect  as  a  tele- 
scope which  magnifies  the  diameters  of  objects 
5  or  6  times.  With  another  lens,  11  feet 
focal  distance,  and  4  inches  diameter,  standing-, 
from  it  at  the  distance  of  about  ten  feet,  I 
obtained  a  magnifying  power  of  about  12  or 
14  times,  which  enabled  me  to  read  the  letters 
on  the  signposts?  of  a  village  half  a  mile  dis- 
tant. Having  some  time  ago  procured  a  very 
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large  lens,  26  feet  focal  distance  and  ll£ 
inches  diameter,  I  have  tried  with  it  various 
experiments  of  this  kind  upon  different  ob- 
jects. Standing  at  the  distance  of  about  25 
feet  from  it,  I  can  see  distant  objects  through 
it  magnified  about  26  times  in  diameter,  and 
consequently  676  times  in  surface,  and  re- 
markably clear  and  distinct,  so  that  I  can 
distinguish  the  hour  and  minute  hands  of  a 
public  clock  in  a  village  two  miles  distant. 
This  single  lens,  therefore,  answers  the  pur- 
pose of  an  ordinary  telescope  with  a  power  of 
26  times.  In  making  such  experiments,  our 
eye  must  always  be  within  the  focus  of  the 
lens,  at  least  8  or  10  inches.  The  object 
will,  indeed,  be  seen  at  any  distance  from  the 
glass  within  this  limit,  but  the  magnifying 
power  is  diminished  in  proportion  as  we  ap- 
proach nearer  to  the  glass.  Different  eyes, 
too,  will  require  to  place  themselves  at  differ- 
ent distances,  so  as  to  obtain  the  greatest  de- 
gree of  magnifying  power  with  distinctness, 
according  as  individuals  are  long  or  short- 
sighted. 

This  kind  of  telescope  stands  in  no  need  of 
a  tube,  but  only  of  a  small  pedestal  on  which 
it  may  be  placed  on  a  table,  nearly  at  the 
height  of  the  eye,  and  that  it  be  capable  of  a 
motion  in  a  perpendicular  or  parallel  direction, 
to  bring  it  in  a  line  with  the  eye  and  the  ob- 
ject. The  principle  on  which  the  magnifying 
power  in  this  case  is  produced,  is  materially 
the  same  as  that  on  which  the  Galilean  tele- 
scope depends.  The  eye  of  the  observer 
serves  instead  of  the  concave  lens  in  that  in- 
strument ;  and  as  the  concave  lens  is  placed 
as  much  within  the  focus  of  the  object-glass  as 
is  equal  to  its  own  focal  distance,  so  the  eye, 
in  these  experiments,  must  be  placed  at  least 
its  focal  distance  within  the  focus  of  the  lens 
with  which  we  are  experimenting;  and  the 
magnifying  power  will  be  nearly  in  the  pro- 
portion of  the  focal  distance  of  the  lens  to  the 
focal  distance  of  the  eye.  If,  for  example,  the 
focal  distance  of  the  eye,  or  the  distance  at 
•which  we  see  to  read  distinctly,  be  10  inches, 
and  the  focal  distance  of  the  lens  1 1  feet,  the 

Fig.  51. 


magnifying  power  will  be  as  11  feet,  or  132 
inches  to  10,  that  is,  about  13  times.     Let  A 
(fig.  51)  represent  the  lens  placed  on  a  pedes- 
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tal ;  the  rays  of  light  passing  through  this 
lens  from  distant  objects  will  converge  towards 
a  focus  at  F.  If  a  person  then  place  his  eye 
at  E,  a  certain  distance  within  the  focal  point, 
he  will  see  distant  objects  magnified  nearly  in 
the  proportion  of  the  focal  distance  of  the  lens 
to  that  of  the  eye ;  and  when  the  lens  is  very 
broad — such  as  the  26  feet  lens  mentioned 
above — two  or  three  persons  may  look  through 
it  at  once,  though  they  will  not  all  see  the 
same  object.  I  have  alluded  above  to  a  lens 
made  by  M.  Azout  of  600  feet  focal  distance. 
Were  it  possible  to  use  such  a  lens  for  distant 
objects,  it  might  represent  them  as  magnified 
5  or  600  times,  without  the  application  of  any 
eyeglass.  In  this  way  the  aerial  telescope  of 
Huygens  would  magnify  objects  above  100 
times,  which  is  about  half  the  magnifying 
power  it  produced  with  its  eyepiece.  Sup- 
pose Azout's  lens  had  been  fitted  up  as  a  tele- 
scope, it  would  not  have  magnified  above  480 
times,  as  it  would  have  required  an  eyeglass 
of  14  or  15  inches  focal  distance,  whereas, 
without  an  eyeglass,  it  would  have  magnified 
objects  considerably  above  500  times.  It  is 
not  unlikely  that  the  species  of  telescope  to 
which  I  have  now  adverted  constituted  one  of 
those  instruments' for  magnifying  distant  ob- 
jects which  were  said  to  have  been  in  the 
possession  of 'certain  persons  long  before  their 
invention  in  Holland,  and  by  Galileo  in  Italy, 
to  which  I  have  referred  in  p.  69.  Were 
this  kind  of  telescope  to  be  applied  to  the  celes- 
tial bodies,  it  would  require  to  be  elevated  upon 
a  pole  in  the  manner  represented  in  fig.  45, 
p.  83. 


SECTION  VI. 
The  Achromatic  Telescope. 

This  telescope  constitutes  the  most  import- 
ant and  useful  improvement  ever  made  upon 
telescopic  instruments,  and  it  is  probable  it 
will,  ere  long,  supersede  the  use  of  all  other 
telescopes.  Its  importance  and  utility  will 
at  once  appear  when  we  consider  that  a  good 
achromatic  telescope  of  only  4  or  5  feet  in 
length  will  bear  a  magnifying  power  as  great 
as  that  of  a  common  astronomical  telescope 
100  feet  long,  and  even  with  a  greater  degree 
of  distinctness,  so  that  they  are  now  come  into 
general  use  both  for  terrestrial  and  celestial  ob- 
servations. There  are,  indeed,  certain  obstruc- 
tions which  prevent  their  being  made  of  a  very 
large  size ;  but  from  the  improvement  in  the 
manufacture  of  achromatic  glass  which  is 
now  going  forward,  it  is  to  be  hoped  that  the 
difficulties  which  have  hitherto  impeded  the 
progress  of  opticians  will  soon  be  removed.  In 
order  to  understand  the  nature  of  this  tn.6' 
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scope,  it  will  be  necessary  to  advert  a  little  to 
the  imperfections  connected  with  the  common 
refracting  telescopes. 

The  first  imperfection  to  which  I  allude  is 
this,  that  spherical  surfaces  do  not  refract  the 
rays  of  light  accurately  to  a  point ,-  and  hence 
the  image  formed  by  a  single  convex  lens  is 
not  perfectly  accurate  and  distinct.  The  rays 
which  pass  near  the  extremities  of  such  a  lens 
meet  in  foci  nearer  to  the  lens  than  those 
which  pass  nearly  through  the  centre,  which 
may  be  illustrated  by  the  following  figure : 
Let  P  P  (fig.  52)  be  a  convex  lens,  and  E  e 


an  object,  the  point  E  of  which  corresponds 
with  the  axis,  and  sends  forth  the  rays  E  M, 
E  N,E  A,  &c.,  all  of  which  reach  the  sur- 
face of  the  glass,  but  in  different  parts.  It  is 
manifest  that  the  ray  E  A,  which  passes 
through  the  middle  of  the  glass,  suffers  no  re- 
fraction. The  rays  E  M,  E  M,  likewise,  which 
pass  through  near  to  E  A,  will  be  converged 
to  a  focus  at  F,  which  we  generally  consider 
as  the  focus  of  the  lens.  But  the  rays  E  N, 
E  N,  which  are  nearer  to  the  edge  of  the 
glass,  will  be  differently  refracted,  and  will 
meet  about  G,  nearer  to  the  lens,  where  they 
will  form  another  image  G  g.  Hence  it  is  evi- 
dent that  the  first  image,  F  f,  is  formed  only  by 
the  union  of  those  rays  which  pass  very  near 
the  centre  of  the  lens ;  but  as  the  rays  of  light 
proceeding  from  every  point  of  an  object  are 
very  numerous,  there  is  a  succession  of  images 
formed,  according  to  the  parts  of  the  lens 
where  they  penetrate,  which  necessarily  pro- 
duces indistinctness  and  confusion.  This  is 
the  imperfection  which  is  distinguished  by  the 
name  of  spherical  aberration,  or  the  error 
arising  from  the  spherical  form  of  lenses. 

The  second  and  most  important  imperfec- 
tion of  single  lenses,  when  used  for  the  object- 
glasses  of  telescopes,  is,  that  the  rays  of  com- 
poundfj  iight  being  differently  refrangible, 
come  to  their  respective  foci  at  different  dis- 
tances from  the  glass ;  the  more  refrangible 
rays,  as  the  violet,  converging  sooner  than 
those  which  are  less  refrangible,  as  the  red.  I 
have  had  occasion  to  illustrate  this  circum- 
stance, when  treating  on  the  colours  produced 
by  the  prism,  see  p.  51,  and  figures  32  and 
33,)  and  it  is  confirmed  by  the  experiment  of 
a  paper  painted  red,  throwing  its  image,  by 
means  of  a  lens,  at  a  greater  distance  than 


another  paper  painted  blue.  From  such  facts 
and  experiments,  it  appears  that  the  image  of 
a  white  object  consists  of  an  indefinite  num- 
ber of  coloured  images,  the  violet  being  nearest, 
and  the  red  furthest  from  the  lens,  and  the 
images  of  intermediate  colours  at  intermediate 
distances.  The  aggregate,  or  image  itself, 
must  therefore  be  in  some  degree  confused ; 
and  this  confusion  being  much  increased  by 
the  magnifying  power,  it  is  found  necessary  to 
use  an  eyeglass  of  a  certain  limited  convexity 
to  a  given  object-glass.  Thus,  an  object-glass 
of  34  inches  focal  length  will  bear  an  eyeglass 
of  only  one  inch  focus,  and  will  magnify  the 
diameters  of  objects  34  times ;  one  of  50  feet 
focal  distance  will  require  an  eyeglass  of  4£ 
inches  focus,  and  will  magnify  only  142  times ; 
whereas,  could  we  apply  to  it  an  eyeglass  of 
only  one  inch  focus,  as  in  the  former  case,  it 
would  magnify  no  less  than  600  times.  And 
were  we  to  construct  an  object-glass  of  100  feet 
focal  length,  we  should  require  to  apply  an 
eyeglass  not  less  than  six  inches  focus,  which 
would  produce  a  power  of  about  200  times  ; 
so  that  there  is  no  possibility  of  producing  a 
great  power  by  single  lenses  without  extend- 
ing the  telescope  to  an  immoderate  length. 

Sir  Isaac  Newton,  after  having  made  his 
discoveries  respecting  the  colours  of  light,  con- 
sidered the  circumstance  we  have  now  stated 
as  an  insuperable  barrier  to  the  improvement 
of  refracting  telescopes,  and  therefore  turned 
his  attention  to  the  improvement  of  telescopes 
by  reflection.  In  ''lie  telescopes  which  he  con- 
structed and  parity  invented,  the  images  of 
objects  are  formed  by  reflection  from  speculums 
or  mirrors  ;  and  being  free  from  the  irregular 
convergency  of  the  various  coloured  rays  of 
light,  will  admit  of  a  much  larger  aperture  and 
the  application  of  a  much  greater  degree  of 
magnifying  power.  The  reflector  which  New- 
ton constructed  was  only  six  inches  long,  but^ 
it  was  capable  of  bearing  a  power  equal  to 
that  of  a  six  feet  refractor.  It  was  a  long 
time,  however,  after  the  invention  of  these 
telescopes,  before  they  were  made  of  a  size 
fitted  for  making  celestial  observations.  After 
reflecting  telescopes  had  been: some  time  in 
use,  Dollond  made  his  famous  discovery  of 
the  principle  which  led  him  to  the  construc- 
tion of  the  achromatic  telescope.  This  inven- 
tion consists  of  a  compound  object-glass 
formed  of  two  different  kinds  of  glass,  by 
which  both  the  spherical  aberration  and  the 
errors  arising  from  the  different  refrangibility 
of  the  rays  of  light  are  in  a  great  measure  cor- 
rected. For  the  explanation  of  the  nature  of 
this  compound  object-glass  and  the  effects  it 
produces,  it  may  be  expedient  to  offer  the  fol- 
lowing remarks  respecting  the  dispersion  of 
light  and  its  refraction  by  different  substances. 
The  dispersion  of  light  is  estimated  by  the 
3  Y  (805) 
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variable  angle  formed  by  the  red  and  violet 
rays  which  bound  the  solar  spectrum,  or, 
rather,  it  is  the  excess  of  the  refraction  of  the 
most  refrangible  ray  above  that  of  the  least 
refrangible  ray.  The  dispersion  is  not  pro- 
portional to  the  refraction,  that  is,  the  sub- 
stances which  have  an  equal  mean  refraction 
do  not  disperse  light  in  the  same  ratio.  For 
example,  if  we  make  a  prism  with  plates  of 
glass,  and  fill  it  with  oil  of  cassia,  and  adjust 
its  refracting  angle,  A  C  B  (.fig.  31,  p.  51,) 
so  that  the  middle  of  the  spectrum  which  it 
forms  falls  exactly  at  the  same  place  where 
the  green  rays  of  a  spectrum  formed  by  a  glass 
prism  would  fall,  then  we  shall  find  that  the 
spectrum  formed  by  the  oil  of  cassia  prism  will 
be  two  or  three  times  longer  than  that  of  the 
glass  prism.  The  oil  of  cassia,  therefore,  is 
said  to  disperse  the  rays  of  light  more  than 
the  glass,  that  is,  to  separate  the  extreme  red 
and  violet  rays  at  0  and  P  more  than  the 
mean  ray  at  green,  and  to  have  a  greater  dis- 
persive power.  Sir  I.  Newton  appears  to 
have  made  use  of  prisms  composed  of  different 
substances,  yet,  strange  to  tell,  he  never  ob- 
served that  they  formed  spectrums  whose 
lengths  were  different  when  the  refraction  of 
the  green  ray  was  the  same,  but  thought  that 
the  dispersion  was  proportional  to  the  refrac- 
tion. This  error  continued  to  be  overlooked 
by  philosophers  for  a  considerable  time,  and 
was  the  cause  of  retarding  the  invention  of 
the  achromatic  telescope  for  more  than  50 


For  the  edges  of  a  convex  and  concave  lens, 
when  placed  in  contact  with  each  other,  may 
be  considered  as  two  prisms  which  refract 
contrary  ways ;  and  if  the  excess  of  refraction 
in  the  one  be  such  as  precisely  to  destroy  the 
divergency  of  colour  in  the  other,  a  colourless 
image  will  be  formed.  Thus,  if  two  lenses 
are  made  of  the  same  focal  length,  the  one  of 
flint  glass  and  the  other  of  crown,  the  lengtb 
or  diameter  of  the  coloured  image  in  the  first 
will  be  to  that  produced  by  the  crown  glass 
as  three  to  two  nearly.  Now  if  we  make  the 
focal  lengths  of  the  lenses  in  this  proportion, 
that  is,  as  three  to  two,  the  coloured  spectrum 
produced  by  each  will  be  equal.  But  if  the 
flint  lens  be  concave,  and  the  crown  convex, 
when  placed  in  contact  they  will  mutually 
correct  each  other,  and  a  pencil  of  white  light 
refracted  by  the  compound  lens  will  remain 
colourless. 

The  following  figure  may  perhaps  illustrate 
what  has  been  now  stated.  Let  L  L  (fig. 
53)  represent  a  convex  lens  of  crown  glass, 

Fig.  53. 


Dollond  was  among  the  first  who  detected 
this  error.  By  his  experiments  it  appears 
that  the  different  kinds  of  glass  differ  ex- 
tremely with  respect  to  the  divergency  of  co- 
lours produced  by  equal  refractions.  He  found 
that  two  prisms,  one  of  white  flint  glass, 
whose  refracting  angle  was  about  25  degrees, 
_and  another  of  crown  glass,  whose  refracting 
angle  was  about  29  degrees,  refracted  the 
beam  of  light  nearly  alike,  but  that  the  diver- 
gency of  colour  in  the  white  flint  was  consi- 
derably more  than  in  the  crown  glass  ;  so  that 
when  they  were  applied  together,  to  refract 
contrary  ways,  and  a  beam  of  light  transmitted 
through  them,  though  the  emergent  continued 
parallel  to  the  incident  part,  it  was,  notwith- 
standing, separated  into  component  colours. 
From  this  he  inferred  that,  in  order  to  render 
the  emergent  beam  white,  it  is  necessary  that 
the  refracting  angle  of  the  prism  of  crown 
glass  should  be  increased,  and  by  repeated 
experiments  he  discovered  the  exact  quantity. 
By  these  means  he  obtained  a  theory  in 
which  refraction  was  performed  without  any 
separation  or  divergency  of  colour,  and  thus 
the  way  was  prepared  for  applying  the  prin- 
ciple he  had  ascertained  to  the  construction 
of  the  object-glasses  of  refracting  telescopes. 
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and  /  /  a  concave  lens  of  flint  glass.  A  ray 
of  the  sun,  S,  falls  at  F  on  the  convex  lens, 
which  will  refract  it  exactly  as  the  prism  A  B 
C,  whose  faces  touch  the  two  surfaces  of  the 
lens  at  the  points  where  the  ray  enters  and 
quits  it.  The  solar  ray,  £  F,  thus  refracted 
by  the  lens  L  L,  or  prism  ABC,  would 
have  formed  a  spectrum,  P  T,  on  the  wall, 
had  there  been  no  other  lens,  the  violet  ray, 
F,  crossing  the  axis  of  the  lens  at  V,  and 
going  to  the  upper  end,  P,  of  the  spectrum ; 
and  the  red  ray,  F  R,  going  to  the  lower  end, 
T.  But  as  the  flint  glass  lens  /  /,  or  the 
prism  A  a  C,  which  receives  the  rays  F  V,  F 
R,  at  the  same  points,  is  interposed,  these 
rays  will  be  united  at/,  and  form  a  small  cir- 
cle of  white  light ;  the  ray  S  F  of  the  sun 
being  now  refracted  without  colour  from  its 
primitive  direction  S  F  Y  into  the  new  direc- 
tion F  f.  In  like  manner,  the  corresponding 
ray  S  M  will  be  refracted  to  f,  and  a  white 
and  colourless  image  of  the  sun  will  be  there 
formed  by  the  two  lenses.  In  this  combina- 
tion of  lenses,  it  is  obvious  that  the  spherical 
aberration  of  the  flint  lens  corrects  to  a  con- 
siderable degree  that  of  the  crown  glass,  and 
by  a  proper  adjustment  of  the  radii  of  the  sur- 
faces, it  may  be  almost  wholly  removed.  This 
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error  is  still  more  completely  corrected  in  the 
triple  achromatic  object-glass,  which  consists 
of  three  lenses — a  concave  flint  lens  placed 
between  convexes  of  crown  glass.  Fig.  54 
shows  the  double  achromatic  lens,  and  fig.  55 
the  triple  object-glass,  as  they  are  fitted  up  in 


Fig.  54. 


Fig.  55. 


their  cells,  and  placed  at  the  object-end  of  the 
telescope.  In  consequence  of  their  producing 
a  focal  image  free  of  colour,  they  will  bear  a 
much  larger  aperture  and  a  much  greater 
magnifying  power  than  common  refracting 
telescopes  of  the  same  length.  While  a  com- 
mon telescope  whose  object-glass  is  34  feet 
focal  distance  will  bear  an  aperture  of  scarcely 
one  inch,  the  3  3  feet  achromatic  will  bear  an 
aperture  of  3£  inches,  and  consequently  trans- 
mits 10^  times  the  quantity  of  light.  While 
the  one  can  bear  a  magnifying  power  of  only 
about  36  times,  the  other  will  bear  a  magnify- 
ing power  for  celestial  objects  of  more  than 
200  times. 

The  theory  of  the  achromatic  telescope  is 
somewhat  complicated  and  abstruse,  and  would 
require  a  more  lengthened  investigation  than 
my  limits  will  permit.  But  what  has  been 
already  stated  may  serve  to  give  the  reader  a 
general  idea  of  the  principle  on  which  it  is 
constructed,  which  is  all  I  intended.  The 
term  achromatic,  by  which  such  instruments 
are  now  distinguished,  was  first  given  to  th^-m 
by  Dr.  Bevis.  It  is  compounded  of  two 
Greek  words  which  signify  "  free  of  colour." 
And  were  it  not  that  even  philosophers  are 
not  altogether  free  of  that  pedantry  which 
induces  us  to  select  Greek  words  which  are 
unintelligible  to  the  mass  of  mankind,  they 
might  have  been  contented  with  selecting  the 
plain  English  word  colourless,  which  is  as 
significant  and  expressive  as  the  Greek  word 
achromatic.  The  crown  glass,  of  which  the 
convex  lenses  of  this  telescope  are  made,  is 
the  same  as  good  common  window  glass  ;  and 
the  flint  glass  is  that  species  of  glass  of  which 
wine-glasses,  tumblers,  decanters,  and  similar 
articles  are  formed,  and  is  sometimes  distin- 
guished by  the  name  of  crystal  glass.  Some 


opticians  have  occasionally  formed  the  con- 
cave lens  of  an  achromatic  object-glass  from 
the  bottom  of  a  broken  tumbler. 

This  telescope  was  invented  and  constructed 
by  Mr.  John  Dollond  about  the  year  1758. 
When  he  began  his  researches  into  this  sub- 
ject, he  was  a  silk  weaver  in  Spitalfields, 
London.  The  attempt  of  the  celebrated  Eu- 
ler  to  form  a  colourless  telescope,  by  including 
water  between  two  meniscus  glasses,  attracted 
his  attention,  and  in  the  year  1753  he  ad- 
dressed a  letter  to  Mr.  Short,  the  optician, 
which  was  published  in  the  Philosophical 
Transactions  of  London,  "  concerning  a  mis- 
take in  Euler's  theorem  for  correcting  the 
aberrations  in  the  object-glasses  of  refracting 
telescopes."  After  a  great  variety  of  experi- 
ments on  the  refractive  and  dispersive  powers 
of  different  substances,  he  at  last  constructed 
a  telescope  in  which  an  exact  balance  of  the 
opposite  dispersive  powers  of  the  crown  and 
flint  lenses  made  the  colours  disappear,  while 
the  predominating  refraction  of  the  crown 
lens  disposed  the  achromatic  rays  to  meet  at 
a  distant  focus.  In  constructing  such  object- 
glasses,  however,  he  had  several  difficulties  to 
encounter.  In  the  first  place,  the  focal  dis- 
tance as  well  as  the  particular  surfaces  must 
be  very  nicely  proportioned  to  the  densities  or 
refractive  powers  of  the  glasses,  which  are 
very  apt  to  vary  in  the  same  sort  of  glass 
made  at  different  times.  In  the  next  place, 
the  centres  of  the  two  glasses  must  be  placed 
truly  in  the  common  axis  of  the  telescope, 
otherwise  the  desired  effect  will  be  in  a  great 
measure  destroyed.  To  these  difficulties  is  to 
be  added,  that  there  are  four  surfaces  (even 
in  double  achromatic  object-glasses)  to  be 
wrought  perfectly  spherical;  and  every  per- 
son practised  in  optical  operations  will  allow 
that  there  must  be  the  greatest  accuracy 
throughout  the  whole  work.  But  these  and 
other  difficulties  were  at  length  overcome  by 
the  judgment  and  perseverance  of  this  inge- 
nious artist. 

It  appears,  however,  that  Dollond  was  not 
the  only  person  who  had  the  merit  of  making 
this  discovery — a  private  gentleman,  Mr. 
Chest,  of  Chest  Hall,  a  considerable  number 
of  years  before,  having  made  a  similar  dis- 
covery, and  applied  it  to  the  same  purpose. 
This  fact  was  ascertained  in  the  course  of 
a  process  raised  against  Dollond,  at  the 
instance  of  Watkins,  optician  at  Charing 
Cross,  when  applying  for  a  patent.  But  as 
the  other  gentleman  had  kept  his  invention  a 
secret,  and  Dollond  had  brought  it  forth  for 
the  benefit  of  the  public,  the  decision  was 
given  in  his  favour.  There  was  no  evidence 
that  Dollond  borrowed  the  idea  from  his  com- 
petitor, and  both  were,  to  a  certain  extent,  en- 
titled to  the  merits  of  the  invention. 
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One  of  the  greatest  obstructions  to  the  con- 
struction of  large  achromatic  telescopes  is  the 
difficulty  of  procuring  large  disks  of  flint 
glass  of  a  uniform  refractive  density,  of  good 
colour,  and  tree  from  veins.  It  is  said  that, 
fortunately  for  Mr.  Dollond,  this  kind  of 
glass  was  procurable  when  he  began  to  make 
achromatic  telescopes,  though  the  attempts  of 
ingenious  chemists  have  since  been  exerted  to 
make  it  without  much  success.  It  is  also 
said  that  the  glass  employed  by  Dollond  in 
the  fabrication  of  his  best  telescopes  was  of 
the  same  melting,  or  made  at  the  same  time, 
and  that,  excepting  this  particular  treasure, 
casually  obtained,  good  dense  glass  for  achro- 
matic purposes  was  always  as  difficult  to  be 
procured  as  it  is  now.  The  dispersion  of  the 
flint  glass,  too,  is  so  variable,  that,  in  forming 
an  achromatic  lens,  trials  on  each  specimen 
require  to  be  made  before  the  absolute  pro- 
portional dispersion  of  the  substances  can  be 
ascertained.  It  is  owing  in  a  great  measure, 
to  these  circumstances  that  a  large  and  good 
achromatic  telescope  cannot  be  procured  un- 
less at  a  very  high  price.  Mr.  Tulley,  of  Is- 
lington— who  has  been  long  distinguished  as  a 
maker  of  excellent  achromatic  instruments — 
showed  me,  about  six  years  ago,  a  rude  piece 
of  flint  glass  about  five  inches  diameter,  in- 
tended for  the  concave  lens  of  an  achromatic 
object-glass,  for  which  he  paid  eight  guineas. 
This  was  before  the  piece  of  glass  was  either 
figured  or  polished,  and,  consequently,  he  had 
still  to  perform  the  delicate  operation  of  figur- 
ing, polishing,  and  adjusting  this  concave  to 
the  convex  lenses  with  which  it  was  to  be 
combined;  and,  during  the  process,  some 
veins  or  irregularities  might  be  detected  in  the 
flint  glass  which  did  not  then  appear.  Some 
years  before,  he  procured  a  disk  of  glass  from 
the  Continent,  about  seven  or  eight  inches 
diameter,  for  which  he  paid  about  thirty 
guineas,  with  which  an  excellent  telescope, 
twelve  feet  focal  length,  was  constructed  for 
the  Astronomical  Society  of  London.  It  is 
obvious,  therefore,  that  large  achromatic  tele- 
scopes must  be  charged  at  a  pretty  high  price. 
In  order  to  stimulate  ingenious  chemists  and 
opticians  to  make  experiments  on  this  subject, ' 
the  Board  of  Longitude,  more  than  half  a 
century  ago,  offered  a  considerable  reward  for 
bringing  the  art  of  making  good  flint  glass  for 
optical  purposes  to  the  requisite  perfection. 
But  considerable  difficulties  arise  in  attempt- 
ing improvements  of  this  kind,  as  the  expe- 
riments must  all  be  tried  on  a  very  large  scale, 
and  are  necessarily  attended  with  a  heavy 
expense;  and,  although  government  has 
been  extremely  liberal  in  voting  money  for 
warlike  purposes,  and  in  bestowing  pensions 
on  those  who  stood  in  no  need  of  them,  it  has 
thrown  an  obstruction  in  the  way  of  such  ex- 
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periments,  by  the  heavy  duty  of  excise,  which 
is  rigorously  exacted,  whether  the  glass  be 
manufactured  into  saleable  articles  or  not,  and 
has  thus  been  instrumental  in  retarding  the 
progress  of  improvement  and  discovery.     It 
would   appear  that  experiments  of  this  kind 
have    been    attended  with   more    success  in 
France,  Germany,   and  other  places  on  the 
Continent   than  in  Britain,  as   several  very 
large  achromatic  telescopes  have  been  con- 
structed in  those  countries  by  means  of  flint 
glass,  which  was  cast  for  the  purpose  in  dif- 
ferent manufactories,   and  to  which  British 
artists  have  been  considerably  indebted,  as  the 
London  opticians  frequently  purchase  their 
largest  disks  of  flint  glass  from  Parisian  agents. 
Guinaud,    a    Continental  experimenter,  and 
who  was  originally  a  cabinetmaker,  appears 
to  have  had  his  labours  in  this  department  of 
art  crowned  with  great  success.     Many  years 
were  employed  in  his  experiments,  and  he  too 
frequently,  notwithstanding  all  his  attention, 
discovered  his  metal  to  be  vitiated  by  strise, 
specks,  or  grains,  with  cometic  tails.   He  con- 
structed a  furnace  capable  of  melting  two  cwt. 
of  glass  in  one  mass,  which  he  sawed  verti- 
cally, and  polished  one  of  the  sections,  in  order 
to  observe  what  had  taken  place  during  the 
fusion.     From   time  to  time,  as  he  obtained 
blocks  including  portions  of  good  glass,  his 
practice  was  to  separate  them  by  sawing  the 
blocks  into  horizontal  sections,  or  perpendicu- 
lar to  their  axes.     A  fortunate  accident  con- 
ducted him  to  a  better   process.     While  his 
men  were  one  day  carrying  a  block  of  this 
glass  on  a  handbarrow  to  a  sawmill  which 
he  had  erected  at  the  Fall  of  the  Doubs,  the 
mass  slipped  from'  its  bearers,  and  rolling  to 
the  bottom  of  a  steep  and  rocky  declivity,  was 
broken  to  pieces.     Guinaud  having  selected 
those  fragments  which  appeared  perfectly  ho- 
mogeneous, softened  them  in  circular  moulds 
in  such  a  manner,  that,  on  cooling,  he  obtained 
disks  that  were  afterwards   fit  for  working. 
To  this  method  he  adhered,  and  contrived  a 
way  for  clearing  his  glass  while  cooling,  so 
that  the  fractures  should  follow  the  most  faulty 
parts.     When  flaws  occurred   in    the  large 
masses,,  they  were  removed  by  cleaving  the 
pieces  with  wedges ;  then  smelting  them  again 
in  moulds,  which  gave  them  the    form    of 
disks.     The  Astronomical  Society  of  London 
have  made  trial  of  disks  made  by  Guinaud, 
and   have  found  them  entirely  homogeneous 
and  free  from  fault.     Of  this  ingenious  artist's 
flint    glass    some  of  the   largest  achromatic 
telescopes  on  the  Continent  have  been  con- 
structed.    But  it  is  more  than  twenty  years 
since  this  experimenter  took  his  flight  from 
this   terrestrial    scene,    and    it   is    uncertain 
whether  his  process  be  still  carried  on  with 
equal  success. 
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Njtites  of  sow  large  Achromatic  Telescopes 
on  the  Continent  and  in  Great  Britain. 

1.  The  Dorpat  Telescope. — This  is  one  of 
the  largest  and  most  expensive  refracting  tele- 
scopes ever  constructed.     It  was  made  by  the 
celebrated  Fraunhofer,  of  Munich,  for  the  ob- 
servatory of  the  Imperial  University  of  Dor- 
pat,  and  was  received  into  the  observatory  by 
Professor  Struve,  in  the   year   1825.      The 
aperture  of  the  object-glass  of  this  telescope  is 
9^  English  inches,  and  its  solar  focal  length 
about  14  feet,  the  main  tube  being  13  French 
feet,  exclusive   of  the  tube  which  holds  the 
eyepieces.     The  smallest  of  the  four  magnify- 
ing powers  it  possesses  is  175,  and  the  largest 
700,  which,  in  favourable  weather,  is  said  to 
present  the  object  with  the  utmost  precision. 
"  This  instrument,"  says  Struve,  "  was  sold 
to  us  by  Privy-counsellor  Vox  UTZCHXEIDEH, 
the  chief  of  the  optical  establishment  at  Mu- 
nich, for  10,500  florins  (about  £950  sterling,) 
a  price  which  only  covers  the  expenses  which 
the   establishment   incurred    in  making   it." 
The  framework  of  the  stand  of  this  telescope 
is  of  oak,  inlaid  with  pieces  of  mahogany  in 
an  ornamental  manner,  and  the  tube  is  of  deal 
veneered  with  mahogany  and  highly  polished. 
The  whole  weight  of  the   telescope   and   its 
counterpoises  is  supported  at  one  point,  at  the 
common  centre  of  gravity  of  all  its  parts ;  and 
though   these  weigh  3000    Russian   pounds, 
yet  we  are  told  that  this  enormous  telescope 
may  be  turned  in  every  direction  towards  the 
heavens  with  more  ease  and'  certainty  than 
any  other  hitherto  in  use.     When  the  object 
end  of  the  telescope  is  elevated  to  the  ze- 
nith, it  is  sixteen  feet  four  inches,  Paris  mea- 
sure, above  the  floor,  and  its  eye  end  in  this 
position  is  two  feet  nine  inches  high.     This 
instrument  is  mounted  on  an  equatorial  stand, 
and  clockwork  is   applied  to  the  equatorial 
axis,  which   gives   it  a  smooth  and  regular 
sidereal  motion,  which  it  is  said,  keeps  a  star 
in  the  exact  centre  of  the  field  of  view,  and 
produces  the  appearance  of  a  state  of  rest  in 
the  starry  regions,  which  motion  can  be  made 
solar,  or  even  lunar,  by  a  little  change  given 
to  the  place  of  a  pointer  that  is  placed  as  an 
index  on    the   dial   plate.     Professor  Struve 
considers  the  optical  powers  of  this  telescope 
superior  to  those  of  Schroeter's  twenty-five 
feet  reflector,  from  having  observed  cr  Orionis 
with    fifteen  companions,  though    Schroeter 
observed  only  twelve  that  he  could  count  with 
certainty.     Nay,  he  seems  disposed  to  place 
it  in  competition  with  the  late  Sir  W.  Her- 
schel's  forty-feet  reflector.     The  finder  of  this 
telescope  has  a  focal  distance  of  30    French 
inches,  and  2-42  aperture. 

2.  Sir  James  South's   Telescope. — About 
tlie  year  1829,  Sir  J.  South,  President  of  the 
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London  Astronomical  Society,  procured  of  M. 
Cauchoix,  of  Paris,  an  achromatic  object-glass 
of  11  2-10  inches  clear  aperture,  and  of  19 
feet  focal  length.  The  flint  glass  employed 
in  its  construction  was  the  manufacture  of 
the  late  Guinaud  le  Pere,  and  was  found  to 
be  absolutely  perfect.  The  first  observation 
was  made  with  this  telescope  while  on  a  tem- 
porary stand,  on  Feb.  13,  1830,  when  Sir  J. 
Herschel  discovered  with  it  a  sixth  star  in 
the  trapezium  in  the  nebula  of  Orion,  whose 
brightness  was  about  one  third  of  that  of  the 
fifth  star  discovered  by  Struve,  which  is  as 
distinctly  seen  as  the  companion  to  Polaris  is 
in  a  five  feet  achromatic.  Sir  James  gives  the 
following  notices  of  the  performance  of  this 
instrument  on  the  morning  of  May  14,  1830. 
"At  half  past  two  placed  the  20  feet  achro- 
matic on  the  Georgiurn  Sidus,  saw  it  with  a 
power  of  346.  a  beautiful  planetary  disk ;  not 
the  slightest  suspicion  of  any  ring,  either  per- 
pendicular or  horizontal ;  but  the  planet  three 
hours  east  of  the  meridian,  and  the  moon 
within  three  degrees  of  the  planet.  At  a 
quarter  before  three,  viewed  Jupiter  with 
252  and  346.  literally  covered  with  belts,  and 
the  diameters  of  his  satellites  might  have 
been  as  easily  measured  as  himself.  One 
came  from  behind  the  body,  and  the  contrast 
of  the  colour  with  that  of  the  planet's  limb 
was  striking.  At  three  o'clock,  viewed  Mars. 
The  contrast  of  light  in  the  vicinity  of  the 
poles  very  decided.  Several  spots  on  his  body 
well  and  strongly  marked ;  that  about  the 
south  pole  seems  to  overtake  the  body  of  the 
planet,  and  gives  an  appearance  not  unlike 
that  afforded  by  the  new  moon,  familiarly 
known  as  '  the  old  moon  in  the  moon's  arms.' " 
Saturn  has  been  repeatedly  seen  with  powers 
from  130  to  928,  under  circumstances  the 
most  favourable  ;  but  not  any  thing  anomalous 
about  the  planet  or  its  ring  could  even  be 
suspected.  This  telescope  is  erected  on  an 
equatorial  stand,  at  Sir  J.  South's  observatory, 
Kensington. 

3.  Captain  Smyth's  Telescope  in  his  pri- 
vate observatory  at  Bedford. — This  achro- 
matic telescope  is  8|  feet  focal  length,  with  a 
clear  aperture  of  5  9-10  inches,  worked  by  the 
late  Mr.  Tulley,  senior,  from  a  disk  purchased 
by  Sir  James  South  at  Paris.  It  is  considered 
by  Captain  Smyth  to  be  the  finest  specimen 
of  that  eminent  optician's  skill,  and,  it  is  said, 
will  bear  with  distinctness  a  magnifying  power 
of  1200.  Its  distinctness  has  been  proved  by 
the  clear  vision  it  gives  of  the  obscure  nebulse, 
and  of  the  companions  of  Polaris,  Rigef, 
a  Lyrse,  and  the  most  minute  double  stars — the 
lunar  mountains,  cavities,  and  shadows  under 
all  powers — the  lucid  polar  regions  of  Mars — 
the  sharpness  of  the  double  ring  of  Saturn — 
the  ffibbous  aspect  of  Venus— the  shadows  of 
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Jupiter's  satellites  across  his  body,  and  the 
splendid  contrast  of  colours  in  a  Hercules, 
y  Andromeda?,  and  other  superb  double  stars. 

Other  large  Achromatlcs. — Besides  the 
above,  the  following,  belonging  to  public  ob- 
servatories and  private  individuals,  may  be 
mentioned.  In  the  Royal  Observatory  at 
Greenwich  there  is  an  achromatic  of  10  feet 
focal  distance,  having  a  double  object-glass  5 
inches  diameter,  which  was  made  by  Mr. 
Peter  Dollond,  and  the  only  one  of  that  size 
he  ever  constructed.  There  is  also  a  46  inch 
achromatic,  with  a  triple  object-glass  3£  inches 
aperture,  which  is  said  to  be  the  most  perfect 
instrument  of  the  kind  ever  produced.  It  was 
the  favourite  instrument  of  Dr.  Maskelyne, 
lute  astronomer  royal,  who  had  a  small  room 
fitted  up  in  the  observatory  for  this  telescope. 
The  observatory  some  years  ago  erected  near 
Cambridge  is,  perhaps,  the  most  splendid 
structure  of  the  kind  in  Great  Britain.  It  is 
furnished  with  several  very  large  achromatic 
telescopes  on  equatorial  machinery;  but  the 
achromatic  telescope  lately  presented  to  it  by 
the  Duke  of  Northumberland  is  undoubtedly 
the  largest  instrument  of  this  description 
which  is  to  be  found  in  this  country.  The 
object-glass  is  said  to  be  25  feet  focal  distance, 
and  of  a  corresponding  diameter ;  but  as  there 
was  no  access  to  this  instrument  at  the  time  I 
visited  the  observatory,  nearly  six  years  ago, 
I  am  unable  to  give  a  particular  description 
of  it.  In  the  Royal  Observatory  at  Paris, 
which  I  visited  in  1837,  I  noticed,  among 
other  instruments,  two  very  large  achromatic 
telescopes,  which,  measuring  them  rudely  by 
the  eye,  I  estimated  to  be  from  15  to  18  feet 
long,  and  the  aperture  at  the  object  end  from 
12  to  15  inches  diameter.  They  were  the 
largest  achromatics  I  had  previously  seen ;  but 
I  could  find  no  person  in  the  observatory  at 
that  time  who  could  give  me  any  information 
as  to  their  history,  or  to  their  exact  dimen- 
sions or  powers  of  magnifying.* 

The  Rev.  Dr.  Pearson,  Treasurer  to  the 
Astronomical  Society  of  London,  is  in  posses- 
sion of  the  telescope  formerly  alluded  to,  made 
by  Mr.  Tulley,  of  twelve  feet  focal  distance 
and  seven  inches  aperture,  which  is  said  to  be 
a  very  fine. one.  The  small  star  which  ac- 
companies the  pole-star,  with  a  power  of  100, 
appears  through  this  telescope  as  distinct  and 
steady  as  one  of  Jupiter's  satellites.  With  a 
single  lens  of  6  inches  focus,  which  produced 
a  power  of  24  times,  according  to  the  testimony 
of  an  observer  who  noticed  it,  the  small  star 
appeared  as  it  does  in  an  achromatic  of  3  inches 
aperture,  which  shows  the  great  effect  of  illu- 

*  An  achromatic  telescope  is  said  to  he  in  pos- 
session of  Mr.  Cooper,  M.P.  for  Sligo,  which  is  26 
feet  long,  and  the  diameter  of  the  object-glass  14 
inches. 
(810) 


minating  power  in  such  instruments.  Mi. 
Lawson,  a  diligent  astronomical  observer  in 
Hereford,  possesses  a  most  beautiful  achro- 
matic telescope  of  about  7  inches  aperture 
and  12  feet  focal  distance,  which  was  made 
by  one  of  the  Dollonds,  who  considered  it  as 
his  chef  d'ceuvre.  It  is  said  to  bear  powers 
as  high  as  1100  or  1400,  and  has  been  fitted 
up  with  mechanism,  devised  by  Mr.  Lawson 
himself,  so  as  to  be  perfectly  easy  and  manage- 
able to  the  observer,  and  which  displays  this 
gentleman's  inventive  talent.  In  several  of 
his  observations  with  this  instrument,  he  is 
said  to  have  had  a  view  of  some  of  the  more 
minute  subdivisions  of  the  ring  of  Saturn.  A 
very  exellent  achromatic  telescope  was  fitted 
up  some  years  ago  by  my  worthy  friend 
William  Bridges,  Esq.,  Blackheath.  Its  ob- 
ject-glass is  5^  inches  diameter,  and  about 
5^  feet  focal  length.  It  is  erected  upon  equa- 
torial machinery,  and  placed  in  a  Circular 
observatory  which  moves  round  with  a  slight 
touch  of  the  hand.  The  object-glass  of  this 
instrument  cost  about  200  guineas ;  the  equa- 
torial machinery  on  which  it  is  mounted  cost 
150  guineas;  and  the  circular  observatory  in 
which  it  is  placed  about  100  guineas,  in  all 
450  guineas.  Its  powers  vary  from  50  to  300 
times.j- 

Achromatic  Telescopes  of  a  moderate  size. 
Such  telescopes  as  I  have  alluded  to  above 
are  among  the  largest  which  have  yet  been 
made  on  the  achromatic  principle;  they  are, 
of  course,  comparatively  rare,  and  can  be 
afforded  only  at  a  very  high  price.  Few  of 
the  object-glasses  in  the  telescopes  to  which  I 
have  referred  would  be  valued  at  less  than 
200  guineas,  independently  of  the  tubes,  eye- 
pieces, and  other  apparatus  with  which  they 
are  fitted  up.  It  is  so  difficult  to  procure 
large  disks  of  flint  glass  for  optical  purposes, 
to  produce  the  requisite  curves  of  the  different 
lenses,  and  to  combine  them  together  with 
that  extreme  accuracy  which  is  requisite,  that, 
when  a  good  compound  lens  of  this  descrip- 
tion is  found  perfectly  achromatic,  the  opti- 
cian must  necessarily  set  a  high  value  upon 
it,  since  it  may  happen  that  he  may  have 
finished  half  a  dozen  before  he  has  got  one 
that  is  nearly  perfect.  The  more  common 
sizes  of  achromatic  telescopes  for  astronomical 
purposes,  which  are  regularly  sold  by  the 
London  opticians,  are  the  following : 

1.  The  2£  feet  Achromatic.— This  tele- 
scope has  an  object-glass  30  inches  in  focal 
length,  and  2  inches  clear  aperture.  It  is 
t  This  telescope,  which  was  made  by  Dollond, 
with  a  power  of  210  times,  gives  a  beautiful  view 
of  the  belts  of  Jupiter,  and  the  double  ring  of  Sa, 
turn,  and  with  a  power  of  50  the  stars  in  the  milky- 
way  and  some  of  the  nebulse  appear  very  numerous 
and  brilliant.  Its  owner  is  a  gentleman  who  unite* 
science  with  Christianity. 
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generally  furnished  with  two  eyepieces,  one 
for  terrestrial  objects,  magnifying  about  30  or 
35  limes,  and  one  for  celestial  objects,  with  a 
power  of  70  or  75  times.  It  might  be  fur- 
nished with  an  additional  astronomical  eye- 
piece, if  the  object-glass  be  a  good  one,  so  as 
to  produce  a  power  of  90  or  95  times.  With 
such  a  telescope,  the  belts  and  satellites  of 
Jupiter,  the  phases  of  Venus,  and  the  ring  of 
Saturn  may  be  perceived,  but  not  to  so  much 
advantage  as  with  larger  telescopes.  It  is 
generally  fitted  up  either  with  a  mahogany  or 
a  brass  tube,  and  is  placed  upon  a  tripod  brass 
stand,  with  a  universal  joint  which  produces 
i  horizontal  and  vertical  motion.  It  is  packed, 
along  with  the  eyepieces  and  whatever  else 
belongs  to  it,  in  a  neat  mahogany  box.  Its 
price  varies  according  as  it  is  furnished  with 
in  elevating  rack  or  other  apparatus. 

The  following  are  the  prices  of  this  instru- 
ment, as  marked  in  the  catalogue  of  Mr. 
Pulley,  Terrell's  Court,  Islington,  London. 

£    s.  d. 

2 1  feet  telescopes,  brass  mounted 
on  plain  pillar  and  claw  stand,  with 
1  eyepiece  for  astronomical  pur- 
poses and  1  for  land  objects,  lo  vary 
the  magnifying  power,  packed  in  a 
mahogany  box  .  .  .  .  10  10  0 

Ditto,  ditto,  brass  mounted  on 
pillar  and  claw  stand,  with  ele- 
vating rack,  1  eyepiece  for  as,tro- 
nomical  purposes,  and  1  for  land 
objects,  to  vary  the  magnifying 
power,  packed  in  a  mahogany  box  12  12  0 

The  following  prices  of  the  same  kind  of 
telescope  are  from  the  catalogue  of  Messrs. 
W.  and  S.  Jones,  30  Lower  Holborn,  London. 

£   s.  d. 

The  improved  2£  feel  achromalic 
refractor,  on  a  brass  stand,  ma- 
hogany tube,  with  three  eyepieces, 
two  magnifying  about  40  and  50 
times  for  terrestrial  objects,  and  the 
other  about  75  times  for  astronomi- 
cal purposes,  in  a  mahogany  case  10  10  0 

Ditto,  ditto,  the  tube  all  brass, 
with  .three  eyepieces  .  .  .  11110 

Ditto,  ditto,  with  vertical  and 
horizontal  rack-work  motions  .  15  15  0 

2.  The  3£  feet  Achromatic  Telescope. — 
The  object-glass  of  this  telescope  is  from  44 
to  46  inches  focal  length,  and  2f  inches  diame- 
ter. It  is  generally  furnished  with  four  eye- 
pieces, two  for  terrestrial  and  two  for  celestial 
objects.  The  lowest  power  for  land  objects  is 
generally  about  45,  which  affords  a  large  field 
of  view,  and  exhibits  the  objects  with  great 
brilliance.  The  other  terrestrial  power  is 
usually  from  65  to  70.  The  astronomical 
powers  are  about  80  and  130 ;  but  such  a 


telescope  should  always  have  another  eye- 
piece, to  produce  a  power  of  180  or  200 
times,  which  it  will  bear  with  distinctness,  in 
a  serene  state  of  the  atmosphere,  if  the  object- 
-glass be  truly  achromatic.  The  illuminating 
power  in  this  telescope  is  nearly  double  that 
of  the  2^  feet  telescope,  or  in  the  proportion 
of  7.56  to  4,  and  therefore  it  will  bear  about 
double  the  magnifying  power  with  nearly 
equal  distinctness.  This  telescope  is  fitted 
up  in  a  manner  somewhat  similar  to  the 
former,  with  a  tripod  stand  which  is  placed 
upon  a  table.  Sometimes,  however,  it  is 
mounted  on  a  long  mahogany  stand  which 
rests  upon  the  floor  (as  in  fig.  58,)  and  is 
fitted  with  an  equatorial  motion;  and  has 
generally  a  small  telescope  fixed  near  the  eye 
end  of  the  large  tube,  called  a  finder,  which 
serves  to  direct  the  telescope  to  a  particular 
object  in  the  heavens  when  the  higher  powers 
are  applied.  It  is  likewise  eligible  that  it 
should  have  an  elevating  rack  and  sliding 
tubes,  for  supporting  the  eye  end  of  the  in- 
strument, to  keep  it  steady  during  astronomi- 
cal observations,  and  it  would  be  an  advan- 
tage, for  various  purposes  which  shall  be 
afterward  described,  to  have  fitted  to  it  a 
diagonal  eyepiece  magnifying  40  times  or 
upward. 

The  prices  of  this  instrument,  as  marked  in 
Mr.  Tulley's  catalogue,  arc  as  follows  : 

£    s.  d. 

The  3^  feet  achromatic  telescope, 
2|  inches  aperture,  on  plain  pillar 
and  claw  stand,  2  eyepieces  for 
astronomical  purposes  and  1  for 
land  objects,  lo  vary  ihe  magnify- 
ing power,  packed  in  a  mahogany 
box 21  0  0 

Ditto,  ditto,  with  elevating  rack 
and  achromatic  finder,  2  eyepieces 
for  astronomical  purposes  and  1 
for  day  objects,  to  vary  the  magni- 
fying power,  packed  in  a  mahogany 
box 26  5  0 

The  following  are  the  prices  as  marked  in 
Messrs.  W.  and  S.  Jones's  catalogue : 

£    s.   d. 

The  3^  feet  achromatic,  plain 
mahogany  tube  .  .  .  .  18  18  0 

Ditto,  ditto,  brass  tube       .         .     21     0  0 

Ditto,  all  in  brass,  with  rack- 
work  motions,  &c.  .  .  .  26  5  0 

Ditto,  the  object-glass  of  the 
largest  aperture,  and  the  rack -work 
molions  on  an  improved  princi- 
ple .  .  from  £37  16s.  to  42  00 

Ditto,  fitted  up  with  equatorial 
motion,  framed  mahogany  stand, 
divided  altitude  and  azimuth  arches, 
or  declination  and  right  ascension 
circles,  &c.,  &c.,  from  £60  to  80  00 

(811) 
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This  is  the  telescope  which  I  would  par- 
ticularly recommend  to  astronomical  amateurs, 
whose  pecuniary  resources  do  not  permit 
them  to  purchase  more  expensive  instruments. 
When  fitted  up  with  the  eyepieces  and  powers* 
already  mentioned,  and  with  a  finder  and  ele- 
vating rack — price  25  guineas — it  will  serve 
all  the  purposes  of  general  observation.  By 
this  telescope  satisfactory  views  may  be  ob- 
tained of  most  of  the  interesting  phenomena 
of  the  heavens — such  as  the  spots  on  the  sun 
— the  mountains,  vales,  and  caverns  on  the 
lunar  surface — the  phases  of  Mercury  and 
Venus — the  spots  on  Mars — the  satellites  and 
belts  of  Jupiter — the  ring  of  Saturn — many 
of  the  more  interesting  nebulae,  and  most  of 
the  double  stars  of  the  second  and  third 
classes.  When  the  object-glass  of  this  tele- 
scope is  accurately  figured  and  perfectly 
achromatic,  a  power  of  from  200  to  230  may 
be  put  upon  it,  by  which  the  division  of 
Saturn's  ring  might  occasionally  be  perceived. 
It  is  more  easily  managed,  and  represents  ob- 
jects considerably  brighter  than  reflecting  tele- 
scopes of  the  same  price  and  magnifying 
power,  and  it  is  not  so  apt  to  be  deranged  as 
reflectors  generally  are.  A  telescope  of  a  less 
size  would  not,  in  general,  be  found  satisfac- 
tory for  viewing  the  objects  I  have  now  speci- 
fied, and  for  general  astronomical  purposes.  It 
may  not  be  improper,  for  the  information  of 
some  readers,  to  explain  what  is  meant  in  Mr. 
Tulley's  catalogue  when  it  is  stated  that  this 
instrument  "  has  one  eyepiece  for  day  objects, 
to  vary  the  magnifying  power"  The  eye- 
piece alluded  to  is  so  constructed,  that  by 
drawing  out  a  tube  next  the  eye  you  may  in- 
crease the  power  at  pleasure,  and  make  it  to 
vary  say  from  40  to  80  or  100  times ;  so  that 
such  a  construction  of  the  terrestrial  eyepiece 
(to  be  afterward  explained)  serves,  in  a  great 
measure,  the  purpose  of  separate  eyepieces. 
The  whole  length  of  the  3£  feet  telescope, 
when  the  terrestrial  eyepiece  is  applied,  is 
about  4^  feet  from  the  object-glass  to  the  first 
eyeglass. 

When  the  aperture  of  the  object-glass  of 
this  telescope  exceeds  2£  inches,  its  price 
rapidly  advances. 

The  following  is  Mr.  Tulley's  scale  of 
prices,  proportionate  to  the  increase  of  aper- 
ture: 

£    s.   d. 

3^  feet  telescopes,  3  J  inches  aper- 
ture, with  vertical  and  horizontal 
rack-work  motions,  achromatic 
finder,  3  eyepieces  for  astronomi- 
cal purposes,  and  one  for  day  ob- 
jects, to  vary  the  magnifying  power, 
packed  in  a  mahogany  box  .  42  0  0 

Ditto,  ditto,  3|  inches  diameter, 
mounted  as  above         .         .         .     68     5  0 
(812) 


£    s.   d 

Ditto,  with  universal  equatorial 
instead  of  pillar  and  claw  stand  .  84  0  0 

Here,  in  the  one  case,  the  increase  of  half 
an  inch  in  the  diameter  of  the  object-glass 
adds  about  £16  to  the  expense,  and  in  the 
other  case  no  less  than  £26  5s.  The  propor- 
tion 01  light  in  those  two  telescopes,  compared 
with  that  of  2^  inches  aperture,  is  as  follows: 
The  square  of  the  2^  object-glass  is  7.56 ; 
that  of  3^,  10.56  ;  and  that  of  the  3|,  14.06  ; 
so  that  the  light  admitted  by  the  3^  com- 
pared with  the  2|  aperture  is  nearly  as  10  to 
7 ;  and  the  light  admitted  by  the  3|  object- 
glass  is  nearly  double  that  of  the  2f  aperture, 
and  will  bear  nearly  a  proportional  increase  of 
magnifying  power. 

3.  The  5  feet  Achromatic  Telescope. — 
The  focal  length  of  the  object-glass  of  this 
telescope  is  5  feet  3  inches,  and  the  diameter 
of  its  aperture  3  8-10  inches.  The  usual 
magnifying  powers  applied  to  it  are,  for  land 
objects  65  times,  and  for  celestial  objects  110, 
190,  250,  and  sometimes  one  or  two  higher 
powers.  The  quantity  of  light  it  possesses  is 
not  much  larger  than  that  of  the  3^  feet  tele- 
scope, with  3f  inches  aperture  ;  but  the  larger 
focal  length  of  this  telescope  is  considered  to 
be  an  advantage,  since  the  longer  the  focus  of 
the  object-glass,  the  less  will  be  its  chromatic 
and  spherical  aberrations,  and  the  larger  may 
be  the  eyeglasses,  and  the  flatter  the  field  of 
view. 

The  following  are  the  prices  of  these  tele- 
scopes, as  marked  in  Mr.  Tulley's  catalogue : 

£    s.   d. 

5  feet  telescopes,  3|  inches  aper- 
ture, on  a  universal  equatorial  stand, 
with  achromatic  finder,  4  eye- 
pieces for  astronomical  purposes 
and  1  for  day  objects,  to  vary  the 
magnifying  power,  packed  in  a 
mahogany  box  100  guineas  to  157  10  0 

7  feet  ditto,  5  inches  aperture, 
on  a  newly  improved  universal 
equatorial  stand,  6  eyepieces  for 
astronomical  purposes  and  1  for 
day  objects,  to  vary  the  magnifying 
power,  with  achromatic  finder  and 
Troughton's  micrometer  .  .  207  5  0 

The  above  are  all  the  kinds  of  achromatic 
telescopes  generally  made  by  the  London  op- 
ticians. Those  of  the  larger  kind,  as  5  and  7 
feet  telescopes,  and  the  3£  feet  with  3J  inches 
aperture,  are  generally  made  to  oider,  and  are 
not  always  to  be  procured.  But  the  2^  and 
3£  feet  achromatics  of  2^  inches  aperture  are 
generally  to  be  found  ready  made  at  most  of 
the  opticians'  shops  in  the  metropolis.  The 
prices  of  these  instruments  are  nearly  the 
same  in  most  of  the  opticians'  shops  in  Lon 
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don.     Some  of  them  demand  a  higher  price,  is  furnished  with  an  apparatus  for  equatorial 

but  few  of  them  are  ever  sold  lower  than  what  motions.     The   brass  pin   is  made  to  move 

has  been  stated,  unless  in  certain  cases  where  round    in  the  brass  socket  Z>,   and  may  be 

a  discount  is  allowed.  tightened  by  means  of  the   finger  screw  d, 

The  stands  for  these  telescopes,  and  the  when  the  telescope  is  directed  nearly  to  the 

manner  in  which  they  are  fitted  up  for  ob-  object  intended  to  be  viewed.     This  socket 

servation,  is  represented  in  figures  57,  58,  and  may  be  set  perpendicular  to  the  horizon,  or  to 

59.     Fig.  fir  represents  either  the  2£  or  the  any  other  required  angle;  and  the  quantity 

Fig  57  Fig.  58. 
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3£  feet  telescopes,  mounted  on  a  plain  brass 
stand,  to  be  placed  on  a  table,  A  is  the  long 
eyepiece  for  land  objects,  and  B  the  small 
eyepiece  for  astronomical  observation,  which 
is  composed  of  two  lenses,  and  represents  the 
object  in  an  inverted  position.  These  eye- 
pieces are  screwed  on,  as  occasion  requires,  at 
E,  the  eye  end  of  the  telescope.  The  shorter 
of  the  two  astronomical  eyetubes  which  ac- 
company this  telescope  produces  the  highest 
magnifying  power.  For  adjusting  the  tele- 
scope to  distinct  vision,  there  is  a  brass  knob 
or  button  at  a,  which  moves  a  piece  of  rack- 
work  connected  with  the  eyetube,  which  must 
be  turned  either  one  way  or  the  other  till  the 
object  appears  distinctly,  and  different  eyes 
frequently  require  a  different  adjustment. 

Fig.  58  represents  a  5  feet  telescope  fitted 
up  for  astronomical  observations.  It  is 
mounted  on  a  mahogany  stand,  the  three  legs 
of  which  are  made  to  close  up  together  by 
means  of  the  brass  frame  a  a  a,  which  is 
composed  of  three  bars,  connected  with  three 
joints  in  the  centre,  and  three  other  joints, 
connected  with  the  three  mahogany  bars.  It 


of  the  angle  is  ascertained  by  the  divided  arc, 
and  the  instrument  made  fast  in  that  position 
by  the  screw  e.  If  this  socket  be  set  to  the  lati- 
tude of  the  place  of  observation,  and  the  plane  of 
this  arc  be  turned  so  as  to  be  in  the  plane  of  the 
meridian,  the  socket  b  being  fixed  to  the  in- 
clination of  the  pole  of  the  earth,  the  tele- 
scope, when  turned  in  this  socket,  will  have 
an  equatorial  motion,  so  that  celestial  objects 
may  be  always  kept  in  view  when  this  equa- 
torial motion  is  performed.  The  two  handles 
at  k,  are  connected  with  rack-work,  intended 
to  move  the  telescope  in  any  required  direc- 
tion. The  two  sets  of  brass  sliding  rods,  i  t, 
are  intended  to  render  the  telescope  as  steady 
as  possible,  and  to  elevate  and  depress  it  at 
pleasure,  and  are  so  constructed  as  to  slide 
into  each  other  with  the  utmost  ease. 

The  finder  is  placed  at  A  E,  either  on  the 
top  or  the  left  side  of  the  tube  of  the  telescope. 
When  high  magnifying  powers  are  applied 
to  any  telescope,  it  is  sometimes  difficult,  on 
account  of  the  smallness  of  the  field  of  view, 
to  direct  the  main  tube  of  the  telescope  to  the 
object.  But  the  finder,  which  is  a  telescope 
with  a  small  power,  and  consequently  has  a 
large  field  of  view,  when  directed  to  any  ob- 
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ject,  it  is  easily  found,  and  being  brought  to 
the  centre  of  the  field,  where  two  cross-hairs 
intersect  each  other,  it  will  then  be  seen  in 
the  larger  telescope.  B  is  the  eyetube  for 
terrestrial  objects,  containing  four  glasses,  and 
C  one  of  the  astronomical  eyepieces.  A 
socket  is  represented  at  g,  containing  a  stained 
glass,  which  is  screwed  to  any  of  the  eye- 
pieces, to  protect  the  eye  from  the  glare  of 
light,  when  viewing  the  spots  of  the  sun. 
The  brass  nut  above  f  is  intended  for  the  ad- 
justment of  the  eyepiece  to  distinct  vision. 
The  3£  feet  telescope  is  sometimes  mounted 
in  this  form. 

Fig.  59  represents  a  5  or  6  feet  telescope, 

Fig.  59. 


mounted  on  a  stand  of  a  new  construction  by 
Dollond.  It  possesses  the  advantage  of  sup- 
porting the  telescope  in  two  places,  which 
renders  it  extremely  steady,  a  property  of 
great  importance  when  viewing  celestial  ob- 
jects with  high  magnifying  powers.  It  pos- 


sesses, likewise,  the  advantage  of  enabling 
the  observer  to  continue  seated  at  the  same 
height  from  the  floor,  although  the  telescope 
be  raised  to  any  altitude,  the  elevation  being 
entirely  at  the  object  end,  although  it  may 
be  changed  from  the  horizon  to  the  zenith. 
The  framework  is  composed  of  bars  of  maho- 
gany, and  rests  on  three  castors,  two  of  which 
are  made  fast  to  their  respective  legs  in  the 
usual  way,  and  the  third  stands  under  the 
middle  of  the  lower  horizontal  bar  that  con- 
nects the  two  opposite  legs,  so  that  the  frame 
has  all  the  advantages  of  a  tripod.  As  it  be- 
comes very  inconvenient  to  stoop  to  the  eye 
end  of  a  telescope  when  the  altitude  of  an 
object  is  considerable,  and  the  centre  of  motion 
at  the  middle  of  the  tube,  this  construction  of 
a  stand  serves  to  remedy  such  inconvenience. 

Proportions  of  Curvature  of  the  Lenses 
which  form  an  achromatic  Object-glass. 
As  some  ingenious  mechanics  may  feel  a 
desire  to  attempt  the  construction  of  a  com- 
pound achromatic  object-glass,  I  shall  here 
state  some  of  the  proportions  of  curvature  of 
the  concave  and  convex  lenses  which  serve  to 
guide  opticians  in  their  construction  of  achro- 
matic instruments.  These  proportions  are 
various ;  and  even  when  demonstrated  to  be 
mathematically  correct,  it  is  sometimes  diffi- 
cult to  reduce  them  to  practice,  on  account  of 
the  different  powers  of  refraction  and  disper- 
sion possessed  by  different  disks  of  crown  and 
flint  glass,  and  of  the  difficulty  of  producing 
by  mechanical  means  the  exact  curves  which 
theory  requires.  The  following  table  shows 
the  radi  of  curvature  of  the  different  surfaces 
of  the  lenses  necessary  to  form  a  double 
achromatic  object-glass,  it  being  supposed  that 
the  sine  of  refraction  in  the  crown-glass  is  as 
1.528  to  1,  and  in  the  flint  as  1.5735  to  1, 
the  ratio  of  their  dispersive  powers  being  as 
1  to  1.524.  It  is  also  assumed  that  the  cur- 
vatures of  the  concave  lens  are  as  1  to  2,  that 
is,  that  the  one  side  of  this  lens  is  ground  on 
a  tool,  the  radius  of  which  is  double  that  of 
the  other.  The  1st  column  expresses  the 
compound  focus  of  the  object-glass  in  inches  ; 
the  2d  column  states  the  radius  of  the  anterior 
surface  of  the  crown,  and  column  3d  its  pos- 
terior side.  Column  4th  expresses  the  radius 
of  the  anterior  surface  of  the  concave  lens,  and 
column  5th  its  posterior  surface,  which,  it  will 
be  observed,  is  exactly  double  that  of  the  other : 
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Focus  in 
inches. 

Radius  of  anterior 
surface,  convex. 

Radius  of  posterior 
surface. 

Radius  of  anterior 
surface,  concave. 

Radius  of  posterior 
surface. 

12 
24 
30 
36 
48 
60 
120 

Inc.      Dec. 

3 
6 
7.      5 
9 
12 
15 
30 

Inc.       Dec. 
4.      652 
9.       304 
11.      63 
13.      956 
18.       608 
23.      260 
46.      520 

IDC.        Ore. 
4.        171 
8.       342 
10.      428 
12.      513 
16.      684 
20.      856 
41.      712 

Inc.       Dec. 
8.        342 
16.      684 
20.      856 
25.      027 
33.      369 
41.      712 
83.      424 
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Fiom  the  preceding  table  it  will  be  seen  that,  concave  is  less  than  the  posterior  side  of  the 

to  construct,  for  example,  a  30  inch  compound  convex,  and  consequently  admits  of  its  ap- 

object-glass,  the  radius  of  the  anterior  side  of  proach,  without  touching  in  the   centre — a 

the  crown  must  be  7£  inches,  and  that  of  the  circumstance  which  always  requires   to    be 

posterior  side  11.63  inches;  the  radius  of  the  guarded  against  in  the  combination  of  achro- 

anterior  surface  of  the  concave  10.428,  and  matic  glasses.     The    following   table  shows 

that  of  the  posterior  20.856  inches.     It  may  the  radii  of  curvature  of  the  lenses  of  a  triple 

be  proper  to  observe,  that  in  these  computa-  object-glass,  calculated  from  formula  deduced 

tions,  the  radius  of  the  anterior  surface  of  the  by  Dr.  Robison,  of  Edinburgh : 


Focal 
length. 

Convex  leas  of  crown  glass. 

Concave  lens  of  flint  glass. 

Convex  lens  of  crown  glass. 

Inches. 

Inc.     Dec.           Inc.     Dec. 

Inc.     Dec. 

Inc.     Dec. 

Inc.     Dec. 

Inc.     Dec. 

6 

4.    54 

3.    03 

3.     03 

6.     36 

6.    36 

.     64 

9 

6.    83 

4.    56 

4.    56 

9.     54 

9.    54 

.     92 

12 

9.    25 

6.     17 

6.     17 

12.    75 

12.    75 

1.     28 

18 

13.    67 

9.     12 

9.     12 

19.    08 

19.    08 

1.     92 

24 

18.    33 

12.    25 

12.    25 

25.     50 

25.    50 

2.     56 

30 

22.     71 

15.     16 

15.     16 

31.    79 

31.    79 

3.     20 

36 

27.    33 

18,    25 

18.    25 

38.     17 

38.     17 

3.     84 

42 

31.    87 

21.    28 

21.    28 

44.    53 

44.    53 

4.    48 

48 

36.    42 

24.    33 

24.     33 

50.     92 

50.     92 

6.     12 

54 

40.     96 

27.    36 

27.    36 

57.    28 

57.    28 

5.    76 

60 

45.    42 

30.    33 

30.    33 

63.    58 

63.    58 

6.     4 

The  following  table  contains  the  proportions  of  curvature  said  to  be  employed  by  the  Lon- 
don opticians : 


Focal 
length. 

Convex  of  crown  glass. 

Radius  of  both  the  surfaces 
of  the  concave  of  flint  glass. 

Convex  lens  of  crown  glass. 

Inches. 

Inc.     l)«c. 

Inc.     Dec. 

Inc.    Dec. 

Inc.    Dec. 

Inc.     Dec. 

6 

3.     77 

4.     49 

3.     47 

3.     77 

4.     49 

9 

5.     65 

6.     74 

5.     21 

5.     65 

6.    74 

12 

7.    54 

8.     99 

6.     95 

7.     54 

8.     99 

18 

11.     30 

13.    48 

10.     42 

11.    30 

13.    48 

24 

15.     08 

17.    98 

13.    00 

15.    08 

17.     98 

36 

22.     61 

26.     96 

20.     84 

22.     61 

26.     96 

42 

26.     38 

31.    45 

24.     31 

26.    38 

31.     45 

48 

30.     16 

35.     96 

27.     80 

30.     16 

35.     96 

54 

33.     91 

40.    45 

31.    27 

33.    91 

40.     45 

60 

37.     68 

44.     94 

34.    74 

37.    68 

44.     94 

From  this  table  it  appears  that  the  two 
convex  lenses  have  the  same  radii  of  their  re- 
spective sides,  and  that  the  concave  flint  lens 
has  its  two  surfaces  equally  concave,  so  that 
a  triple  object-glass  formed  according  to  these 
proportions  would  require  only  three  pair  of 
grinding  tools.  The  following  are  the  curves 
of  the  lenses  of  one  of  the  best  of  Dollond's 
achromatic  telescopes,  the  focal  length  of  the 
compound  object-glass  being  46  inches. 
Reckoning  from  the  surface  next  the  object, 
the  radii  of  the  crown  glass  were  28  and  40 
inches ;  the  concave  lens  20.9  inches,  and  the 
inn<  r  crown  glass  lens  28.4  and  28.4  inches. 
This  telescope  carried  magnifying  powers  of 
from  100  to  200  times. 

Although  I  have  inserted  the  above  tables, 
which  might,  in  some  measure,  guide  an  in- 
genious artist,  yet,  on  the  whole,  a  private 
amateur  has  little  chance"  in  succeeding  in 
such  attempts.  The  diversity  of  glasses,  and 
the  uncertainty  of  an  unpractised  workman's 
producing  the  precise  curvature  he  intends, 
is  so  great,  that  the  object-glass,  for  the  most 
part,  turns  out  different  from  his  expectations. 
The  great  difficulty  in  the  construction  is  to 


find  the  exact  proportion  of  the  dispersive 
powers  of  the  crown  and  flint  glass.  The 
crown  is  pretty  constant,  but  there  are  hardly 
two  pots  of  flint  glass  which  have  the  same 
dispersive  power.  Even  if  constant,  it  is 
difficult  to  measure  it  accurately;  and  an 
error  in  this  greatly  affects  the  instrument, 
because  the  focal  distances  of  the  lenses  must 
be  nearly  as  their  dispersive  powers.  In  the 
two  preceding  tables,  the  sine  of  incidence  in 
the  crown  glass  is  supposed  to  be  to  the  sine 
of  refraction  as  1.526  to  1 ;  and  in  the  flint 
glass,  as  1.604  to  1.  Opticians  who  make 
great  numbers  of  lenses,  both  of  flint  and 
crown  glass,  acquire,  in  time,  a  pretty  good 
guess  of  the  nature  of  the  errors  which  may 
remain  after  they  have  finished  an  object- 
glass  ;  and  having  many  lenses  intended  to  be 
of  the  same  form,  but  unavoidably  differing  a 
little  from  it,  they  try  several  of  the  concaves 
with  the  two  convexes,  and  finding  one  better 
than  the  rest,  they  make  use  of  it  to  complete 
the  set.  In  this  way  some  of  the  best  achro- 
matic telescopes  are  frequently  formed.  I 
have  sometimes  found,  when  supplying  a 
concave  flint  glass  to  a  telescope  where  it 
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happened  to  be  wanting,  that,  of  four  or  five 
concave  lenses  which  appeared  to  be  the  same 
as  to  curvature  and  other  properties,  only  one 
was  found  to  produce  a  distinct  and  colourless 
image.  Should  any  one,  however,  wish  to 
attempt  the  construction  of  an  achromatic 
lens,  the  best  way  for  preventing  disappoint- 
ments in  the  result  is  to  procure  a  variety  of 
tables  of  the  respective  curvatures  founded 
on  different  conditions,  and  which,  of  course, 
require  the  surfaces  of  the  several  lenses  to 
be  of  different  curves.  Having  lenses  of  dif- 
ferent radii  at  his  command,  and  having  glass 
of  different  refractive  or  dispersive  powers, 
when  one  combination  does  not  exactly  suit, 
he  may  try  another,  and  ultimately  may  suc- 
ceed in  constructing  a  good  achromatic  tele- 
scope ;  for,  in  many  cases,  it  has  been  found 
that  chance,  or  a  happy  combination  of  lenses 
by  trial,  has  led  to  the  formation  of  an  excel- 
lent object-glass. 

Achromatic  Telescopes  composed  of  fluid 

Lenses. 

The  best  achromatic  telescopes,  when 
minutely  examined,  are  found  to  be  in  some 
respects  defective,  on  account  of  that  slight 
degree  of  colour  which,  by  the  aberration  of 
the  rays,  they  give  to  objects,  unless  the  ob- 
ject-glass be  of  small  diameter.  When  we 
examine  with  attention  a  good  achromatic 
telescope,  we  find  that  it  does  not  show  white 
or  luminous  objects  perfectly  free  from  colour, 
their  edges  being  tinged  on  one  side  with  a 
claret  coloured  fringe,  and  on  the  other  with 
a  green  fringe.  This  telescope,  therefore,  re- 
quired further  improvement,  to  get  rid  of  these 
secondary  colours,  and  Father  Boscovieh,  to 
whom  every  branch  of  optics  is  much  indebted, 
displayed  much  ingenuity  in  his  attempts  to 
attain  this  object.  But  it  is  to  Dr.  Blair, 
professor  of  astronomy  in  Edinburgh,  that  we 
are  chiefly  indebted  for  the  first  successful 
experiments  by  which  this  end  was  accom- 
plished. By  a  judicious  set  of  experiments, 
he  proved  that  the  quality  of  dispersing  the 
rays  in  a  greater  degree  than  crown  glass  is 
not  confined  to  a  few  mediums,  but  is  pos- 
sessed by  a  great  variety  of  fluids,  and  by  some 
of  these  in  a  most  extraordinary  degree. 
Having  observed  that  when  the  extreme  red 
and  violet  rays  were  perfectly  united,  the 
green  were  left  out,  he  conceived  the  idea  of 
making  an  achromatic  concave  lens  which 
should  refract  the  green  less  than  the  united 
red  and  violet,  and  an  achromatic  convex  lens 
which  should  do  the  same  ;  and  as  the  con- 
cave lens  refracted  the  outstanding  green  to 
the  axis,  while  the  concave  one  refracted  them 
from  the  axis,  it  followed  that,  by  a  combina- 
tion of  these  two  opposite  effects,  the  green, 
would  be  united  with  the  red  and  violet. 
(816) 


By  means  of  an  ingenious  prismatic  appa- 
ratus, he  examined  the  optical  properties  of  a 
great  variety  of  fluids.  The  solutions  of  metals 
and  semi-metals  proved  in  all  cases  more  dis- 
persive than  crown  glass.  Some  of  the  salts, 
such  as  sal  ammoniac,  greatly  increased  the 
dispersive  power  of  water.  The  marine  acid 
disperses  very  considerably,  and  this  quality 
increases  with  its  strength.  The  most  dis- 
persive fluids  were  accordingly  found  to  be 
those  in  which  this  acid  and  the  metals  were 
combined.  The  chemical  preparation  called 
causticum  antimoniale,  or  butter  of  antimony, 
in  its  most  concentrated  state,  when  it  has 
just  attracted  sufficient  humidity  to  render  it 
fluid,  possesses  the  quality  of  dispersing  the 
rays  in  an  astonishing  degree.  The  great 
quantity  of  the  semi-metal  retained  in  solu- 
tion, and  the  highly  concentrated  state  of  the 
marine  acid,  are  considered  as  the  cause  of 
this  striking  effect.  Corrosive  sublimate  of 
mercury,  added  to  a  solution  of  sal  ammoni- 
acum  in  water,  possesses  the  next  place  to 
the  butter  of  antimony  among  the  dispersive 
fluids  which  Dr.  Blair  examined.  The  es- 
sential oils  were  found  to  hold  the  next  rank 
to  metallic  solutions  among  fluids  which  pos- 
sess the  dispersive  quality,  particularly  those 
obtained  from  bituminous  minerals,  as  native 
petrolea,  pit  coal,  and  amber.  The  dispersive 
power  of  the  essential  oil  of  sassafras,  and  the 
essential  oil  of  lemons,  when  genuine,  were 
found  to  be  not  much  inferior  to  any  of  these. 
But  of  all  the  fluids  fitted  for  optical  purposes, 
Dr.  Blair  found  that  the  muriatic  acid  mixea 
with  a  metallic  solution,  or,  in  other  words, 
a  fluid  in  which  the  marine  acid  and  metal- 
line particles  hold  a  due  proportion,  most  ac- 
curately suited  his  purpose.  In  a  spectrum 
formed  by  this  fluid,  the  green  were  among 
the  most  refrangible  rays ; 
and  when  its  dispersion 
was  corrected  by  that  of 
r*E  glass,  there  was  produced  an 
inverted  secondary  spec- 
trum, that  is,  one  in  which 
the  green  was  above,  when 
it  would  have  been  below 
with  a  common  medium.  He 
therefore  placed  a  conoave 
lens  of  muriatic  acid  with 
a  metallic  solution  between 
the  two  lenses,  as  in  fig. 
60,  where  A  B  is  the  con- 
cave fluid  lens,  C  F  a 
plano-convex  lens,  with  its 
plane  side  next  the  object, 
and  E  D  a  meniscus. 
With  this  object-glass  the 
rays  of  different  colours 
were  bent  from  their  rectilineal  course  with 
the  same  equality  and  regularity  as  in  reflection. 


Fig.  60. 
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Telescopes  constructed  with  such  object- 
glasses  were  examined  by  the  late  Dr.  Robi- 
son  and  Professor  Playfair.  The  focal  dis- 
tance of  the  object-glass  of  one  of  these  did 
not  exceed  17  inches,  and  yet  it  bore  an 
aperture  of  3^  inches.  They  viewed  some 
single  and  double  stars  and  some  common 
objects  with  this  telescope,  and  found  that,  in 
magnifying  power,  brightness,  and  distinct- 
ness, it  was  manifestly  superior  to  one  of  Mr. 
Dollond's  of  42  inches  focal  length.  They 
had  most  distinct  vision  of  a  star,  when  using 
an  erecting  eyepiece,  which  made  this  tele- 
scope magnify  more  than  100  times,  and  they 
found  the  field  of  vision  as  uniformly  distinct 
as  with  Dollond's  42  inch  telescope,  magnify- 
ing 46  times,  and  were  led  to  admire  the  nice 
figuring  and  centring  of  the  very  deep  eye- 
glasses which  were  necessary  for  this  amplifi- 
cation. They  saw  double  stars  with  a  degree 
of  perfection  which  astonished  them.  These 
telescopes,  however,  have  never  yet  come  into 
general  use ;  and  one  reason,  perhaps,  is,  that 
they  are  much  more  apt  to  be  deranged  than 
telescopes  constructed  of  object-glasses  which 
are  solid.  If  any  species  of  glass,  or  other 
solid  transparent  substance  could  be  found 
with  the  same  optical  properties,  instruments 
might  perhaps  be  constructed  of  a  larger  size, 
and  considerably  superior  to  our  best  achro- 
matic telescopes.*  It  is  said  that  Mr.  Blair, 
the  son  of  Dr.  Blair,  some  years  ago  engaged 
in  prosecuting  his  father's  views,  but  I  have 
not  heard  any  thing  respecting  the  result  of  h*s 
investigations. 

Barlow's  Refracting  Telescope  with  a  fluid 
concave  Lens. 

Professor  Barlow,  not  many  years  ago,  sug- 
gested a  new  fluid  telescope,  which  is  deserv- 
ing of  attention,  and  about  the  year  1829 
constructed  one  of  pretty  large  dimensions. 
The  fluid  he  employs  for  this  purpose  is  the 
sulphuret  of  carbon,  which  he  found  to  be  a 


substance  which  possessed  every  requisite  he 
could  desire.  Its  index  is  nearly  the  same  as 
that  of  the  best  flint  glass,  with  a  dispersive 
power  more  than  double.  It  is  perfectly  co- 
lourless, beautifully  transparent,  and,  although 
very  expansible,  possesses  the  same,  or  very 
nearly  the  same,  optical  properties  under  all 
circumstances  to  which  it  is  likely  to  be  ex- 
posed in  astronomical  observations,  except, 
perhaps,  direct  observations  on  the  solar  disk, 
which  will  probably  be  found  inadmissible. 
Mr.  Barlow  first  constructed  an  object-glass 
with  this  fluid  of  3  inches  aperture,  with 
which  he  could  see  the  small  star  in  Polaris 
with  a  power  of  46,  and  with  the  higher 
powers  several  stars  which  are  considered  to 
require  a  good  telescope,  for  example,  70,  p 
Ophinchi,  39  Booiis,  the  quadruple  star  e 
Lyrse,  £  Aquarii,  a  Herculis,  &c.  He  next 
constructed  a  6  inch  object-glass.  With  this 
instrument,  the  small  star  in  Polaris  is  so  dis- 
tinct and  brilliant,  with  a  power  of  143,  that 
its  transit  might  be  taken  with  the  utmost 
certainty.  As  the  mode  of  constructing  these 
telescopes  is  somewhat  novel,  it  may  be  ex- 
pedient to  enter  somewhat  into  detail. 

In  the  usual  construction  of  achromatic 
telescopes,  the  two  or  three  lenses  composing 
the  object-glass  are  brought  into  immediate 
contact;  and  in  the  fluid  telescope  of  Dr. 
Blair,  the  construction  was  the  same,  the  fluid 
having  been  inclosed  in  the  object-glass  itself. 
But  in  Mr.  Barlow's  telescope,  the  fluid  cor- 
recting lens  is  placed  at  a  distance  from  the 
plate  lens  equal  to  half  its  focal  length ;  and 
it  might  be  carried  still  further  back,  and  yet 
possess  dispersive  power  to  render  the  object- 
glass  achromatic.  By  this  means,  the  fluid 
lens,  which  is  the  most  difficult  part  of  the 
construction,  is  reduced  to  one-half,  or  to  less 
than  one-half  of  the  size  of  the  plate  lens ; 
consequently,  to  construct  a  telescope  of  10 
or  12  inches  aperture  involves  no  greater 
difficulty  in  the  manipulation  than  in  making 


Fig.  61. 


a  telescope  of  the  usual  description  of  5  or  6 
inches  aperture,  except  in  the  simple  plate  lens 
itself;  and,  hence,  a  telescope  of  this  kind  of 
10  or  12  feet  length  will  be  equivalent  in  its 

*  For  a  more  particular  account  of  Dr.  Blair's 
instruments  and  experiments,  the  reader  is  re- 
ferred to  his  Dissertation  on  this  subject  in  vol. 
ii.  of  the  "  Transactions  of  the  Royal  Society  of 
Edinburgh,"  which  occupies  76  pages,  or  to  Ni- 
cholson's "Journal  of  Natural  Philosophy,"  &c., 
quarto  series,  vol.  i.  April— September,  1797. 
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focal  power  to  one  of  16  or  20  feet.  By  this 
means  the  tube  may  be  shortened  several  feet, 
and  yet  possess  a  focal  power  more  consider- 
able than  could  be  conveniently  given  to  it  on 
the  usual  principle  of  construction.  This  will 
be  better  understood  from  the  above  dia- 
gram (fig.  61.) 

In  this  figure  A  B  C  D  represent  the  tube 
of  the  6  inch  telescope,  C  D  the  plate  object- 
glass,  F  the  first  focus  of  rays,  d  e  the  fluid 
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concave  lens,  distant  from  the  former  24 
inches ;  the  focal  length  M  F  being  48,  and, 
consequently,  as  48 :  6 :  :  24  :  3  inches,  the 
diameter  of  the  fluid  lens.  The  resulting 
compound  focus  is  62.5  inches.  It  is  obvious, 
therefore,  that  the  rays  df,ef,  arrive  at  the 
focus  under  the  same  convergency,  and  with 
the  same  light  as  if  they  proceeded  from  a 
lens  of  six  inches  diameter,  placed  at  a  dis- 
tance beyond  the  object-glass  C  D  (as  G  H,) 
determined  by  producing  those  rays  till  they 
meet  the  sides  of  the  tube  in  G  H,  namely,  at 
62.5  inches  beyond  the  fluid  lens.  Hence,  it 
is  obvious,  the  rays  will  converge  as  they 
would  do  from  an  object  glass,  G  H,  of  the 
usual  kind  with  a  focus  of  10  feet  5  inches. 
We  have  thus,  therefore,  shortened  the  tube 
38.5  inches,  or  have  at  least  the  advantage  of 
a  focus  38.5  inches  longer  than  our  tube  ;  and 
the  same  principle  may  be  carried  much  fur- 
ther, so  as  to  reduce  the  usual  length  of  re- 
fracting telescopes  nearly  one  half,  without 
increasing  the  aberration  in  the  first  glass  be- 
yond the  least  that  can  possibly  belong  to  a 
telescope  of  the  usual  kind  of  the  whole 
length.  It  should  likewise  be  observed,  that 
the  adjustment  for  focus  may  be  made  either 
in  the  usual  way  or  by  a  slight  movement  of 
the  fluid  lens,  as  in  the  Gregorian  Reflectors, 
by  means  of  the  small  speculum. 

Mr.  Barlow  afterward  constructed  another 
larger  telescope  on  the  same  principle,  the 
clear  aperture  of  which  is  £  inches.  Its  tube 
is  1 1  feet,  which,  together  with  the  eyepiece, 
makes  the  whole  length  12  feet,  but  its  effec- 
tive focus  is,  on  the  principle  stated,  18  feet. 
It  carries  a  power  of  700  on, the  closest  double 
stars  in  South's  and  Herschel's  catalogue,  and 
the  stars  are,  with  that  power,  round  and  de- 
fined, although  the  field  is  not  then  so  bright 
as  could  be  desired.  The  telescope  is  mount- 
ed on  a  revolving  stand,  which  works  with 
considerable  accuracy  as  an  azimuth  and  alti- 
tude instrument.  To  give  steadiness  to  the 
stand,  it  has  beerrtnade  substantial  and  heavy, 
its  weight  by  estimation  being  400  pounds, 
and  that  of  the  telescope  130  pounds,  yet  its 
motions  are  so  smooth,  and  the  power  so  ar- 
ranged, that  it  may  be  managed  by  one  per- 
son with  the  greatest  ease,  the  star  being  fol- 
lowed by  a  slight  touch,  scarcely  exceeding 
that  of  the  keys  of  a  piano-forte.  The  focal 
length  of  the  plate  lens  is  78  inches,  and  of 
the  fluid  lens  59.8  inches;  which,  at  the  dis- 
tance of  40  inches,  produce  a  focal  length  of 
104  inches,  a  total  length  of  12  feet,  and  an 
equivalent  focus  of  18  feet.  The  curves  of  the 
parallel  meniscus  checks  for  containing  the 
fluid  are  30  inches  and  144  inches,  the  latter 
towards  the  eye.  The  curves  for  the  plate 
lens  are  56.4  and  144.  There  is  an  interior 
tube  5  inches  diameter,  and  3  feet  6  inches 
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long,  which  carries  the  cell  in  which  the  fluid 
is  inclosed,  and  an  apparatus  by  which  it  may 
be  moved  backward  and  forward,  so  that  the 
proper  adjustment  may  be  made  for  colour  in 
the  first  instance,  and  afterward  the  focus  is 
obtained  by  the  usual  rack -work  motion.  The 
following  is  the  mode  by  which  the  fluid  was 
inclosed.  After  the  best  position  has  been 
determined  practically  for  the  checks  forming 
the  fluid  lens,  these,  with  the  ring  between 
them  ground  and  polished  accurately  to  the 
same  curves,  are  applied  together,  and  taken 
into  an  artificial  high  temperature,  exceeding 
the  greatest  at  which  the  telescope  is  ever  ex- 
pected to  be  used.  After  remaining  here  with 
the  fluid  some  time,  the  space  between  the 
glasses  is  completely  filled,  immediately  closed, 
cooled  down  by  evaporation,  and  removed  into 
a  lower  temperature.  By  this  means  a  sud- 
den condensation  takes  place,  an  external 
pressure  is  brought  on  the  checks,  and  a  bub- 
ble formed  inside,  which  is,  of  course,  filled 
with  the  vapour  of  the  fluid ;  the  excess  of  the 
atmospheric  pressure  beyond  that  of  the  va- 
pour being  afterward  always  acting  externally 
to  prevent  contact.  The  extreme  edges  are 
then  sealed  with  the  serum  of  human  blood, 
or  by  strong  fish-glue,  and  some  thin,  pliable 
metal  surface.  By  this  process,  Mr.  Barlow 
says,  "  I  have  every  reason  to  believe  the  lens 
becomes  as- durable  as  any  lens  of  solid  glass. 
At  all  events,  I  have  the  satisfaction  of  stating, 
that  my  first  3  inch  telescope  has  now  been 
completed  more  than  fifteen  months,  and  that 
no  change  whatever  has  taken  place  in  its 
performance,  nor  the  least  perceptible  altera- 
tion either  in  the  quantity  or  the  quality  of  the 
fluid." 

The  following  are  some  of  the  observations 
which  have  been  made  with  this  telescope,  and 
the  tests  to  which  it  has  been  subjected.  The 
very  small  star  which  accompanies  the  pole 
star  is  generally  one  of  the  first  tests  applied 
to  telescopes.  This  small  point  of  light  ap- 
peared brilliant  and  distinct ;  it  was  best  seen 
with  a  power  of  120,  but  was  visible  with  a 
power  of  700.  The  small  star  in  Aldebaran 
was  very  distinct  with  a  power  of  1 20.  The 
small  star  a  Lyras  was  distinctly  visible  with 
the  same  power.  The  small  star  called  by  Sir 
J.  Herschel  Debilissima,  between  4  f  and  5 
Lyrse,  whose  existence,  he  says,  could  not  be 
suspected  in  either  the  5  or  7  feet  equatorial, 
and  invisible  also  with  the  7  and  10  feet  re- 
flectors of  six  and  9  inches  aperture,  but  seen 
double  with  the  20  feet  reflector,  is  seen 
very  satisfactorily  double  with  this  telescope. 
rt  Persei,  marked  as  double  in  South  and  Her- 
schel's catalogue,  at  the  distance  of  28",  with 
another  small  star  at  the  distance  of  3'  67", 
is  seen  distinctly  sixfold,  four  of  the  small 
stars  being  within  a  considerably  less  distance 
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than  the  remote  one  of  tj  marked  in  the  cata- 
logue. And,  rejecting  the  remote  star,  the 
principal  and  the  four  other  stars  form  a  mini- 
ature representation  of  Jupiter  and  his  satel- 
lites, three  of  them  being  nearly  in  a  line  on 
one  side,  and  the  other  on  the  opposite. 
Castor  is  distinctly  double  with  120,  and  well 
opened,  and  stars  perfectly  round  with  360 
and  700.  y  Leonis  and  a  Piscium  are  seen 
with  the  same  powers  equally  round  and  dis- 
tinct. In  f  Bootis,  the  small  star  is  well  sepa- 
rated from  the  larger,  and  its  blue  colour  well 
marked  with  a  power  of  360.  rj  Corona? 
Borealis  is  seen  double  with  a  power  of  360 
and  700.  52  Orionis,  £  Orionis,  and  others 
of  the  same  class,  are  also  well  defined  with  the 
same  powers.  In  regard  to  the  planets  which 
happened  to  be  visible,  Venus  appeared  beau- 
tifully white  and  well  defined  with  a  power 
of  120,  but  showed  some  colour  with  360. 
Saturn,  with  the  120  power,  is  a  very  brilliant 
object,  the  double  ring  and  belts  being  well 
and  satisfactorily  defined,  and  with  the  360 
power  it  is  still  very  fine.  The  moon  also  is 
remarkably  beautiful,  the  edges  and  the  sha- 
dows being  well  marked,  while  the  quantity 
of  light  is  such  as  to  bring  to  view  every  mi- 
nute distinction  of  figure  and  shade. 

The  principal  objections  that  may  be  made 
to  this  construction  of  a  telescope  are  such  as 
these :  Can  the  fluid  be  permanently  secured  7 
Will  it  preserve  its  transparency  and  other 
optical  properties  1  Will  it  not  act  upon  the 
surface  of  the  glass  and  partially  destroy  it1? 
&c.  To  such  inquiries  Mr.  Barlow  replies, 
that  experience  is  the  only  test  we  have  ;  our 
spirit  levels,  spirit  thermometers,  &c.,  show 
that  some  fluids,  at  least,  may  be  preserved  for 
many  years  without  experiencing  any  change, 
and  without  producing  any  in  the  appearance 
of  the  glass  tubes  containing  them.  But  should 
any  of  these  happen,  except  the  last,  nothing 
can  be  more  simple  than  to  supply  the  means 
of  replacing  the  fluid  at  any  time,  and  by  any 
person,  without  disturbing  the  adjustment  of 
the  telescope.  He  expresses  his  hope  that, 
should  these  experiments  be  prosecuted,  an 
achromatic  telescope  shall  ultimately  be  pro- 
duced which  shall  exceed  in  aperture  and 
power  any  instruments  of  the  kind  hitherto 
attempted.  If  the  prejudice  against  the  use 
of  fluids  could  be  removed,  he  feels  convinced 
that  well-directed  practice  would  soon  lead  to 
the  construction  of  the  most  perfect  instru- 
ments, on  this  principle,  at  a  comparatively 
small  expense.  "  I  am  convinced,"  he  says, 
"judging  from  what  has  been  paid  for  large 
object-glasses,  that  my  telescope,  telescope 
stand,  and  the  building  for  observation,  with 
every  other  requisite  convenience,  have  been 
constructed  for  a  less  sum  than  would  be  de- 


manded for  the  object-glass  only,  if  one  could 
be  produced  of  the  same  diameter  of  plate  and 
flint  glass ;  and  this  is  a  consideration  which 
should  have  some  weight,  and  encourage  a 
perseverance  in  the  principle  of  construction."* 

ROGERs's  ACHROMATIC  TELESCOPE  OU  A  K"EW 
PLAX. 

The  object  of  this  construction  is  to  render 
a  small  disk  of  flint  glass  available  to  perform 
the  office  of  compensation  to  a  much  larger 
one  of  crown  glass,  and  thus  to  render  possi- 
ble the  construction  of  telescopes  of  much 
larger  aperture  than  are  now  common,  with- 
out hindrance  from  the  difficulty  at  present 
experienced  in  procuring  large  disks  of  flint 
glass.  It  is  well  known  to  those  who  are  ac- 
quainted with  telescopes,  that  in  the  construc- 
tion of  an  ordinary  achromatic  object-glass,  in 
which  a  single  crown  lens  is  compensated  by 
a  single  one  of  flint  the  two  lenses  admit  of  be- 
ing separated  only  by  fin  interval  too  small  to 
afford  any  material  advantage,  in  diminish- 
ing the  diameter  of  the  flint  lens,  by  placing 
it  in  a  narrow  part  of  the  cone  of  rays,  the 
actual  amount  of  their  difference  in  point  of 
dispersive  power  being  such  as  to  render  the 
correction  of  the  chromatic  aberration  impos- 
sible when  their  mutual  distance  exceeds  a 
certain  limit.  This  inconvenience  Mr.  Rogers 
proposes  to  obviate  by  employing,  as  a  cor- 
recting lens,  not  a  single  lens  of  flint,  but  a 
compound  one  consisting  of  a  convex  crown 
and  concave  flint,  whose  foci  are  such  as  to 
cause  their  combination  to  act  as  a  plain  glass 
on  the  mean  refrangible  rays.  Then  it  is  evi- 
dent that  by  means  of  the  greater  dispersive 
power  of  flint  than  of  crown  glass,  this  will 
act  as  a  concave  on  the  violet,  and  as  a  con- 
vex on  the  red  rays,  and  that  the  more  power- 
fully, according  as  the  lenses  separately  have 
greater  powers  or  curvature.  If  ihen,  such 
a  compound  lens  be  interposed  between  the 
object-glass  of  a  telescope — supposed  to  be  a 
single  lens  of  plate  or  crown  glass — and  its 
focus,  it  will  cause  no  alteration  in  the  focus 
for  mean  rays,  while  it  will  lengthen  the  focus 
for  violet,  and  shorten  it  for  red  rays.  Now 
this  is  precisely  what  is  wanted  to  produce  an 
achromatic  union  of  all  the  rays  in  the  focus ; 
and  as  nothing  in  this  construction  limits  the 
powers  of  the  individual  correcting  lenses, 

*  A  more  detailed  account  of  the  processes  con- 
nected with  the  construction  of  this  telescope^vvill 
be  found  in  a  paper  presented  to  the  Royal  Soci- 
ety in  1827,  and  published  in  the  Philosophical 
Transactions  of  that  Society  for  1828,  and  like- 
wise another  paper,  published  in  the  Transactions 
for  1829.  From  these  documents,  chiefly,  the  pre- 
ceding account  has  been  abridged.  See  also  the 
"Edinburgh  New  Philosophical  Journal"  for 
•Jan.— April,  1828,  and  Brewster's  "Edinburgh 
Journal  of  Science"  for  October,  1829. 
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they  may  therefore  be  applied  any  where  that 
convenience  may  dictate ;  and  thus,  theoreti- 
cally speaking,  a  disk  of  flint  glass,  however 
small,  may  be  made  to  correct  the  colour  of 
one  of  crown,  however  large. 

This  construction  likewise  possesses  other 
and  very  remarkable  advantages:  for,  first, 
when  the  correcting  lens  is  approximately 
constructed  on  a  calculation  founded  on  its 
intended  aperture,  and  on  the  refractive  and 
dispersive  indices  pf  its  materials,  the  final 
and  complete  dispersion  of  colour  may  be 
effected,  not  by  altering  the  lenses  by  grinding 
them  anew,  but  by  shifting  the  combination 
nearer  to,  or  further  from  the  object-glass,  as 
occasion  may  require,  along  the  tube  of  a 
telescope,  by  a  screw  motion,  till  the  condition 
of  achromaticity  is  satisfied  in  the  best  manner 
possible ;  and,  secondly,  the  spherical  aberra- 
tion may  in  like  manner  be  finally  corrected, 
by  slightly  separating  the  lenses  of  the  cor- 
recting glass,  whose  surfaces  should  for  this 
purpose  be  figured  to  curvatures  previously 
determined  by  calculation  to  admit  of  this 
mode  of  correction — a  condition  which  Mr. 
Rogers  finds  to  be  always  possible.  The  fol- 
lowing is  the  rule  which  he  lays  down  for  the 
determination  of  the  foci  of  the  lenses  of  the 
correcting  glass :  "  The  focal  length  of  either 
lens  is  to  that  of  the  object-glass  in  a  ratio 
compounded  of  the  ratio  of  the  square  of  the 
aperture  of  the  correcting  lens  to  that  of  the 
object-glass,  and  of  the  ratio  of  the  difference 
of  the  dispersive  indices  of  the  crown  and  flint 
glass  to  the  dispersive  index  of  crown."  For 
example,  to  correct  the  colour  of  a  lens  of 
crown  or  plate  glass  of  9  inches  aperture  and 
14  feet  focal  length  (the  dimensions  of  the 
telescope  of  Fraunhofer  at  Dorpat)  by  a  disk 
of  flint  glass  3  inches  in  diameter,  the  focus 
of  either  lens  of  the  correcting  lens  will  re- 
quire to  be  about  9  inches.  To  correct  it  by 
a  4  inch  disk  will  require  a  focus  of  about  16 
inches  each. 

Mr.  Rogers  remarks,  that  it  is  not  indis- 
pensable to  make  the  correcting  glass  act  as 
a  plane  lens.  It  is  sufficient  if  it  be  so  ad- 
justed as  to  have  a  shorter  focus  for  red  rays 
than  for  violet.  If,  preserving  this  condition, 
it  be  made  to  act  as  a  concave  lens,  the  advan- 
tage procured  by  Mr.  Barlow's  construction 
of  reducing  the  length  of  the  telescope  with 
the  same  focal  power  is  secured,  and  he  con- 
siders, moreover,  that  by  a  proper  adaptation 
of  the  distances,  foci,  &c.,  of  the  lenses,  we 
might  hope  to  combine  with  all  these  advan- 
tages that  of  the  destruction  of  the  secondary 
spectrum,  and  thus  obtain  a  perfect  telescope. 

The  above  is  an  abstract  of  a  paper  read 
to  the  "  Astronomical  Society  of  London"  in 
April,  1828,  by  A.  Rogers,  Esq. 

The  reader  will  easily  perceive  that  the 
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principle  on  which  Mr.  Rogers  proposes  to 
construct  his  telescope  is  very  nearly  similar 
to  that  of  Professor  Barlow,  described  above, 
with  this  difference,  that  the  correcting  lens 
of  the  professor's  telescope  is  composed  of  a 
transparent  fluid,  while  that  of  Mr.  Rogers  is 
a  solid  lens  consisting  of  a  convex  crown  and 
concave  flint.  The  general  object  intended 
to  be  accomplished  by  both  is  the  same, 
namely,  to  make  a  correcting  lens  of  a  com- 
paratively small  diameter  serve  the  purpose 
of  a  large  disk  of  flint  glass,  which  has  hitherto 
been  very  expensive,  and  very  difficult  to  be 
procured;  and  likewise  to  reduce  the  length 
of  the  telescope,  while  the  advantage  of  a  long 
focal  power  is  secured.  A  telescope  on  this 
principle  was  constructed  seven  or  eight  years 
ago  by  Mr.  Wilson,  lecturer  on  Philosophy 
and  Chemistry,  Glasgow,  before  he  was  aware 
that  Mr.  Rogers  had  proposed  a  similar  plan. 
I  have  had  an  opportunity  of  particularly  in- 
specting Mr.  Wilson's  telescope,  and  trying 
its  effects  on  terrestrial  objects  with  high 
powers,  and  was,  on  the  whole,  highly  pleased 
with  its  performance.  It  appeared  to  be 
almost  perfectly  achromatic,  and  produced  a 
distinct  and  well-defined  image  of  minute 
distant  objects,  such  as  small  letters  on  sign- 
posts, at  two,  three,  and  four  miles  distant; 
but  I  had  no  opportunity  of  trying  its  effects 
on  double  stars  or  any  other  celestial  objects. 
The  instrument  is  above  6  feet  long ;  the 
object-lens  is  a  plano-convex  of  crown  glass, 
4  feet  focal  distance  and  4  inches  diameter, 
the  plain  side  next  the  object. 

At  26  inches  distant  from  the  object-lens  is 
the  compound  lens  of  2  inches  in  diameter ; 
and  the  two  lenses  of  which  it  is  composed 
are  both  ground  to  a  radius  of  3|  inches. 
That  made  of  crown  glass  is  plano-convex, 
the  other,  made  of  flint  glass,  is  plano-concave, 
and  are  placed  close  together,  the  convex  side 
being  next  the  object,  and  the  concave  side 
next  the  eye.  The  greater  refractive  power 
of  the  flint  glass  renders  the  compound  one 
slightly  concave  in  its  effect  (although  the 
radius  of  curvature  is  similar  in  both,)  and 
lengthens  the  focus  to  6  feet  from  the  object- 
glass  ;  and  this  is  consequently  the  length  of 
the  instrument.  The  compound  corrector  so 
placed  intercepts  all  those  rays  which  go  to 
form  the  image  in  the  field  of  view,  producing 
there  an  achromatic  image.  The  concave 
power  of  the  corrector  renders  the  image 
larger  than  if  directly  produced  by  a  convex 
lens  of  the  same  focus.  The  concavity  of  the 
corrector  is  valuable  also  in  this  respect,  that 
a  very  slight  alteration  in  its  distance  from  the 
object-glass  changes  the  focal  distance  much 
more  than  if  it  were  plain,  and  enables  us  to 
adjust  the  instrument  to  perfect  achromatism 
with  great  precision. 
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CHAPTER  V. 

On  Reflecting  Telescopes. 


SECTION  I. 


History  of  the  invention,  and  a  general  de- 
scription of  the  construction  of  these  in- 
struments. 

REFLECTING  telescopes  are  those  which 
represent  the  images  of  distant  objects  by  re- 
flection, chiefly  from  concave  mirrors. 

Before  the  achromatic  telescope  was  in- 
vented there  were  two  glaring  imperfections 
in  refracting  telescopes,  which  the  astrono- 
mers of  the  seventeenth  century  were  anxious 
to  correct  The  first  was  its  very  great  length 
when  a  high  power  was  to  be  applied,  which 
rendered  it  very  unwiedly  and  difficult  to  use. 
The  second  imperfection  was  the  incorrect- 
ness of  the  image  as  formed  by  a  single  lens. 
Mathematicians  had  demonstated  that  a  pencil 
of  rays  could  not  be  collected  in  a  single  point 
by  a  spherical  lens,  and  also  that  the  image 
transmitted  by  such  a  lens  would  be  in  some 
degree  incurvated.  After  several  attempts  had 
been  made  to  correct  this  imperfection  by 
grinding  lenses  to  the  figure  of  one  of  the  co- 
nic sections,  Sir  I.  Newton  happened  to  com- 
mence an  examination  of  the  colours  formed 
by  a  prism  ;  and  having,  by  the  means  of  this 
simple  instrument,  discovered  the  different 
refrangibility  of  the  rays  of  light — to  which 
we  have  several  times  adverted  in  the  pre- 
ceding descriptions — he  then  perceived  that 
the  errors  of  telescopes,  arising  from  that  cause 
alone,  were  some  hundred  times  greater  than 
such  as  were  occasioned  by  the  spherical 
figure  of  lenses,  which  induced  this  illustrious 
philosopher  to  turn  his  attention  to  the  im- 
provement of  telescopes  by  reflection. 

It  is  generally  supposed  that  Mr.  James 
Gregory, — a  son  of  the  Rev.  John  Gregory 
minister  of  Drumoak,  in  the  county  of  Aber- 
deen— was  the  first  who  suggested  the  con- 
struction of  a  reflecting  telescope.  He  was  a 
young  man  of  uncommon  genius,  and  an  emi- 
nent mathematician  ;  and  in  the  year  1 663,  at 
the  a^e  of  only  24,  he  published  in  London 
his  treatise  entitled  "  Optica  Promota,"  in 
which  he  explained  the  theory  of  that  species 
of  reflecting  telescope  which  still  bears  his 
name,  and  which  he  stated  as  being  his  own 
invention.  But  as  Gregory,  according  to  his 
own  account,  was  endowed  with  no  mechani- 
cal dexterity,  and  could  find  no  workman 
capable  of  realizing  his  invention,  after  some 
fruitless  attempts  to  form  proper  specula,  he 


was  obliged  to  give  up  the  pursuit,  so  that 
this  telescope  remained  for  a  considerable  time 
neglected.  It  was  several  years  after  Gregory 
suggested  the  construction  of  reflecting  tele- 
scopes before  Newton  directed  his  attention 
fully  to  the  subject  In  a  letter  addressed  to 
the  secretary  of  the  Royal  Society,  dated  in 
February,  1672,  he  says,  "Finding  reflections 
to  be  regular,  so  that  the  angle  of  reflection  of 
all  sorts  of  rays  was  equal  to  the  angle  of  inci- 
dence, I  understood  that,  by  their  meditation, 
optic  instruments  might  be  brought  to  any 
degree  of  perfection  imaginable,  providing  a 
reflecting  substance  could  be  found  which 
would  polish  as  finely  as  glass,  and  reflect  as 
much  light  as  glass  transmits,  and  the  art  of 
communicating  to  it  a  parabolic  figure  be  also 
obtained.  Amid  these  thoughts  I  was  forced 
from  Cambridge  by  the  intervening  plague, 
and  it  was  more  than  two  years  before  I  pro- 
ceeded further." 

It  was  towards  the  end  of  1668,  or  in  the 
beginning  of  the  following  year,  when  New- 
Ion,  being  obliged  to  have  recourse  to  reflec- 
tors, and  not  relying  on  any  artificer  for  making 
the  specula,  set  about  the  work  himself,  and 
early  in  the  year  1672  completed  two  small 
reflecting  telescopes.  In  these  he  ground  the 
great  speculum  into  a  spherical  concave, 
although  he  approved  of  the  parabolic  form, 
but  found  himself  unable  to  accomplish  it. 
These  telescopes  were  of  a  construction  some- 
what different  from  what  Gregory  had  sug- 
gested, and  though  only  6  inches  long,  were 
considered  as  equal  to  a  6  feet  common  re- 
fracting telescope.  It  is  not  a  little  singular, 
however,  that  we  hear  no  more  about  the  con- 
struction of  reflectors  till  more  than  half  a 
century  afterward.  It  was  not  till  the  year 
1723  that  any  reflectors  were  known  to  have 
been  made,  adapted  to  celestial  observations. 
In  that  year,  Mr.  Hadley,  the  inventor  of  the 
reflecting  quadrant  which  goes  by  his  name, 
published,  in  No.  376  of  the  Philosophical 
Transactions,  an  account  of  a  large  reflector 
on  Newton's  plan,  which  he  had  just  then 
constructed,  the  performance  of  which  left  no 
room  to  doubt  that  this  invention  would  re- 
main any  longer  in  obscurity.  The  large 
speculum  of  this  instrument  was  62£  inches 
focal  distance  and  5  inches  diameter,  was  fur- 
nished with  magnifying  powers  of  from  190 
to  230  times,  and  equalled  in  performance  the 
famous  aerial  telescope  of  Huygens  of  123 
3/2  (821 '• 
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feet  in  length.*  Since  this  period  the  reflect-  speculum,  B  E,  with  a  hole,  C  D,  in  its  cen 
ing  telescope  has  been  in  general  use  among  tre,  the  focus  of  which  is  at  e.  A  little  beyond 
astronomers  in  most  countries  of  Europe,  and  this  focus,  towards  the  object  end  of  the  tele- 
has  received  numerous  improvements,  under  scope,  A  F,  is  placed  another  small  concave 
the  direction  of  Short,  Mudge,  Edwards,  ahd  mirror,  G,  having  its  polished  face  turned 
Herschel,  the  last  of  whom  constructed  re-  towards  the  great  speculum,  and  is  supported 
flectors  of  7,  10,  20,  and  even  40  feet  in  focal  by  an  arm,  G  H,  fastened  to  a  slider  con- 
length,  which  far  surpassed,  in  brightness  nected  with  the  tube.  At  the  end  of  the  great 
and  magnifying  power,  all  the  instruments  tube,  B  E,  is  screwed  in  a  small  tube,  C  D  K 
of  this  description  which  had  previously  been  /,  containing  a  small  plano-convex  lens,  I  K. 
attempted.  Such  are  the  essential  parts  of  this  instrument 
I  shall  now  proceed  to  give  a  brief  sketch  and  their  relative  positions.  It  will  be  recol- 
of  the  nature  of  a  reflecting  telescope,  and  the  lected  in  our  description  of  the  properties  of 
different  forms  in  which  they  have  been  pro-  concave  mirrors  (see  p.  28,)  that,  when  rays 
posed  to  be  constructed.  proceed  from  a  distant  object,  and  fall  upon  a 


Fig.  62  represents  the  reflecting  telescope 
as  originally  proposed  by  Gregory.  A  B  E  F 
represents  a  tube  open  at  A  F  towards  the 
object;  at  the  other  end  is  placed  a  concave 


Fig.  62. 


concave  speculum,  they  paint  an  image  or  re- 
presentation of  the  object  in  its  focus  before 
the  speculum.  Now  suppose  two  parallel 
rays,  a  b,  falling  on  the  speculum  B  E,  in 


Fig.  66. 


the  focal  distance  of  the  great 
mirror  was  9  inches,  and  the  focal  distance 
of  the  small  mirror  l£  inch — were  we  to  re- 
move the  eyepiece  of  this  telescope,  and  look 
through  the  hole  of  the  great  mirror,  we  should 
see  the  image  of  the  object  depicted  upon  the 
face  of  the  small  speculum,  and  magnified  in 
the  proportion  of  9  to  l£,  or  6  times,  on  the 
name  principle  as  a  common  convex  object- 
glass  9  inches  focal  length,  with  an  eyeglass 


cd;  they  are  reflected  to  its 
focus  e,  where  an  inverted 
image  of  the  object  is  form- 
ed at  a  little  more  than  the 
focal  distance  of  the  small 
speculum  from  its  surface, 
and  serves,  as  it  were,  for 
an  object  on  which  the 
small  mirror  may  act.  By 
the  action  of  this  mirror 
this  first  image  is  reflected 
to  a  point  about/,  where  a 
second  image  is  formed 
very  large  and  erect.  This 
image  is  magnified  in  the 
proportion  of  /  G  to  e  G, 
the  rays  from  which  are 
transmitted  to  the  eyeglass 
IK,  through  which  the  eye 
perceives  the  object  clear 
and  distinct,  after  the  pro- 
per adjustments  have  been 
made. 

speoulum,  a  second  image  is  formed  about  f, 
as  much  exceeding  the  first  in  its  dimensions 
as  it  exceeds  it  in  distance  from  the  small 
speculum,  on  the  principle  on  which  the 
object-glass  of  a  compound  microscope  forms 
a  large  image  near  the  eyeglass.  Suppose 
this  distance  to  be  9  times  greater,  then  the 
whole  magnifying  power  will  be  compounded 
of  6  multiplied  by  9,  or  54  times.  As  a  tele- 
scope it  magnifies  6  times,  and  in  the  micro- 


whose focus  is  1^  inch,  magnifies  6  times,  scope  part  9  times.  Such  is  the  general  idea 
This  may  be  regarded  as  the  first  part  of  the  of  the  Gregorian  telescope,  the  minute  parti- 
magnifying  power.  If,  now,  we  suppose  the  culars  and  structure  of  which  can  only  be 
small  speculum  placed  a  little  more  than  l£  clearly  perceived  by  a  direct  inspection  of  the 
inch  from  the  image  formed  by  the  great  instrument. 

The  Newtonian  Reflector. — This  instru- 
ment is  somewhat  different  both  in  its  form 
and  in  its  mode  of  operation  from  that  of 


*  A  particular  description  of  this  telescope,  with 
the  machinery  for  moving  it,  illustrated  with  an 
•ngravins,  may  be  seen  in  Reid  and  Gray's 
"Abridgment  of  the  Philosophical  Transactions  " 
Tol.  vi.  Part  I  for  1723,  p.  147-152. 
(822) 


Gregory.     It  is  represented  in  fig.  63,  where 
B  A  E  F  is  the  tube,  and  B  E  the  object  cou 
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cave  mirror,  which  reflects  the  parallel  rays  a 
b  to  a  plane  speculum  G,  placed  45°,  or  half 
a  right  angle  to  the  axis  of  the  concave  specu- 
lum. This  small  plane  reflector  must  be  of  an 
oval  form  ;  the  length  of  the  oval  should  be  to 
the  breadth  as  7  to  5,  on  account  of  the  obli- 
quity of  its  position.  It  is  supported  on  an 
arm  fixed  to  the  side  of  the  tube ;  an  eyeglass 
is  placed  in  a  small  tube,  movable  in  the 
larger  tube,  so  as  to  be  perpendicular  to  the 
axis  of  the  large  reflector,  the  perpendicular 
line  passing  through  the  centre  of  the  small 
mirror.  The  small  mirror  is  situated  between 
the  large  mirror  and  its  focus,  that  its  distance 
from  this  focal  point  may  be  equal  to  the  dis- 
tance from  the  centre  of  the  mirror  to  the 
focus  of  the  eyeglass.  When  the  rays  a  b 
from  a  distant  object  fall  upon  the  large 
speculum  at  c  d,  they  are  reflected  towards 
a  focus  at  h;  but,  being  intercepted  by  the 
plane  mirror  G,  they  are  reflected  perpen- 
dicularly to  the  eyeglass  at  I,  in  the  side  of 
the  tube,  and  the  image  formed  near  that 
position  at  e  is  viewed  through  a  small  plano- 
convex lens.  The  magnifying  power  of  this 
telescope  is  in  the  propoition  of  the  focal  dis- 
tance of  the  speculum  to  that  of  the  eyeglass. 
Thus,  if  the  focal  distance  of  the  speculum  be 
36  inches,  and  that  of  the  eyeglass  one-third 
of  an  inch,  the  magnifying  power  will  be  108 
times.  It  was  this  form  of  the  reflecting  tele- 
scope that  Newton  invented,  which  Sir  W. 
Herschel  adopted,  and  with  which  he  made 
most  of  his  observations  and  discoveries. 

The,  Cassegrainian  Reflector. — This  mode 
of  the  reflecting  telescope,  suggested  by  M. 
Cassegrain,  a  Frenchman,  is  represented  in 
fig.  64.  It  is  constructed  in  the  same  way  as 
the  Gregorian,  with  the  exception  of  a  small 
convex  speculum,  G,  being  substituted  in  the 
room  of  the  small  concave  in  Gregory's  con- 
struction. As  the  focus  of  a  convex  mirror  is 
negative,  it  is  placed  at  a  distance  from  the 
large  speculum  equal  to  the  difference  of  their 
foci ;  that  is,  if  the  focal  length  of  the  large 
speculum  be  18  inches,  and  that  of  the  small 
convex  2  inches,  they  are  placed  at  16  inches 
distant  from  each  other,  on  a  principle  similar 
to  that  of  the  Galilean  telescope,  in  which  the 
concave  eyeglass  is  placed  within  the  focus  of 
the  object-glass  by  a  space  equal  to  the  focal 
length  of  the  eyeglass.  In  this  telescope,  like- 
wise, instead  of  two  there  is  only  one  image 
formed,  namely,  that  in  the  focus 
of  the  eyeglass ;  and,  on  this  ac- 
count, some  are  of  opinion  that  the 
distinctness  is  considerably  greater 
than  in  the  Gregorian.  Mr.  Rams- 
den  was  of  opinion  that  this  con- 
struction is  preferable  to  either  of 
the  former  reflectors,  because  the 
aberrations  of  the  two  metals  have 


a  tendency  to  correct  each  other,  whereas  in  the 
Gregorian,  both  the  metals  being  concave,  any 
error  in  the  specula  will  be  doubled.  It  is  his 
opinion  that  the  aberrations  in  the  Casse- 
grainian construction  to  that  of  the  Gregorian 
is  as  3  to  5.  The  length  of  this  telescope  is 
shorter  than  that  of  a  Gregorian  of  equal  focal 
length  by  twice  the  focal  length  of  the  small 
mirror,  and  it  shows  every  thing  in  an  inverted 
position,  and,  consequently,  is  not  adapted  for 
viewing  terrestrial  objects. 

Dr.  Hook's  Reflector. — Before  the  reflecting 
telescope  was  much  known,  Dr.  Hook  con- 
trived one,  the  form  of  which  is  represented 
fig.  65,  which  differs  in  little  or  nothing  from 
the  Gregorian,  except  that  the  eyeglass,  I,  is 
placed  in  the  hole  of  the  great  speculum,  B  E. 

Martin's  Reflector. — Mr.  Benjamin  Martin, 
a  distinguished  writer  on  optical  and  philo- 
sophical science,  about  a  century  ago  described 
a  new  form  of  the  reflecting  telescope,  approxi- 
mating to  the  Newtonian  structure,  which  he 
contrived  for  his  own  use.  It  is  represented 
in  fig.  66.  A  B  E  F  is  the  tube,  in  which 
there  is  an  opening  or  aperture,  0  P,  in  the 
upper  part.  Against  this  hole,  within  the 
tube,  is  placed  a  large  plane  speculum,  G  H, 
at  half  a  right  angle  with  the  axis  or  sides  of 
the  tubes,  with  a  hole,  C  D,  perforated  through 
its  middle.  The  parallel  rays  a  b,  falling  on 
the  inclined  plane  G  H,  are  reflected  perpen- 
dicularly and  parallel  on  the  great  speculum 
B  E  in  the  bottom  of  the  tube.  From  thence 
they  are  reflected,  converging  to  a  focus,  e, 
through  the  hole  of  the  plane  mirror  C  D, 
which  being  also  the  focus  of  the  eyeglass 
/  K,  the  eye  will  perceive  the  object  magnified 
and  distinct. 

In  the  figures  referred  to  in  the  above  de- 
scriptions, only  one  eyeglass  is  represented,  to 
avoid  complexity  ;  but  in  most  reflecting  tele- 
scopes, the  eyepiece  consists  of  a  combination 
of  two  plano-convex  glasses,  as  in  fig.  67, 
which  produces  a  more  correct  and  a  larger  field 
of  view  than  a  single  lens.  This  combination 
is  generally  known  by  the  name  of  the  Huy- 
genian  Eyepiece,  which  shall  be  described  in 
the  section  on  the  eyepieces  of  telescopes. 

The  following  rule  has  been  given  for  find- 
ing the  magnifying  power  of  the  Gregorian 
telescope :  Multiply  the  focal  distance  of  the 
great  mirror  by  the  distance  of  the  small 
mirror  from  the  image  next  the  eye,  and  mul- 
Fig.  67. 
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tiply  the  focal  distance  of  the  small  mirror  by 
the  focal  distance  of  the  eyeglass ;  then  divide 
the  product  of  the  former  multiplication  by  the 
product  of  the  latter,  and  the  quotient  will  ex- 
press the  magnifying  power.  The  following 
are  the  dimensions  of  one  of  the  reflecting 
telescopes  constructed  by  Mr.  Short,  who  was 
long  distinguished  as  the  most  eminent  maker 
of  such  instruments  on  a  large  scale,  and 
whose  large  reflectors  are  still  to  be  found  in 
rarious  observatories  throughout  Europe : 

The  focal  distance  of  the  great  mirror,  9.6 
inches;  or  P  m,  fig.  67,  its  breadth,  F  D,  2.3 ; 
the  focal  distance  of  the  small  mirror,  Ln,  1.5, 


or  1 J  inch  ;  its  breadth,  g  h,  0.6  or  6-10ths  of 
an  inch ;  the  breadth  in  the  hole  in  the  great 
mirror,  U  V,  0.5,  or  half  an  inch ;  the  distance 
between  the  small  mirror  and  the  next  eye- 
glass, L  R,  14.2;  the  distance  between  the 
two  eyeglasses,  S  R,  2.4 ;  the  focal  distance 
of  the  eyeglass  next  the  metal,  3.8  ;  and  the 
focal  distance  of  the  eyeglass  next  the  eye,  Sa, 
1.1,  or  ll-10th  of  an  inch.  The  magnifying 
power  of  this  telescope  was  about  60  times. 
Taking  this  telescope  as  a  standard,  the  fol- 
lowing table  of  the  dimensions  and  magnifying 
powers  of  Gregorian  reflecting  telescopes,  as 
constructed  by  Mr.  Short,  has  been  computed : 


Focal      dis- 
lance  of  the 
great    mir- 
ror. 

Breadth  of 
the       great 
mirror. 

In.  Dec. 
1.     54 
2.     30 
3.     30 
6.     26 
9.    21 

Focus  of  the 
small  specu- 
lum. 

Breadth    of 
ihe  hole   in 
the      great 
speculum. 

Distance  b<- 
iweeii      (lie 
•mall  specu- 
lum  ,iu.I  the 
fir»t       eye- 

gl.Mi. 

Focal     dis 
lance  of  the 
glass     next 
Ihe  metals. 

In:   Dec: 
2.     44 
3.     13 
3.    94 
5.     12 
6.     43 

Focal      dis- 
taoceof  the 
glass      next 
the  eye. 

Distance  be. 
tween      the 
plain     side* 
of    the  two 

glasses. 

Minifying 
power. 

Distance  be- 
tween      the 
second  flaw 
and           the 
small     eye- 
hole. 

In.   Dee. 
5.     65 
9.     60 
15.    50 
36.     00 
L60.     00 

L    n 
In.  Dec. 
1.     10 
1.     50 
2.      14 
3.     43 
5.     00 

U     V 
In;  Dec 
0.     31 
0.    39 
0.    50 
0.     65 
0.     85 

L    II 
In:  Dec: 
8.     54 
14.    61 
23.     81 
41.     16 
68.     17 

S 
In.  Dec. 
0.     81 
1.     01 
1.     31 
1.    71 
2.     14 

R    S 
In.  Dec. 
1.    68 
2.    09 
2.     63 
3.     41 
4.     28 

In. 
39 
60 
86 
165 
213 

0.    41 
0.     52 
0.    66 
0.    85 
1.    87 

Mr.  Short — who  was  born  in  Edinburgh  in 
1710,  and  died  near  London,  1768— was  con- 
sidered as  the  most  accurate  constructor  of 
reflecting  telescopes  during  the  period  which 
intervened  from  1732  to  1768.  In  1743  he 
constructed  a  reflector  for  Lord  Thomas 
Spencer,  of  12  feet  focal  length,  for  which  he 
received  600  guineas.  He  made  several  other 
telescopes  of  the  same  focal  distance,  with 
greater  improvements  and  higher  magnifiers ; 
and,  in  1752,  finished  one  for  the  King  of 
Spain,  for  which,  with  its  whole  apparatus,  he 
received  £1200.  This  was  considered  the 
noblest  instrument  of  its  kind  that  had  then 
been  constructed,  and  perhaps  it  was  never 


surpassed  till  Herschel  constructed  his  twenty 
and  forty  feet  reflectors.  High  as  the  prices 
of  large  telescopes  now  are,  Mr.  Short  charged 
for  his  instruments  at  a  much  higher  rate  than 
opticians  now  do,  although  the  price  of  labour, 
and  every  other  article  required  in  the  con- 
struction of  a  telescope  is  now  much  dearer. 
But  he  had  then  scarcely  any  competitor,  and 
he  spared  neither  trouble  nor  expense  to  make 
his  telescopes  perfect,  and  put  such  a  price 
upon  them  as  properly  repaid  him.  The 
following  table  contains  a  statement  of  the 
apertures,  powers,  and  prices  of  Gregorian 
telescopes,  as  constructed  by  Mr.  James 
Short  :* 


Number. 

Focal    length 
n  inches: 

Diameter    of 
aperture      in 
nches. 

Magnifying  powers. 

Prices  in 
guineai. 

3 

1.1 

Power  of                                                  18  times 

3 

*i 

1.3 

25     " 

4 

7 

1.9 

40      " 

6 

H 

2.5 

Powers                                         40  and  60 

8 

12 

3.0 

"                                                55  and  85 

10 

12 

3.0 

•«                                 35,  55,  85,  and  110 

14 

7 

18 

3.8 

"  •                             55,  95,  130,  and  200 

20 

8 

24 

4.5 

"                             90,  150,  230,  and  300 

35 

9 

36 

6.3 

"                            100,  200,  300,  and  400 

75 

10 

48 

7.6 

"                            120,  260,  380,  and  500 

100 

11 

72 

12.2 

"                            200,  400,  600,  and  800 

300 

13 

144 

180 

"                         300,  600,  900,  and  1200 

800 

From  this  table  it  appears  that  Mr.  Short 
charged  75  guineas  for  a  3  feet  reflector, 
whereas  such  an  instrument  is  now  marked  in 
the  London  opticians'  catalogues  at  £23  when 
mounted  on  a  common  brass  stand,  and  £39 
18$.  when  accompanied  with  rack- work  mo- 
tions and  other  apparatus.  It  is  now  generally 
understood  that  in  the  above  table  Short 
always  greatly  overrated  the  higher  powers  of 
(824) 


his  telescopes.     By  experiment,  they   were 


*  Miss  Short,  who  has  erected  and  who  super- 
intends an  observatory  on  the  Ciilton  Hill,  Edin- 
burgh, is  the  descendant  of  a  brother  of  Mr.  Short. 
She  is  in  possession  of  a  large  Gregorian  reflector, 
about  12  feet  long,  made  by  Mr.  Short,  and  mount- 
ed on  an  equatorial  axis.  It  was  originally  placed 
in  a  small  observatory  erected  on  the  Calton  Hill 
abont  the  year  1776,  but  for  many  years  past  it 
has  been  little  used. 
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generally  found  to  magnify  much  less  than 
here  expressed. 

General  Remark*  on  Gregorian  Reflec- 
tors.— 1.  In  regard  to  the  hole,  U  V,  of  the 
great  speculum,  its  diameter  should  be  equal, 
or  nearly  so,  to  that  of  the  small  speculum,  L, 
fig.  67 ;  for  if  it  be  less,  no  more  parallel  rays 
will  be  reflected  than  if  it  were  equal  to  g  ht 
and  it  may  do  harm  in  contracting  the  visible 
area  within  too  narrow  limits ;  nor  must  it  be 
larger  than  the  mirror  L,  because  some  paral- 
lel rays  will  then  be  lost,  and  those  of  most 
consequence,  as  being  nearest  the  centre. 
2.  The  small  hole  at  e,  to  which  the  eye  is 
applied,  must  be  nicely  adjusted  to  the  size  of 
the  cone  of  rays  proceeding  from  the  nearest 
lens,  S.  If  it  be  larger,  it  will  permit  the 
foreign  light  of  the  sky  or  other  objects  to 
enter  the  eye,  so  as  to  prevent  distinct  vision ; 
for  the  eye  should  receive  no  light  but  what 
comes  from  the  surface  of  the  small  mirror,  L. 
If  the  hole  be  smaller  than  the  cylinder  of  rays 
at  e,  then  some  of  the  necessary  light  will  be 
excluded,  and  the  object  rendered  more  ob- 
scure. The  diameter  of  this  hole  may  be 
found  by  dividing  the  aperture  of  the  telescope 
in  inches  by  its  magnifying  power.  Thus,  if 
we  divide  the  diameter  of  one  of  Short's  tele- 
scopes, the  diameter  of  whose  large  speculum 
is  2.30,  by  60,  the  magnifying  power,  the 
quotient  will  be  .0383,  which  is  nearly  the 
j'jth  of  an  inch.  Sometimes  this  hole  is 
made  so  small  as  the  ^th  of  an  inch.  When 
this  hole  is,  by  any  derangement,  shifted  from 
its  proper  position,  it  sometimes  requires  great 
nicety  to  adjust  it,  and,  before  it  is  accurately 
adjusted,  the  telescope  is  unfit  for  accurate 
observation.  3.  It  is  usual  to  fix  a  plate  with 
a  hole  in  it  at  a  by  the  focus  of  the  eyeglass  S, 
of  such  a  diameter  as  will  circumscribe  the 
image,  so  as  to  exhibit  only  that  part  of  it 
which  appears  distinct,  and  to  exclude  the 


superfluous  rays.  4.  There  is  an  adjusting 
screw  on  the  outside  of  the  great  tube,  con- 
nected with  the  small  speculum,  by  which 
that  speculum  may  be  pushed  backward  or  for- 
ward to  adjust  the  instrument  to  distinct  vision. 
The  hand  is  applied  for  this  purpose  at  T. 

Newtonian  Telescopes. — These  telescopes 
are  now  more  frequently  used  for  celestial  ob- 
servations than  during  the  last  century,  when 
Gregorian  reflectors  were  generally  preferred. 
Sir  W.  Herschel  was  chiefly  instrumental  in 
introducing  this  form  of  the  reflecting  tele- 
scope to  the  more  particular  attention  of  astro- 
nomers, by  the  splendour  and  extent  of  the 
discoveries  which  it  enabled  him  to  make.  In 
this  telescope  there  is  no  hole  required  in  the 
middle  of  the  great  speculum,  as  in  the  Gre- 
gorian construction,  which  circumstance  se- 
cures the  use  of  all  the  rays  which  flow  from 
the  central  parts  of  the  mirror. 

The  following  table  contains  a  statement 
of  the  apertures  and  magnifying  powers  of 
Newtonian  telescopes,  and  the  focal  distances 
of  their  eyeglasses.  The  first  column  contains 
the  focal  length  of  the  great  speculum  in  feet ; 
the  second,  its  linear  aperture  in  inches ;  the 
third,  the  focal  distance  of  the  single  glass  in 
decimals,  or  in  lOOOths  of  an  inch,  uud  the 
fourth  column  contains  the  magnifying  power. 
This  portion  of  the  table  was  constructed  by 
using  the  dimensions  of  Mr.  Hadley's  New- 
tonian telescope,  formerly  referred  to,  as  a 
standard,  the  focal  distance  of  the  great  mirror 
being  62£  inches,  its  medium  aperture  5  inches, 
and  power  208.  The  fifth,  sixth,  and  seventh 
columns  contain  the  apertures  of  the  concave 
speculum,  the  focal  lengths  of  the  eyeglasses, 
and  the  magnifying  powers,  as  calculated  by 
Sir  D.  Brewster,  from  a  telescope  of  Mr. 
Hauksbee,  taken  as  a  standard,  whose  focal 
length  was  3  feet  3  inches,  its  aperture  about 
4  inches,  and  magnifying  power  226  times. 


Focal  distance  of 
concave  metal. 

Aperture  of  con- 
care  metal.  ' 

Focal  distance  of 
single  eyegla*». 

Maenifying 
power. 

Sir  D.  Brewiter's  Nurnnerg. 

.Aperture  of  the  con- 
cave speculum. 

Focal  leugiu  of 
eveclasn. 

Magmfying 
power. 

Feet. 

lac.    Dec. 

Inc.    D«c. 

IDC.    Dec. 

Inc.    Dec. 

o* 

0.     86 

0.      167 

36 

1.     34 

0.      107 

56 

1 

1.    44 

0.     199 

60 

2.     23 

0.     129 

93 

2 

2.    45 

0.    236 

102 

3.     79 

0.     152 

158 

3 

3.     31 

0.    261 

138 

5.     14 

0.     168 

214 

4 

4.     10 

0.    281 

171 

!          6.    36 

0.     181 

265 

5 

4.     85 

0.    297 

202 

i          7.    51 

0.     192 

313 

6 

5.     57 

0.    311 

232 

8.     64 

0.    200=1 

360 

7 

6.    2t 

0.     323 

260 

9.     67 

0.     209    5 

403 

8 

6.     89 

0.    334 

287 

10.    44 

0.    218 

445 

9 

7.    54 

0.    344 

314 

11.    69 

0.     222 

487 

10 

8.     16 

0.    353 

340 

12.    65 

0.     228 

527      < 

11 

8.    76 

0.     362 

365 

13.     58 

0.     233 

566 

12 

9.    36 

0.    367 

390 

14.    50 

0.     238 

604 

13 

9.    94 

0.    377 

414 

i        15.    41 

0.     243 

643 

14 

10.    49 

0.     384 

137 

16.    25 

0.    248 

677 

15 

11.    01 

0.    391 

160 

17.     11 

0.     252 

713 

16 

11.    59 

0.    397 

183 

17.     98 

0.     256 

749 

17 

12.     14 

0.    403 

506 

18.    82 

0.    260 

784 

18 

12.    67 

0.     409 

528 

19.    63 

0.    264 

818 

19 

13.     20 

0.     414 

550 

20.     45 

0.     268 

852 

20 

13.     71 

0.    420 

571 

21.    24 

0.    271 

895>,, 

104 
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One  great  advantage  of  reflecting  telescopes 
above  common  refractors  is,  that  they  will 
admit  of  eyeglasses  of  a  much  shorter  focal 
distance,  and,  consequently,  will  magnify  so 
much  the  more,  for  the  rays  are  not  coloured 
by  reflection  from  a  concave  mirror,  if  it  be 
ground  to  a  true  figure,  as  they  are  by  passing 
through  a  convex  glass,  though  figured  and 
polished  with  the  utmost  exactness.  It  will 
be  perceived  from  the  above  table  that  the 
focal  length  of  the  eyeglasses  is  very  small, 
the  lowest  there  stated  being  only  about  T'eth 
of  an  inch,  and  the  highest  little  more  than 
£th  of  an  inch  focal  distance.  Sir  W.  Her- 
schel  obtained  the  high  powers  which  he 
sometimes  put  upon  his  telescopes  by  using 
small  double  convex  lenses  for  eyeglasses, 
some  of  which  did  not  exceed  the  one  fiftieth 
of  an  inch  in  focal  length.  When  the  focal 
length  of  the  concave  speculum  and  that  of 
the  eyeglass  are  given,  the  magnifying  power 
is  found  by  dividing  the  former  by  the  latter, 
after  having  reduced  the  focal  length  of  the 
concave  speculum  to  inches.  Thus  the  6 
feet  speculum,  multiplied  by  12,  produces  72 
inches,  which,  divided  by  Brewster's  number 
for  the  focus  of  the  eyeglass  =  200,  or  £th  of 
an  inoh,  produces  a  quotient  of  360  as  the 
magnifying  power.  It  has  been  calculated 
that,  if  the  metals  of  a  Newtonian  telescope  be 
worked  as  exquisitely  as  those  in  Sir  W.  Her- 
schel's  7  feet  reflector,  the  highest  power  that 
•such  a  telescope  should  bear  with  perfect  dis- 
tinctness will  be  found  by  multiplying  the 
diameter  of  the  great  speculum  in  inches  by 
74,  and  the  focal  distance  of  the  single  eye- 
glass may  be  found  by  dividing  the  focal  dis- 
tance of  the  great  mirror  by  the  magnifying 
power.  Thus  6.25 — the  aperture  in  inches 
of  Herschel's  7  feet  Newtonian — multiplied 
by  74,  is  462^,  the  magnifying  power;  and  7 
multiplied  by  12,  and  divided  by  462,  is  50.182 
of  an  inch,  the  local  distance  of  the  single  eye- 
glass required.  But  it  is  seldom  that  more 
than  one-half  of  this  power  can  be  applied 
with  effect  to  any  of  the  planetary  bodies. 
For  general  purposes,  the  power  produced  by 
multiplying  the  diameter  of  the  speculum  by 
30  or  40  will  be  found  most  satisfactory. 

The  following  are  the  general  prices  of 
Deflecting  telescopes  as  made  by  the  London 
opticians. 

A  four  feet,  seven  inch  aperture, 
Gregorian  reflector,  with  the  verti- 
cal motions  upon  a  new  invented 
principle,  as  well  as  apparatus  to 
render  the  tube  more  steady  in  ob- 
servation, according  to  the  additional 
apparatus  of  small  speculums,  eye- 
pieces, micrometers,  &c.,from  80  to  120  0 
(826) 


£.    s. 

Three  feet  long,  mounted  on  a 
plain  brass  stand  .  .  .  .  23  2 

Ditto,  with  rack-work  motions, 
improved  mounting,  and  rnetals  .  39  18 

Two  feet  long,  without  rack-work, 
and  with  4  magnifying  powers,  im- 
proved   .         .         .         .         .  15  15 
Ditto,  with  rack-work  motion        .     22     1 
Eighteen  inch,  on  a  plain  stand     .       9     9 
Twelve  inch,  ditto        .         .         .66 

The  above  are  the  prices  stated  in  Messrs. 
W.  and  S.  Jones's  catalogue. 

The  following  list  of  prices  of  the  various 
kinds  of  reflecting  telescopes  is  from  Messrs. 
Tulley's  (of  Islington)  catalogue. 

£.    « 

1  foot  Gregorian  reflector,  on  pil- 
lar and  claw  stand,  metal  24  inches 
diameter,  packed  in  a  mahogany  box       6     6 

1^  foot  ditto,  on  pillar  and  claw 
stand,  metal  3  inches  diameter, 
packed  in  a  mahogany  box  .  .  1111 

2  feet  ditto,  metal  4  inches  diame- 
ter           16  16 

Ditto,  ditto,  with  rack-work  mo- 
tions   25  4 

3  feet  ditto,  metal  5  inches  diam- 
eter, with  rack-work  motions    .         .     42     0 

Ditto,  metal  6  inches  diameter,  on 
a  tripod  stand,  with  centre  of  gravity 
motion  .  .  .  .  .  68  5 

4  feet  ditto,  metal  7  inches  diam- 
eter, as  above  .         .         .         .  105     0 

6  feet  ditto,  metal  9  inches  diam- 
eter, on  an  improved  iron  stand        .210     0 

7  feet    Newtonian    reflectors,    6 
inches  aperture,  mounted  on  a  new 

and  improved  stand          .         .         .  105     0 

Ditto,  ditto,  metal  7  inches  diam- 
eter   126  0 

9  feet  ditto,  metal  9  inches  diam- 
eter         210     0 

10  feet  ditto,  metal  10  inches  dia- 
meter      315     0 

12  feet  ditto,  metal  12  inches  dia- 
meter   525  0 

Comparative  Brightness  of  Achromatic 
and  Reflecting  Telescopes. — The  late  astro- 
nomer royal,  Dr.  Maskelyne,  from  a  compa- 
rison of  a  variety  of  telescopes,  was  led  to  the 
following  conclusion  :  "  that  the  aperture  of  a 
common  reflecting  telescope,  in  order  to  show 
objects  as  bright  as  the  achromatic,  must  be 
to  that  of  an  achromatic  telescope  as  8  to  5 ;" 
in  other  words,  an  achromatic  whose  object- 
glass  is  5  inches  in  diameter,  will  show  ob- 
jects with  as  great  a  degree  of  brightness  as 
a  reflector  whose  large  speculum  is  8  inches 
in  diameter.  This  result,  if  correct,  must  be 
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owing  to  the  small  number  of  rays  reflected 
from  a  speculum  compared  with  the  number 
transmitted  through  an  achromatic  object-glass. 


SECTION  II. 
The  Herschelian  Telescope. 

Soon  after  Sir  William  Herschel  com- 
menced his  astronomical  career,  he  intro- 
duced a  new  era  in  the  history  of  reflecting 
telescopes.  After  he  had  cast  and  polished 
an  immense  variety  of  specula  for  telescopes 
of  different  sizes,  he  at  length,  in  the  year 
1782,  finished  a  20  feet  reflector  with  a  large 
aperture.  Being  sensible  of  the  vast  quantity 
of  light  which  is  lost  by  a  second  reflection 
from  the  small  speculum,  he  determined  to 
throw  it  aside  altogether,  and  mounted  this 
20  feet  reflectoi  on  a  stand  that  admitted  of 
being  used  without  a  small  speculum  in  mak- 
ing front  observations  ;  that  is,  in  sitting  with 
his  back  to  the  object,  and  looking  directly 
towards  the  surface  of  the  speculum.  Many 
of  his  discoveries  and  measurements  of  double 
stars  were  made  with  this  instrument,  till  at 
length,  in  the  year  1785,  he  put  the  finishing 
hand  to  that  gigantic  speculum,  which  soon 
became  the  object  of  universal  astonishment, 
and  which  was  intended  for  his  forty-feet  re- 
flecting telescope.  He  had  succeeded  so  well 
in  constructing  reflecting  telescopes  of  com- 
paratively small  aperture,  that  they  would 
bear  higher  magnifying  powers  than  had  ever 
previously  been  applied ;  but  he  found  that  a 
deficiency  of  light  could  only  be  remedied  by 
an  increased  diameter  of  the  large  speculum, 
which  therefore  was  his  main  object  when  he 
undertook  to  accomplish  a  work  which  to  a 
man  less  enterprising  would  have  appeared 
impracticable.  The  difficulties  he  had  to 
overcome  were  numerous,  particularly  in  the 
operative  department  of  preparing,  melting, 
annealing,  grinding,  and  polishing  a  mass  of 
metal  that  was  too  unwieldy  to  be  moved 
without  the  aid  of  mechanical  powers.  At 
length,  however,  all  difficulties  having  been 
overcome,  this  magnificent  instrument  was 
completed,  with  all  its  complicated  apparatus, 
and  erected  for  observation,  on  the  28th  of 
August,  1789,  and  on  the  same  day  the  sixth 
satellite  of  Saturn  was  detected,  as  a  prelude 
of  still  further  discoveries  which  were  after- 
ward made  by  this  instrument  in  the  celestial 
regions. 

It  would  be  too  tedious  to  attempt  a  de- 
scription of  all  the  machinery  and  apparatus 
connected  with  this  noble  instrument.  The 
reader  who  wishes  to  peruse  a  minute 
description  of  the  stairs,  ladders,  platform, 


rollers,  and  of  every  circumstance  relating  to 
joiner's  work,  carpenter's  work,  smith's  work, 
and  other  partieul&rs  connected  with  the  for- 
mation and  erection  of  this  telescope,  will  find 
the  details  recorded  in  the  85th  volume  of  the 
Philosophical  Transactions  of  the  Royal  So- 
ciety of  London  for  1795,  in  which  there  are 
sixty-three  pages  of  letter-press,  and  eighteen 
plates  illustrative  of  the  subject.  I  shall  con- 
tent myself  with  giving  a  short  outline  of  the 
essential  parts  belonging  to  this  instrument. 

The  tube  of  this  telescope  is  made  of  rolled 
or  sheet  iron,  joined  together  without  rivets ; 
the  thickness  of  the  sheets  is  somewhat  less 
than  j^th  part  of  an  inch,  or  14  pounds 
weight,  for  a  square  foot.  Great  care  was 
taken  that  the  cylindrical  form  should  be  se- 
cured, and  the  whole  was  coated  over  three 
or  four  times  with  paint,  inside  and  outside, 
to  secure  it  against  the  damp.  This  tube  was 
removed  from  the  place  in  which  it  was  form- 
ed by  24  men,  divided  into  six  sets,  so  that 
two  men  on  each  side,  with  a  pole  5  feet  long 
in  their  hands,  to  which  was  affixed  a  piece 
of  coarse  cloth  7  feet  long,  going  under  the 
tube,  and  joined  to  a  pole  5  feet  long  in  the 
hands  of  two  other  men,  assisted  in  carrying 
the  tube.  The  length  of  this  tube  is  39  feet 
4  inches,  the  diameter  4  feet  10  inches ;  and, 
on  a  moderate  computation,  it  was  ascertained 
that  a  wooden  tube  of  proper  dimensions 
would  have  exceeded  an  iron  one  in  weight 
by  at  least  3000  pounds.  Reckoning  the  cir- 
cumference of  the  tube  15  feet,  its  length  39j 
feet,  and  14  lib.  for  the  weight  of  a  square 
foot,  it  must  have  contained  590  square  feet, 
and  weighed  8260  pounds.  Various  hoops 
were  fixed  within  the  tube,  and  longitudinal 
bars  of  iron  connecting  some  of  them  are 
attached  to  the  two  ends  of  the  tube,  by  way 
of  bracing  the  sheets,  and  preserving  the  shape 
perfect,  when  the  pulleys  are  applied  to  give 
the  necessary  elevation  at  the  upper  end,  and 
that  the  speculum  may  be  kept  secure  at  the 
lower  end.  The  lower  end  of  the  tube  is 
firmly  supported  on  rollers,  'that  are  capable 
of  being  moved  forward  or  backward  by  a 
double  rack,  connected  with  a  set  of  wheels 
and  pinions.  By  an  adjustment  at  the  lower 
extremity  of  the  tube,  the  speculum  is  turned 
to  a  small  inclination,  so  that  the  line  of  col- 
limation  may  not  be  coincident  with  the  lon- 
gitudinal axis  of  the  tube,  but  may  cross  the 
tube  diagonally,  and  meet  the  eye  in  the  air 
at  about  two  inches  from  the  edge  of  the  tube, 
which  is  the  peculiarity  of  the  construction 
that  supersedes  the  necessity  of  applying  a 
second  reflector.  Hence  no  part  of  the  head 
of  the  observer  intercepts  the  incident  rays, 
and  the  observation  is  taken  with  the  face 
looking  at  the  speculum,  the  back  being 
turned  to  the  object  to  be  observed. 
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The  large  speculum  is  inclosed  in  a  strong 
iron  ring,  braced  across  with  bars  of  iron,  and 
an  inclosure  of  iron,  and  ten  sheets  make  a 
case  for  it.  It  is  lifted  by  three  handles  of 
iron  attached  to  the  sides  of  the  ring,  and  is 
put  into  and  taken  out  of  its  proper  place 
in  the  tube  by  the  help  of  a  movable  crane, 
running  on  a  carriage,  which  operation  re- 
quires great  care.  The  speculum  is  made  of 
a  metallic  composition,  and  is  49$  inches  in 
diameter;  but  the  concave  polished  surface  is 
only  48  inches,  or  4  feet  in  diameter.  Its 
thickness  is  3J  inches;  and  when  it  came 
from  the  cast  its  weight  was  2118  pounds. 
The  metals  for  its  formation  were  procured  at 
a  warehouse  in  Thames-street,  London, 
where  they  kept  ingots  of  two  kinds  ready 
made,  one  of  white  and  the  other  of  bell- 
metal  ;  and  it  was  composed  of  two  ingots  of 
bell-metal  for  one  of  white.  It  was  not  to  be 
expected  that  a  speculum  of  such  large  dimen- 
sions could  have  a  perfect  figure  imparted  to 
its  surface,  nor  that  the  curve,  whatever  it 
be,  would  remain  identically  the  same  in 
changes  of  temperature ;  therefore  we  are  not 
surprised  when  we  are  told  that  the  magnify- 
ing powers  used  with  this  telescope  seldom 
exceeded  200,  the  quantity  of  light  collected 
by  so  large  a  surface  being  the  principal  aim 
of  the  maker.  The  raising  of  the  balcony,  on 
which  the  observer  stands,  and  the  sliding  of 
the  lower  end  of  the  tube,  in  which  the  spe- 
culum rests,  are  effected  by  separate  tackles, 
and  require  only  occasional  motions;  but 
the  elevation  of  the  telescope  requires  the 
main  tackle  to  be  employed,  and  the  motion 
usually  given  in  altitude  at  once  was  two  de- 
grees ;  the  breadth  of  the  zone  in  which  the 
observations  were  made,  as  the  motion  of  the 
sphere  in  right  ascension  brought  the  objects 
into  view.  A  star,  however,  could  be  followed 
for  about  a  quarter  of  an  hour.  Three  per- 
sons were  employed  in  using  this  telescope, 
one  to  work  the  tackle,  another  to  observe, 
and  a  third  to  mark  down  the  observations. 
The  elevation  was  pointed  out  by  a  small 
quadrant  fixed  to  the  main  tube,  near  the 
lower  end,  but  the  polar  distance  was  indicated 
by  a  piece  of  machinery,  worked  by  a  string, 
which  continually  indicated  the  degree  and 
minute  on  a  dial  in  the  small  house  adjoining, 
while  the  time  was  shown  by  a  clock  in  the 
same  place,  Miss  Herschel  performing  the 
office  of  registrar. 

At  the  upper  end  the  tube  is  open,  and  di- 
rected to  the  part  of  the  heavens  intended  for 
observation,  and  the  observer,  standing  on  the 
foot-board,  looks  down  the  tube,  and  perceives 
the  object  by  rays  reflected  from  the  speculum 
through  the  eyeglass  at  the  opening  of  the 
tube.  When  the  telescope  is  directed  to  any 
objects  near  the  zenith,  the  observer  is  neces- 
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sarily  at  an  elevation  at  least  40  feet  from  the 
ground.  Near  the  place  of  the  eyeglass  ia 
the  end  of  a  tin  pipe,  into  which  a  mouthpiece 
may  be  placed,  so  that,  during  an  observation, 
a  person  may  direct  his  voice  into  this  pipe, 
while  his  eye  is  at  the  glass.  This  pipe, 
which  is  1^  inch  in  diameter,  runs  down  to 
the  bottom  of  the  tube,  where  it  goes  into  a 
turning  joint,  thence  into  a  drawing  tube, 
and  out  of  this  into  another  turning  joint, 
from  whence  it  proceeds,  by  a  set  of  sliding 
tubes,  towards  the  front  of  the  foundation 
timber.  Its  use  is  to  convey  the  voice  of  the 
observer  to  his  assistants,  for  at  the  last  place 
it  divides  itself  into  two  branches,  one  going 
into  the  observatory,  the  other  into  the  work- 
man's room,  ascending  in  both  places  through 
the  floor,  and  terminates  in  the  usual  shape 
of  speaking  trumpets.  Though  the  voice 
passes  in  this  manner  through  a  tube,  with 
many  inflections,  and  through  not  less  than 
115  feet,  it  requires  very  little  exertion  to  be 
well  understood. 

To  direct  so  unwieldly  a  body  to  any  part 
of  the  heavens  at  pleasure,  many  mechanical 
contrivances  were  evidently  necessary.  The 
whole  apparatus  rests  upon  rollers,  and  care 
was  previously  taken  of  the  foundation  in  the 
ground.  This  consists  of  concentrical  brick 
walls,  the  outermost  42  feet,  the  innermost  21 
feet  in  diameter,  2  feet  6  inches  deep  under 
ground,  2  feet  3  inches  broad  at  the  bottom, 
and  1  foot  2  inches  at  the  top,  capped  with 
paving  stones  3  inches  thick,  and  12|  inches 
broad. 

In  the  centre  is  a  large  post  of  oak,  framed 
together,  with  braces  under  ground,  and  walled 
fast  to  brickwork  to  make  it  steady.  Round 
this  centre  the  whole  frame  is  moved  horizon- 
tally by  means  of  20  rollers,  12  upon  the  outer 
and  8  upon  the  inner  wall.  The  vertical  mo- 
tion is.  given  to  the  instrument  by  means  of 
ropes  and  pulleys,  passing  over  the  main 
beam  supported  by  the  ladders.  These  lad- 
ders are  49  feet  long,  and  there  is  a  movable 
gallery  with  24  rollers  to  ease  its  motion. 
There  is  a  staircase  intended  for  persons  who 
wish  to  ascend  into  the  gallery  without  being 
obliged  to  go  up  the  ladder.  The  ease  with 
which  the  horizontal  and  vertical  motions  may 
be  communicated  to  the  tube  may  be  conceived 
from  a  remark  of  Sir  W.  Herschel,  that  in  the 
year  1789  he  several  times  observed  Saturn, 
two  or  three  hours  before  and  after  its  meri- 
dian passage,  with  one  single  person  to  con- 
tinue, at  his  directions,  the  necessary  horizon- 
tal and  vertical  motions. 

By  this  telescope  the  sixth  and  seventh 
satellites  of  Saturn  were  discovered,  only  one 
of  which  is  within  the  reach  of  the  20  feet 
reflector,  or  even  of  a  25  feet  instrument.  The 
discovery  of  the  satellites  of  the  planet  Uranus, 
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however,  was  made  by  the  20  feet  reflector, 
but  only  after  it  had  been  converted  from  the 
Newtonian  to  the  Herschelian  construction, 
which  affords  a  proof  of  the  superiority  of  the 
latter  construction  over  the  former  when  the 
same  speculum  is  used.  Never  had  the  hea- 
vens before  been  observed  with  so  extraordi- 
nary an  instrument  as  the  forty -feet  reflector. 
The  nebulosities  which  are  found  among  the 
fixed  stars  in  various  regions  of  the  heavens 
appeared  almost  all  to  resolve  themselves  into 
an  innumerable  multitude  of  stars ;  others, 
hitherto  imperceptible,  seemed  to  have  ac- 
quired a  distinct  light.  On  the  entrance  of 
Sirius  into  the  field  of  the  telescope,  the  eye 
was  so  violently  affected  that  stars  of  less 
magnitude  could  not  immediately  after  be  per- 
ceived, and  it  was  necessary  to  wait  for  20 
minutes  before  these  stars  could  be  observed. 
The  ring  of  Saturn  had  always  before  ceased 
to  be  visible  when  its  plane  was  directed  to- 
wards the  earth ;  but  the  feeble  light  which  it 
reflects  in  that  position  was  enough  for  Her- 
schel's  instrument,  and  the  ring,  even  then, 
still  remained  visible  to  him. 

It  has  been  generally  considered  that  this 
telescope  was  capable  of  carrying  a  power  of 
6000  times ;  and  perhaps,  for  the  purpose  of 
an  experiment,  and  for  trying  its  effect  on 
certain  objects,  such  a  power  may  have  been 
applied,  in  which  case  the  eyeglass  must  have 
been  only  /jths  of  an  inch  focal  distance,  or 
somewhat  less  than  y^th  of  an  inch.  But 
such  a  power  could  not  be  generally  applied 
with  any  good  effect  to  the  planetary  bodies, 
and  I  question  much  whether  any  power 
above  1000  times  was  ever  generally  used; 
for  it  is  the  quantity  of  light  which  the  tele- 
scope collects,  more  than  the  magnifying 
power,  that  enables  us  to  penetrate,  with  ef- 
fect, into  the  distant  spaces  of  the  firmament ; 
and  hence,  as  above  stated,  the  power  seldom 
exceeded  200,  which,  on  account  of  the  large 
diameter  of  the  speculum,  would  enable  the 
instrument  to  penetrate  into  the  distant  celes- 
tial spaces  perhaps  further  than  if  a  power 
of  as  many  thousands  of  times  had  been  ap- 
plied. 

Sir  John  Herschel,  who  inherits  all  the 
science,  skill,  and  industry  of  his  father,  some 
time  ago  ground  and  polished  a  new  speculum 
for  the  20  feet  tube,  formerly  noticed,  which 
is  connected  with  a  stand,  pulleys,  and  other 
appendages  similar  to  those  above  described, 
though  of  smaller  dimensions.  This  telescope 
shows  the  double  stars  exceedingly  well  de- 
fined, and  was  one  of  the  principal  instruments 
used  in  forming  his  catalogue  of  these  objects 
which  was  presented  to  the  Royal  Society,  in 
conjunction  with  that  of  Sir  James  South, 
about  the  year  1828.  I  suppose  it  is  likewise 
the  same  telescope  with  which  Sir  John  lately 


made  his  sidereal  observations  at  the  Cape  of 
Good  Hope. 


SECTIOX  III. 
Ramagtfs  large  Reflecting  Telescope. 

The  largest  front  view  reflecting  telescope 
in  this  country,  next  to  Herschel's  40  feet  in- 
strument, is  that  which  was  erected  at  the 
Royal  Observatory  at  Greenwich  in  the  year 
1820,  by  Mr.  Ramage,  of  Aberdeen.  The 
diameter  of  the  concave  reflector  is  15  inches, 
and  its  focal  length  25  feet.  It  is  erected  on 
machinery  which  bears  a  certain  resemblance 
to  that  of  Herschel's  which  we  have  now  de- 
scribed, but  the  mechanical  arrangements  are 
greatly  simplified,  so  that  the  instrument  is 
manageable  by  an  observer  without  an  assist- 
ant. The  tube  is  composed  of  a  twelve-sided 
prism  of  deal  f  ths  of  an  inch  thick.  At  the 
mouth  is  a  double  cylinder  of  different  diame- 
ters on  the  same  axis ;  around  this  a  cord  is 
wound  by  a  winch,  and  passes  up  from  the 
small  cylinder,  over  a  pulley,  and  down 
through  another  pulley  on  to  the  large  cylin- 
der. When  the  winch,  therefore,  is  turned  to 
raise  the  telescope,  the  endless  cord  is  un- 
wound from  the  smaller  cylinder  and  wound 
on  to  the  larger,  the  difference  of  the  size  of 
the  two  cylinders  will  be  double  the  quantity 
raised,  and  a  mechanical  force  to  any  extent 
may  thus  be  obtained,  by  duly  proportioning 
the  diameters  of  the  two  cylinders:  by  this 
contrivance  the  necessity  of  an  assistant  is 
superseded.  The  view  through  this  instru- 
ment first  astonished  those  observers  who  had 
not  been  accustomed  to  examine  a  heavenly 
body  with  a  telescope  possessing  so  much  light, 
and  its  performance  was  deemed  quite  extra- 
ordinary. But  when  the  first  impression  had 
subsided,  and  different  trials  had  been  made 
in  different  states  of  the  atmosphere,  it  was 
discovered  that  the  central  portion  of  the  spe- 
culum was  more  perfectly  figured  than  the 
ring  bordering  on  the  extreme  edges.  When 
the  aperture  was  limited  to  ten  or  twelve 
inches,  the  performance  as  to  the  distinctness 
in  its  defining  power  was  greatly  improved, 
and  the  light  was  so  brilliant  that  the  astrono- 
mer royal  was  disposed  to  entertain  an  opinion 
that  it  might  equal  that  of  a  good  achromatic 
refractor  of  the  same  dimensions.  When,  how- 
ever, very  small  and  obscure  objects  are  to  be 
observed,  the  whole  light  of  the  entire  aper- 
ture may  be  used  with  advantage  on  favour- 
able evenings. 

The  eyepieces  adapted  to  this  telescope  have 
powers  which  magnify  the  object  linearly  from 
100  to  1500  times,  which  are  competent  to 
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fulfil  all  the  purposes  of  vision  when  cleared 
of  aberration.  When  the  telescope  is  placed 
in  the  plane  of  the  meridian,  and  elevated, 
together  with  the  gallery,  into  any  required 
altitude,  the  meridional  sweeps,  formerly  prac- 
tised by  Sir  W.  Herschel,  and  continued  by 
Sir  John  with  great  success,  in  the  examina- 
tion of  double  stars  and  nebula,  may  be  ma- 
naged with  great  ease. 

Mr.  Ramage  had  a  telescope  of  about  the 
same  size  erected  in  an  open* space  in  Aber- 
deen, which  I  had  an  opportunity  of  inspect- 
ing when  I  paid  a  visit  to  that  gentleman  in 
1833,  but  cloudy  weather  prevented  my  ob- 
taining a  view  of  any  celestial  bodies  through 
it.  He  showed  me  at  that  time  two  or  three 
large  speculums,  from  12  to  18  inches  in  dia- 
meter, which  he  had  finished  some  time  be- 
fore, and  which  appeared  most  beautifully 
polished.  He  told  me,  too,  that  he  had  ground 
and  polished  them  simply  with  his  hand,  with- 
out the  aid  of  any  machinery  or  mechanical 
power:  a  circumstance  which,  he  said,  as- 
tonished the  opticians  of  London  when  it  was 
stated,  and  which  they  considered  as  almost 
incredible.  His  experience  in  casting  and  po- 
lishing metals  of  various  sizes  during  a  period 
of  15  or  16  years,  qualified  him  to  prepare 
specula  of  great  lustre,  and  with  an  unusually 
high  polish.  It  has  been  asserted  that  a  fifty- 
feet  telescope  by  Ramage,  of  21  inches  aper- 
ture, was  intended  to  be  substituted  for  the 
25  feet  instrument  erected  at  Greenwich,  and 
the  speculum,  it  is  understood,  was  prepared, 
and  ready  for  use,  provided  the  Navy  Board 
was  disposed  to  defray  the  expense  of  carry- 
ing the  plan  into  execution;,  but,  unfortu- 
nately, this  ingenious  artist  was  unexpectedly 
cut  off  in  the  midst  of  his  career,  about  the 
year  1835. 


SECTION  IV. 

Tlit  Aerial  Rejlector  constructed  by  the 
Author. 

A  particular  description  of  this  telescope 
was  given  in  the  "Edinburgh  New  Philo- 
sophical Journal"  for  April — July,  1826,  con- 
ducted by  Professor  Jameson,  the  greater  part 
of  which  was  copied  in  the  "  London  Ency- 
clopaedia," under  the  article  Telescope.  From 
this  description  I  shall  endeavour  to  condense 
a  brief  account  of  this  instrument,  with  a  few 
additional  remarks. 

About  the  year  1822,  an  old  speculum  27 
inches  in  focal  length,  very  imperfectly  po- 
lished, happened  accidentally  to  come  into  my 
possession,  and  feeling  no  inclination  to  fit  it 
up  in  the  Gregorian  form,  I  adopted  the  reso* 
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lution  of  throwing  aside  the  small  speculum, 
and  attempting  the  front  view,  notwitstanding 
the  uniform  assertion  of  opticians  that  such  an 
attempt  in  instruments  of  a  small  size  is  im- 
practicable. I  had  some  ground  for  expecting 
success  in  this  attempt  from  several  experi- 
ments I  had  previously  made,  particularly 
from  some  modifications  made  in  the  construc- 
tion of  astronomical  eyepieces,  which  have  a 
tendency  to  correct  the  aberration  of  the  rays 
of  light  when  they  proceed  somewhat  obliquely 
from  a  lens  or  speculum.  In  the  first  in- 
stance, I  placed  the  speculum  at  one  end  of  a 
tube  of  the  form  of  the  segment  of  a  cone,  the 
end  next  the  eye  being  somewhat  wider  than 
that  at  which  the  speculum  was  fixed,  and  its 
length  about  an  inch  shorter  than  the  focal 
distance  of  the  mirror.  A  small  tube  for  re- 
ceiving the  different  eyepieces  was  fixed  in 
the  inside  of  the  large  tube  at  the  end  next 
the  eye,  and  connected  with  an  apparatus  by 
which  it  could  occasionally  be  moved  either  in 
a  vertical  or  horizontal  direction.  With  the 
instrument  fitted  up  in  this  manner,  I  obtained 
some  interesting  views  of  the  moon  and  of  ter- 
restrial objects ;  but,  finding  that  one  side  of 
the  tube  intercepted  a  considerable  portion  of 
light  from  the  object,  I  determined  to  throw 
aside  the  tube  altogether,  and  to  fit  up  the  in- 
strument on  a  different  plan. 

A  short  mahogany  tube,  about  three  inches 
long,  was  prepared,  to  serve  as  a  socket  for 
holding  the  speculum.  To  the  side  of  this 
tube  an  arm  was  attached,  about  the  length 
of  the  focal  distance  of  the  mirror,  at  the 
extremity  of  which  a  brass  tube  for  receiving 
the  eyepieces  was  fixed,  connected  with  screws 
and  sockets,  by  which  it  might  be  raised  or 
depressed,  and  turned  to  the  right  hand  or  to 
the  left,  and  with  adjusting  apparatus,  by 
which  it  might  be  brought  nearer  to  or  further 
from  the  speculum.  Fig.  69  exhibits  a  general 
representation  of  the  instrument  in  profile.  A 
B  is  the  short  tube  which  holds  the  speculum ; 
C  D  the  arm  which  carries  the  eyetubes, 
which  consists  of  two  distinct  pieces  of  ma- 
hogany; the  part  D  being  capable  of  sliding 
along  the  under  side  of  C,  through  the  brass 
sockets  E  F.  To  the  under  part  of  the 
socket,  F,  is  attached  a  brass  nut  with  a 
female  screw,  in  which  the  male  screw,  a  b, 
acts  by  applying  the  hand  to  the  knob  e, 
which  serves  for  adjusting  the  instrument  to 
distinct  vision.  G  is  the  brass  tube  which 
receives  the  eyepieces.  It  is  supported  by  a 
strong  brass  wire,  c?  e,  which  passes  through 
a  nut  connected  with  another  strong  wire, 
which  passes  through  the  arm  D.  By  means 
of  the  nut  /  this  tube  may  be  elevated  or  de- 
pressed, and  firmly  fixed  in  its  proper  position; 
and  by  the  nut  d  it  may  be  brought  nearer  to, 
or  further  from,  the  arm  D. 
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By  the  same  apparatus,  it  is 
also  rendered  capable  of  being 
moved  either  in  a  vertical  or 
horizontal  direction  ;  but  when 
it  is  once  adjusted  to  its  pro- 
per position,  it  must  be  firmly 
fixed,  and  requires  no  further 
attention.  The  eyepiece  re- 
presented in  this  figure  is  the 
one  used  for  terrestrial  objects, 
which  consists  of  the  tubes  be- 
longing  to  a  pocket  achromatic 
telescope.  When  an  astrono- 
mical eyepiece  is  used,  the 
length  of  the  instrument  ex- 
tends only  to  the  point  I.  In 
looking  through  this  telescope 
the  right  eye  is  applied  at  the 
point  H,  and  the  observer's 
head  is  understood  to  be  un- 
covered, or,  at  least,  tightly 
covered  with  a  thin  cap.  For  those  who  use 
only  the  left  eye.  the  arm  would  require  to  be 
placed  on  the  opposite  side  of  the  tube,  or  the 
arm,  along  with  the  tube,  be  made  to  turn 
round  180  degrees. 

Fig.  70  represents  a  front,  or,  rather,  an 
oblique  view  of  the  instrument,  in  which  the 

Fig.  70. 


Fig.  69. 


position  of  the  speculum  may  be  seen.  All  the 
specula  which  I  fitted  up  in  this  form,  having 
been  originally  intended  for  Gregorian  re- 
flectors, have  holes  in  their  centres.  The  eye- 
piece is  therefore  directed  to  a  point  nearly 
equidistant  from  the  hole  to  the  left-hand  edge 
of  the  speculum,  that  is  to  the  point  a.  In 


one  of  these  instruments  fitted  up  with  a  four 
feet  speculum,  the  line  of  vision  is  directed  to 
the  point  b  on  the  opposite  side  of  the  specu 
lum,  but  in  this  case  the  eyetube  is  removed 
further  from  the  arm  than  in  the  former  case. 
The  hole  in  the  centre  of  the  speculum  is  ob- 
viously a  defect  in  this  construction  of  a  re- 
flecting telescope,  as  it  prevents  us  from 
obtaining  the  full  advantage  of  the  rays  which 
fall  near  the  centre  of  the  mirror ;  yet  the  per- 
'formance  of  the  instruments,  even  with  this 
disadvantage,  is  superior  to  what  we  should 
previously  have  been  led  to  expect. 

The  principal  nicety  in  the  construction  of 
the  instrument  consists  in  the  adjustment  and 
proper  direction  of  the  eyetube.  There  is  only 
one  position  in  which  vision  will  be  perfectly 
distinct.  It  must  be  neither  too  high  nor  too 
low ;  it  must  be  fixed  at  a  certain  distance 
from  the  arm,  and  must  be  directed  to  a  cer- 
tain point  of  the  speculum.  This  position 
must  be  ultimately  determined  by  experiment 
when  viewing  terrestrial  objects.  A  person 
unacquainted  with  this  construction  of  the 
telescope  would  perhaps  find  it  difficult,  in  the 
first  instance,  to  make  this  adjustment ;  but 
were  it  at  any  time  deranged,  through  acci- 
dent or  otherwise,  I  can  easily  make  the  ad- 
justment anew  in  the  course  of  a  minute  or 
two. 

In  pointing  this  telescope  to  the  object  in- 
tended to  be  viewed,  the  eye  is  applied  at  K, 
fig.  69,  and  looking  along  the  arm,  towards 
the  eyepiece,  till  it  nearly  coincides  with  the 
object,  it  will,  in  most  cases,  be  readily  found. 
In  this  way  I  can  easily  point  this  instrument 
to  Jupiter  or  Saturn,  or  to  any  of  tfye  other 
planets  visible  to  the  naked  eye,  even  when  a 
power  of  160  or  170  times  is  applied.  When 
high  magnifying  powers,  however,  are  used, 
it  may  be  expedient  to  fix,  on  the  upper  part 
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of  the  short  tube  in  which  the  speculum  rests, 
a  finder,  such  as  that  which  is  used  in  New- 
tonian telescopes.  When  the  moon  is  the 
object  intended  to  be  viewed,  she  may  be  in- 
stantly found  by  moving  the  instrument  till 
her  reflected  image  be  seen  from  the  eye-end 
of  the  telescope  on  the  face  of  the  mirror. 

I  have  fitted  up  several  instruments  of  the 
above  description  with  specula  of  16,  27,  35, 
and  49  inches  focal  distance.  One  of  these, 
having  a  speculum  of  27  inches  focal  length, 
and  an  astronomical  eyepiece  producing  a 
maynifying  power  of  about  90  times,  serves 
as  a  good  astronomical  telescope.  By  this 
instrument  the  belts  and  satellites  of  Jupiter, 
the  ring  of  Saturn,  and  the  mountains  and 
cavities  of  the  moon,  may  be  contemplated 
with  great  ease  and  distinctness.  With  a 
magnifying  power  of  35  or  40  times,  terres- 
trial objects  appear  remarkably  bright  and 
well  denned.  When  compared  with  a  Gre- 
gorian, the  quantity  of  light  upon  the  object 
appears  nearly  doubled,  and  the  image  is 
equally  distinct,  although  the  speculum  has 
several  blemishes,  and  its  surface  is  but  im- 
perfectly polished.  It  represents  objects  in 
their  natural  colours,  without  that  dingy  and 
yellowish  tinge  which  appears  when  looking 
through  a  Gregorian.  Another  of  these  in- 
struments is  about  four  feet  long.  The 
speculum  which  belongs  to  it  is  a  very  -old 
one  :  when  it  came  into  my  possession,  it  was 
so  completely  tarnished  as  scarcely  to  reflect 
a  ray  of  light.  After  it  was  cleaned,  it  ap- 
peared to  be  scarcely  half  polished,  and  its 
surface  is  covered  with  yellowish  stains  which 
cannot  be  erased.  Were  it  fitted  up  upon 
the  Gregorian  plan,  it  would,  I  presume,  be 
of  very  little  use,  unless  when  a  very  small 
magnifying  power  was  applied ;  yet  in  its 
present  form  it  bears  with  distinctness  a  mag- 
nifying power  of  130  times,  and  is  equal  in 
its  performance  to  a  3J  feet  achromatic.  It 
exhibits  distinct  and  interesting  views  of  the 
diversities  of  shade,  and  of  the  mountains, 
vales,  cavities,  and  other  inequalities  of  the 
moon's  surface.  With  a  power  of  about  50 
times,  and  a  terrestrial  eyepiece,  it  forms  an 
excellent  telescope  for  land  objects,  and  ex- 
hibits them  in  a  brilliant  and  novel  aspect. 
The  smallest  instrument  I  have  attempted  to 
construct  on  this  plan  is  only  5£  inches  focal 
distance,  and  IJths  of  an  inch  in  diameter. 
With  a  magnifying  power  of  about  15  times, 
it  shows  terrestrial  objects  with  distinctness 
and  brilliancy.  But  I  should  deem  it  inex- 
pedient to  fit  up  any  instrument  of  this  de- 
scription with  specula  of  a  shorter  focal  dis- 
tance than  20  or  24  inches.  The  longer  the 
focal  distance,  the  more  distinctness  may  be 
expected,  although  the  aperture  of  the  specu- 
lum should  be  comparatively  small. 
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The  following  are  some  of  the  properties 
and  advantages  peculiar  to  this  construction 
of  the  reflecting  telescope  : 

1.  It  is  extremely  simple,  and  maybe  fitted 
up  at  a  comparatively  small  expense.  In- 
stead of  large  and  expensive  brass  tubes,  such 
as  are  used  in  the  Gregorian  and  Nowtonian 
construction,  little  more  is  required  than  a 
short  mahogany  tube,  two  or  three  inches 
long,  to  serv(e  as  a  socket  for  the  speculum, 
with  an  arm  connected  with  it  about  the  focal 
length  of  the  speculum.  The  expense  of 
small  specula,  either  plain  or  concave,  is  saved, 
together  with  the  numerous  screws,  springs, 
&c.,  for  centring  the  two  specula,  and  placing 
the  small  mirror  parallel  to  the  large  one. 
The  only  adjustment  requisite  in  this  con- 
struction is  that  of  the  eyetube  to  the  specu- 
lum ;  and,  by  means  of  the  simple  apparatus 
above  described,  it  can  be  effected  in  the 
course  of  a  few  minutes.  Almost  the  whole 
expense  of  the  instrument  consists  in  the 
price  of  the  speculum  and  the  eyepieces. 
The  expense  of  fitting  up  the  four  feet  specu- 
lum alluded  to  above,  exclusive  of  specu- 
lum and  eyepiece,  but  including  mahogany 
tube  and  arm,  brass  sockets,  screws,  eyetube, 
brass  joint,  and  a  cast-iron  stand,  painted  and 
varnished,  did  not  amount  to£l  8s.  A  Gre- 
gorian of  the  same  size  would  have  required 
a  brass  tube  at  least  4^  feet  in  length,  which 
would  cost  five  or  six  guineas,  besides  the 
apparatus  connected  with  the  small  speculum, 
and  the  additional  expense  connected  with 
the  fitting  up  of  the  joint  and  stand  requisite 
for  supporting  and  steadying  so  unwieldy  an 
instrument.  While  the  one  instrument  would 
require  two  persons  to  carry  it  from  one  room 
to  another,  and  would  occupy  a  considerable 
space  in  an  ordinary  apartment,  the  other 
can  be  moved,  with  the  utmost  ease,  with  one 
hand,  to  any  moderate  distance,  and  the  space 
it  occupies  is  extremely  small. 

2.  It  is  more  convenient  for  viewing 
celestial  objects  at  a  high  altitude  than  other 
telescopes.  When  we  look  through  a  Gre- 
gorian reflector  or  an  achromatic  telescope  of 
four  or  five  feet  in  length,  to  an  object  ele- 
vated 50  or  60  degrees  above  the  horizon, 
the  body  requires  to  be  placed  in  an  uneasy 
and  distorted  position,  and  the  eye  is  some- 
what strained  while  the  observation  is  con- 
tinued ;  but  when  viewing  similar  objects  by 
the  Aerial  Reflector,  we  can  either  stand 
perfectly  erect,  or  sit  on  a  chair,  with  the 
same  ease  as  we  sit  at  a  desk  when  reading  a 
book  or  writing  a  letter.  In  this  way,  the 
surface  of  the  moon  or  any  other  of  the  planets 
may  be  contemplated  for  an  hour  or  two  with- 
out the  least  weariness  or  fatigue.  A  de- 
lineation of  the  lunar  surface  may  be  taken 
with  this  instrument  with  more  ease  and  ac- 


ON  REFLECTING  TELESCOPES. 


115 


curacy  than  with  any  other  instrument,  as 
the  observer  can  sketch  the  outline  of  the  ob- 
ject by  one  eye  on  a  tablet  placed  a  little  be- 
low the  eyepiece,  while  the  other  eye  is  looking 
at  the  object.  For  the  purpose  of  accommo- 
dating the  instrument  to  a  sitting  or  standing 
posture,  a  small  table  was  constructed,  capa- 
ble of  being  elevated  or  depressed  at  pleasure, 
on  which  the  stand  of  the  telescope  is  placed. 
When  the  telescope  is  four  or  five  feet  long, 
and  the  object  at  a  very  high  elevation,  the 
instrument  may  be  placed  on  the  floor  of  the 
apartment,  and  the  observer  will  stand  in  an 
erect  position. 

3.  This  instrument  is  considerably  shorter 
than  a  Gregorian  telescope  whose  mirror  is 
of  the  same  focal  length.     When  an  astro- 
nomical eyepiece  is  used,  the  whole  length 
of  the  instrument  is  nothing  more  than  the 
focal  length  of  the  speculum ;  but  a  Gregorian, 
whose  large  speculum  is  four  feet  focus,  will 
be  nearly  five  feet  in  length,  including  the 
eyepiece. 

4.  The  Aerial   Reflector   far   excels   the 
Gregorian  in  brightness.     The  deficiency  of 
light  in  the  Gregorians  is  owing  to  the  second 
reflection  from  the  small  mirror;  for  it  has 
been  proved  by  experiment  that  nearly  the 
one-half  of  the  rays  of  light  which  fall  upon 
a  reflecting  surface  is  lost   by  a  second  re- 
flection.    The  image  of  the  object  may  also 
be  presumed  to  be  more  correct,  as  it  is  not 
liable  to  any  distortion  by  being  reflected  from 
another  speculum. 

5.  There  is  less  tremor  in  these  telescopes 
than   in   Gregorian   reflectors.      One  cause, 
among  others,  of  the  tremors  complained  of  in 
Gregorians  is,  I  presume,  the  formation  of  a 
second  image  at  a  great  distance  from  the 
first,  besides  that  which  arises  from  the  elastic 
tremor  of  the  small  speculum,  when  carried 
by  an  arm  supported  only  at  one  end ;  but  as 
the  image  formed  by  the  speculum  in  the 
aerial  telescope  is  viewed  directly,  without 
being  exposed  to  any  subsequent  reflection,  it 
is  not  so  liable  to  the  tremors  which  are  so 
frequenty   experienced    in    other    reflectors. 
Notwithstanding  the  length  of  the  arm  of  the 
four  feet  telescope  above  mentioned,  a  celestial 
object  appears  remarkably  steady  when  pass- 
ing across  the  field  of  view,  especially  when 
it  is  at  a  moderate  degree  of  altitude ;  and  it 
is  easily  kept  in  the  field  by  a  gentle  motion 
applied  to  the  arm  of  the  instrument. 

In  prosecuting  my  experiments  in  relation 
to  these  instruments,  I  wished  to  ascertain 
what  effect  might  be  produced  by  using  a 
part  of  a  speculum  instead  of  the  whole. 
For  this  purpose,  I  cut  a  speculum,  three  feet 
in  focal  length,  through  the  centre,  so  as  to 
divide  it  into  two  equal  parts,  and  fitted  up 
each  part  as  a  distinct  telescope,  so  that  I  ob- 
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tained  two  telescopes  from  one  speculum.  In 
this  case,  I  found  that  each  half  of  the  specu- 
lum performed  nearly  as  well  as  the  whole 
speculum  had  done  before ;  at  least,  there  ap- 
peared to  bo  no  v>~ry  sensible  diminution  in 
the  brightness  of  the  object,  when  viewed 
with  a  moderate  power,  and  the  image  was 
equally  accurate  and  distinct ;  so  that  if  eco- 
nomy were  a  particular  object  aimed  at  in 
the  construction  of  these  instruments,  two 
good  telescopes  might  be  obtained  from  one 
speculum ;  or  if  a  speculum  happened  to  be 
broken  accidentally  into  large  fragments,  one 
or  more  of  the  fragments  may  be  fitted  up  on 
this  principle  to  serve  as  a  tolerably  good 
telescope. 

From  the  experiments  I  have  made  in  re- 
ference to  these  instruments,  it  is  demon- 
strable that  a  tube  is  not  necessary  in  the 
construction  of  a  reflecting  telescope — at  least, 
on  the  principle  now  stated — whether  it  be  used 
by  day  or  by  night,  for  terrestrial  or  celestial 
objects ;  for  I  have  frequently  used  these  tele- 
scopes in  the  open  air  in  the  daytime,  without 
any  inconvenience  from  extraneous  light. 
Therefore,  were  a  reflecting  telescope  of  50 
or  60  feet  in  length  to  be  constructed,  it  might 
be  fitted  up  at  a  comparatively  small  expense, 
after  the  expense  of  the  metallic  substances, 
and  of  casting,  grinding,  and  polishing  the 
speculum  is  defrayed.  The  largest  instru- 
ment of  this  description  which  has  hitherto 
been  constructed  is  the  40  feet  reflector  of 
Sir  W.  Herschel.  This  complicated  and 
most  unwieldy  instrument  had  a  tube  of  rolled 
or  sheet  iron  39  feet  4  inches  in  length, 
about  15  feet  in  circumference,  and  weighed 
about  8000  pounds.  Now  I  conceive  that 
such  enormous  tubes,  in  instruments  of  such 
dimensions,  are  altogether  unnecessary.  No- 
thing more  is  requisite  than  a  short  tube  for 
holding  the  speculum.  Connected  with  one 
side  of  this  tube  (or  with  both  sides  were  it 
found  necessary,)  two  strong  bars  of  wood, 
projecting  a  few  feet  beyond  the  speculum 
end,  and  extending  in  front  as  far  as  the  focal 
length  of  the  mirror,  and  connected  by  cross- 
bars of  wood,  iron,  or  brass,  would  be  quite 
sufficient  for  a  support  to  the  eyepiece,  and 
for  directing  the  motion  of  the  instrument. 
A  telescope  of  40  or  50  feet  in  length,  con- 
structed on  this  plan,  would  not  require  one- 
fifth  of  the  expense,  nor  one-fourth  of  the 
apparatus  and  mechanical  power  for  moving 
it  to  any  required  position,  which  were  found 
necessary  in  the  construction  of  Sir  W.  Her- 
schel's  large  reflecting  telescope.  The  idea 
here  suggested  will  perhaps  be  more  readily 
appreciated  by  an  inspection  of  fig  71,  where 
A  is  the  short  tube,  B  C  and  D  E  the  two 
large  bars  or  arms,  connected  with  crossbars, 
for  the  purpose  of  securing  strength  and  steadi- 
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ness.     At   /  and   A",  behind  the  speculum, 
weights  might  be  applied,  if  necessary,  for 

Fig.  71. 


counterbalancing  the  lever  power  of  the  long 
arm.  F  represents  the  position  of  the  eye- 
piece, and  G  H  the  joint  and  part  of  the 
pedestal  on  which  the  instrument  is  placed. 
With  regard  to  telescopes  of  smaller  dimen- 
sions, as  from  5  to  15  feet  in  focal  length — 
with  the  exception  of  the  expense  of  the 
specula  and  eyepieces — they  might  be  fitted 
up  for  a  sum  not  greater  than  from  3  to  10 
or  15  guineas. 

Were  any  person  to  attempt  the  construc- 
tion of  those  telescopes,  it  is  possible  he  might 
not  succeed  in  his  first  attempts  without  more 
minute  directions  than  I  have  yet  given.  The 
following  directions  may  perhaps  tend  to 
guide  the  experimenter  in  adjusting  the  eye- 
tube  to  the  speculum,  which  is  a  point  that 
requires  to  be  particularly  attended  to,  and  on 
which  depends  the  accurate  performance  of 
the  instrument.  After  having  fixed  the  eye- 
piece nearly  in  the  position  it  should  occupy, 
and  directed  the  instrument  to  a  particular 
object,  look  along  the  arm  of  the  telescope, 
from  K  (fig.  69)  to  the  extremity  of  the  eye- 
piece at  H,  and  observe  whether  it  nearly  co- 
incides with  the  object.  If  the  object  appear 
lower  than  this  line  of  vision,  the  eyepiece 
must  be  lowered,  and  if  higher,  it  must  be 
raised,  by  means  of  the  nuts  and  screws  at  g 
d  and/e,  till  the  object  and  the  line  of  vision 
now  stated  nearly  coincide.  The  eyepiece 
should  be  directed  as  nearly  perpendicular  to 
the  front  of  the  speculum  as  possible,  but  so 
that  the  reflected  image  of  one's  head  from 
the  mirror  shall  not  interfere  to  obstruct  the 
r,ays  from  the  object.  An  object  may  be  seen 
with  an  approximate  degree  of  distinctness, 
but  not  accurately,  unless  this  adjustment  be 
pretty  accurately  made.  The  astronomical 
eyepieces  used  for  these  telescopes  are  fitted 
with  a  brass  cap,  which  slides  on  the  end  next 
the  eye,  and  is  capable  of  being  brought 
nearer  to  or  further  from  the  first  eyeglass. 
In  the  centre  of  this  cap,  next  the  eye,  is  a 
Email  hole,  about  the  jUh  or  JUh  of  an  inch 
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diameter,  or  about  as  wide  as  to  admit  th* 
point  of  a  phi  or  a  moderate-sized  needle. 
The  distance  of  this  hole  from  the  lens  next 
the  eye  must  be  adjusted  by  trial,  till  the 
whole  field  of  view  appear  distinct.  A  com- 
mon astronomical  eyepiece,  without  this  addi- 
tion, does  not  answer  well.  I  find,  by  ex- 
perience, that  terrestrial  eyepieces,  such  as 
those  used  in  good  achromatic  telescopes,  are, 
on  the  whole,  best  adapted  to  this  construc- 
tion of  a  reflecting  telescope. 

I  have  sometimes  used  these  instruments 
for  the  purpose  of  viewing  perspective  prints, 
which  they  exhibit  in  a  beautiful  and  inter- 
esting manner.  If  a  coloured  perspective  be 
placed  at  one  end  of  a  large  room  or  gallery, 
and  strongly  illuminated  either  by  the  sun  or 
by  two  candles,  and  one  of  the  reflectors,  fur- 
nished with  a  small  magnifying  power,  placed 
at  the  opposite  end  of  the  room,  the  repre- 
sentation of  a  street  or  a  landscape  will  be 
seen  in  its  true  perspective,  and  will  appear 
even  more  pleasant  and  interesting  than  when 
viewed  through  the  common  optical  diagonal 
machine.  If  an  inverting  eyepiece  be  used — 
which  is  most  eligible  in  this  experiment — 
the  print,  of  course,  must  be  placed  in  an  in- 
verted position. 

That  reflecting  telescopes  of  the  descrip- 
tions now  stated  are  original  in  their  con- 
struction, appears  from  the  uniform  language 
of  optical  writers,  some  of  whom  have  pro- 
nounced such  attempts  to  be  altogether  im- 
practicable. Sir  David  Brewster,  one  of  the 
latest  and  most  respectable  writers  on  this 
subject,  in  the  "Edinburgh  Encyclopedia," 
art.  Optics,  and  in  the  last  edition  of  his  Ap- 
pendix to  "  Ferguson's  Lectures,"  has  the 
following  remarks:  "If  we  could  dispense 
with  the  use  of  the  small  specula  in  telescopes 
of  moderate  length,  by  inclining  the  great 
speculum,  and  using  an  oblique,  and,  conse- 
quently, a  distorted  reflection,  as  proposed 
first  by  Le  Maire,  we  should  consider  the 
Newtonian  telescope  as  perfect;  and  on  a 
large  scale,  or  when  the  instrument  exceeds 
20  feet,  it  has  undoubtedly  this  character,  as 
nothing  can  be  more  simple  than  to  magnify, 
by  a  single  eyeglass,  the  image  formed  by  a 
single  speculum.  As  the  front  view  is  quite 
impracticable,  and,  indeed,  has  never  been 
attempted  in  instruments  of  a  small  size,  it 
becomes  of  great  practicable  consequence  to 
remove  as  much  as  possible  the  evils  which 
arise  from  the  use  of  a  small  speculum,"  &c. 

The  instruments  now  described  have  effect- 
uated, in  some  degree,  the  desirable  object 
alluded  to  by  this  distinguished  philosopher, 
and  the  mode  of  construction  is  neither  that 
of  Sir  W.  Herschel's  front  view,  nor  does  it 
coincide  with  that  proposed  by  Le  Maire, 
which  appears  to  have  been  a  mere  hint  that 
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was  never  realized  in  the  construction  of  re- 
flecting telescopes  of  a  small  si^c.  The  sim- 
plicity of  the  construction  of  these  instruments, 
and  the  excellence  of  their  performance,  have 
been  much  admired  by  several  scientific  gen- 
tlemen and  others  to  whom  they  have  been 
exhibited.  Prior  to  the  description  of  them 
in  the  Edinburgh  Philosophical  Journal,  they 
were  exhibited  in  the  Calton  Hill  Observatory, 
Edinburgh,  in  the  presence  of  Professor  Wal- 
lace and  another  gentleman,  who  compared 
their  performance  with  that  of  an  excellent 
Gregorian.  As  this  instrument  is  distinguished 
from  every  otHer  telescope  in  being  used  with- 
out a  tube,  it  has  been  denominated  "  The 
Aerial  Reflector." 


SECTIOX  V. 

Earl  of  Rosse' s  Reflecting  Telescopes. 

This  nobleman,  unlike  many  of  his  com- 
peers,  has,  for  a  considerable  number  of  years 
past,  devoted  his  attention  to  the  pursuits  of 
science,  and  particularly  to  the  improvement 
of  reflecting  telescopes.  He  is  evidently  pos- 
sessed of  high  mathematical  attainments,  com- 
bined with  an  uncommon  degree  of  mechanical 
ingenuity.  About  14  or  15  years  ago,  he  en- 
gaged in  various  experiments  with  the  view 
of  counteracting  the  effects  of  the  spherical 
aberration  of  the  specula  of  reflecting  tele- 
scopes, which  imperfection,  if  it  could  be  com- 
pletely remedied,  would  render  the  reflecting 
telescope  almost  a  perfect  instrument,  as  it  is 
not  affected  by  the  different  refrangibility  of 
the  rays  of  light.  His  method,  we  believe, 
consisted  in  forming  a  large  speculum  of  two 
or  three  separate  pieces  of  metal,  which  were 
afterward  accurately  combined  into  one — a 
central  part,  which  was  surrounded  by  one  or 
two  rings  ground  on  the  same  tool.  When 
the  images  formed  by  the  separate  pieces  were 
made  exactly  to  coincide,  the  image  of  the 
object  towards  which  the  whole  speculum  was 
directed  was  then  found  to  be  as  distinct  as 
either  image  had  been  when  separate ;  but,  as 
the  period  referred  to,  a  sufficient  number  of 
experiments  had  not  been  made  to  determine 
that  his  lordship  had  completely  accomplished 
the  object  he  intended. 

Great  interest,  however,  has  of  late  been 
excited  by  the  improvements  which  his  lord- 
ship has  made  in  the  formation  of  specula. 
Sir  W.  Herschel  never  made  public  the  means 
by  which  he  succeeded  in  giving  such  gigantic 
developement  to  the  reflecting  telescope,  and 
therefore  the  construction  of  a  large  reflector 
has  been  considered  as  a  perilous  adventure ; 
but,  according  to  a  report  of  Dr.  Robinson,  of 


Armagh,  to  the  Irish  Academy,  the  Earl  of 
Rosse  has  overcome  the  difficulties  which  have 
hitherto  been  met  with,  and  carried  to  an  ex- 
tent which  even  Herschel  himself  did  not  ven- 
ture to  contemplate,  the  illuminating  power 
of  this  telescope,  along  with  a  sharpness  of 
definition  little  inferior  to  that  of  the  achro- 
matic ;  and  it  is  scarcely  possible,  he  observes, 
to  preserve  the  necessary  sobriety  of  language 
in  speaking  of  the  moon's  appearance  with 
this  instrument,  which  Dr.  Robinson  believes 
to  be  the  most  powerful  ever  constructed.  The 
difficulty  of  constructing  large  specula,  and 
of  imparting  to  them  the  requisite  degree  of 
polish,  has  hitherto  been  considered  so  great, 
that  from  eight  to  twelve  inches  diameter  has 
been,  in  general,  their  utmost  size;  indeed, 
except  with  the  greatest  reluctance,  London 
opticians  would  not  accept  of  orders  for  specula 
of  more  than  nine  inches  in  diameter.  It  ap- 
pears, however,  that  the  Earl  of  Rosse  has 
succeeded,  by  a  peculiar  method  of  moulding, 
in  casting  object-mirrors  of  true  speculum 
metal  of  three  feet  in  diameter,  and  of  a 
weight  exceeding  17  cwt.  He  is  about  to 
construct  a  telescope,  the  speculum  of  which 
is  six  feet  in  diameter,  fifty  feet  focal  dis- 
tance, and  of  the  weight  of  four  tons  ,•  and 
from  what  he  has  already  accomplished,  it  is 
not  doubted  that  he  possesses  the  power  to 
carry  his  design  into  effect.  These  great 
masses  of  metal,  which,  in  the  hands  of  all 
others  makers  of  specula,  would  have  been  as 
untractable  as  so  much  unannealed  flint-glass, 
the  Earl  of  Rosse  has  further  succeeded  in 
bringing  to  the  highest  degree  of  polish,  and 
the  utmost  perfection  of  curvature,  by  means 
of  machinery.  The  process  is  conducted  under 
water,  by  which  means  those  variations  of 
temperature,  so  fatal  to  the  finest  specula 
hitherto  attempted,  are  effectually  guarded 
against.  To  convince  Dr.  Robinson  of  the 
efficacy  of  this  machinery,  the  earl  took  the 
three-feet  speculum  out  of  its  telescope,  de- 
stroyed its  polished  surface,  and  placed  it  under 
the  mechanical  polisher.  In  six  hours  it  was 
taken  out  with  a  perfect  new  surface  as  bright 
as  the  original.  Under  the  old  system  of 
hand  polishing,  it  might  have  required  months, 
and  even  years,  to  effect  this  restoration.  Even 
before  achieving  these  extraordinary  triumphs 
on  the  solid  substance,  his  lordship  had  con- 
structed a  six-feet  reflector  by  covering  a 
curved  surface  of  brass  with  squares  of  the 
true  speculum  metal,  which  gave  an  immense 
quantity  of  light,  though  subject  to  some  ir- 
regularities, arising  from  the  number  of  join- 
ings necessary  in  such  a  mosaic  work.  Of 
the  performance  of  his  lordship's  great  tele- 
scope, mounted  with  this  reflector,  those  who 
have  seen  it  speak  in  terms  of  high  admira- 
tion :  but  in  reference  to  the  smaller  and  more 
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perfect  instrument,  furnished  with  the  solid 
three-feet  speculum,  the  language  of  the 
Armagh  astronomer  assumes  a  tone  of  en- 
thusiasm, and  even  of  sublimity.  By  means 
of  this  exquisite  instrument,  Dr.  Robinson 
and  Sir  J.  South,  in  the  intervals  of  a  rather 
unfavourable  night,  saw  several  new  stars, 
and  corrected  numerous  errors  of  other  ob- 
servers. For  example,  the  planet  Uranus, 
supposed  to  possess  a  ring  similar  to  that  of 
Saturn,  was  found  not  to  have  any  such  ap- 
pendage ;  and  those  nebulzs,  hitherto  regard- 
ed, from  their  apparently  circular  outline,  as 
"  coalescing  systems,"  appeared,  when  tested 
by  the  three-feet  speculum,  to  be  very  far  in- 
deed from  presenting  a  globular  appearance, 
numerous  offshoots  and  appendages,  invisible 
by  other  telescopes,  appearing  in  all  directions 
radiating  from  their  edges.  Such  discoveries, 
which  reflect  great  honour  on  the  Earl  of 
Rosse,  will  doubtless  have  great  effect  on  the 
interests  of  astronomical  science.* 


SECTIOX  VI. 
Reflecting  Telescopes  with  Glass  Specula. 

After  making  a  variety  of  experiments  with 
aerial  telescopes  constructed  of  metallic  specula 
of  different  focal  lengths,  I  constructed  a 
telescope  on  the  same  plan  with  a  concave 
glass  mirror.  Having  obtained  a  fragment  of 
a  very  large  convex  mirror  which  happened 
accidentally  to  have  been  broken,  I  caused 
the  convex  side  to  be  foliated  'or  silverized, 
and  found  its  focal  length  to  be  about  27 
inches.  This  mirror,  which  was  about  five 
inches  diameter,  I  placed  in  one  of  the  aerial 
reflectors  instead  of  the  metallic  speculum,  and 
tried  its  effects  with  different  terrestrial  eye- 
pieces. With  a  power  of  about  35  or  40 
times,  it  gave  a  beautiful  and  splendid  view 
of  distant  terrestrial  objects,  the  quantity  of 
light  reflected  from  them  being  considerably 
greater  than  when  a  metallic  speculum  was 
used,  and  they  appeared,  on  the  whole,  well 
defined.  The  only  imperfection — as  I  had 
foreseen — consisted  in  a  double  image  being 
formed  of  objects  which  were  remarkably 
bright  and  white,  such  as  a  lighthouse  whiten- 
ed on  the  outside,  and  strongly  illuminated 
by  the  sun.  One  of  the  images  was  bright, 
and  the  other  faint.  This  was  obviously 
owing  to  the  two  reflections  from  the  two  sur- 
faces of  the  mirror — one  from  the  convex 
silverized  side,  and  the  other  from  the  con- 
.ave  aide  next  the  eye,  which  produced  the 

*  A  particular  account  of  the  Earl  of  Rosse's  fifty- 
feet  reflector,  which  is  now  finished,  is  given  in 
the  Appendix. 
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faint  image — which  circumstance  has  been 
generally  considered  as  a  sufficient  reason  for 
rejecting  the  use  of  glass  specula  in  tele- 
scopes. But,  although  very  bright  objects 
exhibited  a  double  image,  almost  all  the  other 
objects  in  the  terrestrial  landscape  appeared 
quite  distinct  and  without  any  secondary 
image,  so  that  a  common  observer  could 
scarcely  have  noticed  any  imperfection.  When 
the  instrument,  however,  was  directed  to  celes- 
tial objects,  the  secondary  image  was  some- 
what vivid,  so  that  every  object  appeared 
double.  Jupiter  appeared  with  two  bodies,  at 
a  little  distance  from  each  other,  and  his  four 
satellites  appeared  increased  to  eight.  The 
moon  likewise  appeared  as  a  double  orb,  but 
the  principal  image  was  distinct  and  well  de- 
fined. Such  a  telescope,  therefore,  was  not 
well  adapted  for  celestial  observations,  but 
might  answer  well  enough  for  viewing  ter- 
restrial objects. 

Considering  that  the  injurious  effects  of  the 
secondary  image  arose  from  the  images  re- 
flected from  the  two  surfaces  being  formed 
near  the  same  point,  and  at  nearly  the  same 
focal  distance,  I  formed  a  plan  for  destroying 
the  secondary  image,  or  at  least  counteracting 
its  effects,  by  forming  the  concavity  of  the 
mirror  next  the  eye  of  a  portion  of  a  sphere 
different  from  that  of  the  convex  side  which 
was  silverized,  and  from  which  the  principal 
image  is  formed ;  but,  for  a  long  time,  I  could 
find  no  opticians  possessed  of  tools  of  a  suf- 
ficient length  of  radii  for  accomplishing  my 
design.  At  length  a  London  working  optician 
undertook  to  finish  a  glass  speculum  accord- 
ing to  my  directions,  which  were,  that  the 
convex  surface  of  the  mirror  should  be  ground 
on  a  tool  which  would  produce  a  focal  dis- 
tance by  reflection  of  about  four  feet,  and  that 
the  concave  surface  should  have  its  focal  dis- 
tance at  about  three  feet  three  inches,  so  that 
the  secondary  image  might  be  formed  at  about 
nine  inches  within  the  focal  distance  of  the 
silverized  side,  and  not  interfere  to  disturb  the 
principal  image ;  but,  either  from  ignorance 
or  inattention,  the  artist  mistook  the  radius 
for  the  half  radius  of  concavity,  and  the  spe- 
culum turned  out  to  be  only  23  inches  focal 
distance  by  reflection.  This  mirror  was  fitted 
up  as  a  telescope  on  the  aerial  plan,  and  I 
found,  as  I  expected,  the  secondary  image 
completely  destroyed.  It  produced  a  very 
beautiful  and  brilliant  view  of  land  objects, 
and  even  the  brightest  objects  exhibited  no 
double  image.  The  mirror  was  nearly  five 
inches  in  diameter,  but  the  image  was  most 
accurately  defined  when  the  aperture  was 
contracted  to  about  three  inches.  It  was  fit- 
ted with  a  terrestrial  eyepiece  which  produced 
a  magnifying  power  of  about  25  times.  When 
directed  to  the  moon,  it  gave  a  very  distinct 
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and  luminous  view  of  that  orb,  without  the 
least  appearance  of  a  secondary  image ;  but 
as  the  focal  distance  of  the  speculum  was 
scarcely  half  the  length  I  had  prescribed,  I 
did  not  apply  to  it  any  high  astronomical 
powers,  as  I  find  that  these  can  only  be  ap- 
plied with  effect,  in  this  construction,  to  a 
speculum  of  a  considerable  focal  length.  Hap- 
pening to  have  at  hand  a  convex  lens  ten  feet 
focal  length  and  four  inches  in  diameter,  the 
one  side  of  which  had  been  ground  to  a  cer- 
tain degree  of  concavity,  I  caused  the  convex 
side  to  be  foliated,  which  produced  a  focus  by 
reflection  at  13^  inches  distant.  To  this  mir- 
ror I  applied  terrestrial  powers  of  15  and  24 
with  considerable  distinctness.  The  power 
of  15  produced  a  very  brilliant  and  distinct 
view  of  land  objects.  Had  the  mirror  been 
at  least  three  times  the  focal  length,  it  would 
have  formed  an  excellent  telescope  with  the 
same  aperture. 


SECTION  VII. 

A  Reflecting  Telescope,  with  a  Single  Mir- 
ror and  no  Eyepiece. 

On  the  same  principle  as  that  by  which  a 
refracting  telescope  may  be  constructed  by 
means  of  a  single  lens,  as  represented  fig. 
51  (page  86,)  we  may  form  a  telescope  by 
reflection  with  a  single  mirror  and  without  an 
eyepiece.  Let  A  B,  fig.  62,  represent  a  large 
concave  speculum,  and  C  its  focus :  if  an  eye 

Fig.  72. 


be  placed  at  #,  about  eight  or  ten  inches  with- 
in the  focal  point  C,  all  the  objects  in  the 
direction  of  C,  or  behind  the  spectator,  will  be 
seen  magnified  by  reflection  on  the  face  of  the 
mirror,  and  strongly  illuminated.  The  magni- 
fying power,  in  this  case,  will  be  nearly  in  the 
proportion  of  the  focal  length  of  the  mirror  to 
the  focal  length  of  the  eye  for  near  objects.  If, 
for  example,  the  focal  distance  of  the  mirror 
be  eight  feet,  and  the  distance  from  the  eye  at 
which  we  see  near  objects  most  distinctly  be 
eight  inches,  the  magnifying  power  will  be  in 
the  ratio  of  8  to  96,  or  12  times.  I  have  a 


glass  mirror  of  this  description,  whose  focal 
length  is  four  feet  eight  inches,  and  diameter 
six  inches,  which  magnifies  distant  objects 
about  seven  times,  takes  in  a  large  field  of 
view,  and  exhibits  objects  with  great  brilliancy. 
It  presents  a  very  distinct  picture  of  the  moon, 
showing  the  different  streaks  of  light  and  shade 
upon  her  surface,  and  in  some  cases  shows 
the  larger  spots  which  traverse  the  solar  disk. 
This  mode  of  viewing  objects  is  extremely 
easy  and  pleasant,  especially  when  the  mirror 
is  of  a  large  diameter,  and  the  observer  is  at 
first  struck  and  gratified  with  the  novel  aspect 
in  which  the  objects  appear. 

Were  a  concave  mirror  of  this  description — 
whether  of  glass  or  of  speculum  metal — to  be 
formed  to  a  very  long  focus,  the  magnifying 
power  would  be  considerable.  One  of  50  feet 
focal  length,  and  of  a  corresponding  diameter, 
might  produce  a  magnifying  power,  to  certain 
eyes,  of  about  75  times ;  and,  from  the  quantity 
of  light  with  which  the  object  would  be  seen, 
its  effect  would  be  much  greater  than  the  same 
power  applied  to  a  common  telescope.  Sir 
W.  Herschel  states  that,  on  one  occasion,  by 
looking  with  his  naked  eye  on  the  speculum 
of  his  40  feet  reflector,  without  the  interposi- 
tion of  any  lens  or  mirror,  he  perceived  dis- 
tinctly one  of  the  satellites  of  Saturn,  which 
requires  the  application  of  a  considerable  power 
to  be  seen  by  an  ordinary  telescope.  Such  an 
instrument  is  one  of  the  most  simple  forms 
of  a  telescope,  and  would  exhibit  a  brilliant 
and  interesting  view  of  the  moon,  or  of  terres- 
trial objects. 

PRICES  OF  REFLECTING  TELESCOPES. 

1.  Prices  as  stated  by  Messrs.  W.  and  S. 
Jones,  Holborn,  London. 

£.       s. 

A  4  feet,  7  inch  aperture,  Gre- 
gorian reflector,  with  the  vertical 
motions  upon  a  new  invented  prin- 
ciple, as  well  as  apparatus  to  render 
the  tube  more  steady  for  observation, 
according  to  the  additional  apparatus 
of  small  speculums,  eyepieces,  micro- 
meters, &c.  .  from  £80  to  120  0 

3  feet  long,  mounted  on  a  plain 
brass  stand 23  2 

Ditto  with  rack-work  motions,  im- 
proved mountings  and  metals  .  39  18 

2  feet  long,  without  rack-work, 
and  with  4  magnifying  powers,  im- 
proved   15  15 

Ditto  improved,  with  rack-work 
motions  .  22  1 

18  inch,  on  a  plain  stand 

12  inch  ditto      ....         G     6 

2.  Prices   as   stated    by   Messrs.    Tullev, 
Islington. 
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1  foot  Gregorian  reflector,  on  pil- 
lar and  claw  stand,  metal  2$  inches 
diameter,  packed  in  a  mahogany  box 

1£  foot  ditto,  on  pillar  and  claw 
stand,  metal  3  inches  diameter, 
packed  in  a  mahogany  box 

2  feet  ditto,  metal  4  inches  diameter 
Ditto  with  rack-work  motions      . 

3  feet  ditto,  metal   5  inches  di- 
ameter, rack-work  motions 

4  feet  ditto,  metal  7  inches  diame- 
ter, on  a  tripod  stand  with  centre  of 
gravity  motion       .... 

6  feet  ditto,  metal  9  inches  di- 
ameter   

7  feet  Newtonian,  6  inches  aper- 
ture       


£. 


12  feet  ditto,  metal  12  inches  di- 
ameter ..... 


525     0 


6     6 


£. 


3.  Prices  as  stated  by  Mr.  G.  Dollond,  St. 
Paul's  Churchyard. 

H  1*        Reflecting  telescopes   14  inches 

^    long,  in  a  mahogany  box        .         .         99 
Ditto  18  inches  .         .  12  12 

Ditto  2  feet  .         .         .       18  18 

Ditto  with  4  different  powers,  and 
rack-work  stand  supporting  the  tele- 
scope in  the  centre  of  gravity          .       36  15 
Ditto  3  feet,  with  ditto        .  50     0 


25 

42     0 

105     0 


210     0        4.  Prices  of  single  speculums  and  reflecting 
telescopes,  as  made  by  Mr.  Grub,  Charlemont 
105     0    Bridge-works,  Dublin. 


NEWTONIAN    TELESCOPES. 

GREGORIAN    REFLECTORS. 

Diameter  in 
inches. 

Focal  length 
it:  feet. 

Price  of  mir- 
rors alone. 

Price  of  tele- 
•cope  com- 
plete, wnh- 
oul  stand. 

Diameter  in 
inches. 

Focal  length 
in  feel. 

Price  of  mir- 

ro:s  alone. 

Price  of  tele- 
scope  com- 
plrte,  with- 
out stand.     | 

7 
9 

3 

18 

7 
10 
IS 

15 

18 

£.    *. 

17    10 
25      0 
60      0 
120      0 
200      0 

£.    s. 

27    10 
40      0 
90      0 
170      0 
260      0 

6 
7 
9 
12 
15 
18 

3 
3 
ti 

9 
12 

£.    g. 
17     10 
25      0 
35      0 
70      0 
150      0 
240      0 

£,      8. 

25      0 
34      0 
50      0 

100      0 
2nO      0 
300      0 

OTS   THE    EYEPIECES    OF    TELESCOPES. 

Although  the  performance  of  telescopes 
chiefly  depends  on  the  goodness  of  the  object- 
glass,  or  the  object-speculum  of  the  instru- 
ment, yet  it  is  of  considerable  Importance,  in 
order  to  distinct  vision,  and  to  obtain  a  large 
and  uniformly  distinct  field  of  view,  that  the 
eyepiece  be  properly  constructed.  The  dif- 
ferent kinds  of  eyepieces  may  be  arranged  into 
two  general  divisions,  Astronomical  and  Ter- 
restrial. 

1.  Astronomical  Eyepieces.  —  The  most 
simple  astronomical  eyepiece  is  that  which 
consists  of  a  single  convex  lens ;  and  when 
the  focal  distance  of  this  lens,  and  that  of  the 
object-glass  of  the  instrument,  is  accurately 
ascertained,  the  magnifying  power  may  be 
nicely  determined  by  dividing  the  focal  length 
of  the  object-lens  by  that  of  the  eyeglass ;  but 
as  the  pencil  of  white  light  transmitted  by  the 
object-glass  will  be  divided  by  the  eyeglass 
into  its  component  colours,  the  object  will 
appear  bordered  with  coloured  fringes,  and 
the  distinctness  of  vision  consequently  injured ; 
besides,  the  spherical  aberration,  when  a  single 
lens  is  used,  is  much  greater  than  when  two 
or  more  glasses  are  employed:  hence  astro- 
nomical eyepieces  are  now  formed  by  a  com- 
bination of  at  least  two  lenses. 

The  combination  of  lenses  now  generally 
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used  for  astronomical  purposes  is  that  which 
is  usually  denominated  the  Huygenian  Eye- 
piece, having  been  first  proposed  by  the  cele- 
brated Huygens  as  a  great  improvement  on 
the  single  lens  eyepiece.  The  following  figure 
(73)  represents  a  section  of  this  eyepiece  : 

Fig.  73. 


Let  A  B  be  a  compounded  pencil  of  white 
light  proceeding  from  the  object-glass ;  B  F  a 
plano-convex  field-glass,  with  its  plane  side 
next  the  eyeglass  E.  The  red  rays  of  the 
pencil  A  B,  after  refraction,  would  cross  the 
axis  in  R,  and  the  violet  rays  in  F;  but, 
meeting  the  eyeglass  E,  the  red  rays  will  be 
refracted  to  0,  and  the  violet  nearly  in  the 
same  direction,  when  they  will  cross  each 
other  about  the  point  0  in  the  axis,  and  unite. 
The  distance  of  the  two  glasses  F  E,  to  pro- 
duce this  correction,  when  made  of  crown 
glass,  must  be  equal  to  half  the  sum  of  their 
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focal  distances  nearly :  for  example,  suppose 
the  focal  distance  of  the  largest,  or  field-lens, 
to  be  three  inches,  .and  the  focal  distance  of 
the  lens  next  the  eye  one  inch,  the  two  lenses 
should  be  placed  exactly  at  the  distance  of  two 
inches ,  the  sum  of  their  focal  length  being 
four,  the  half  of  which  is  two.  In  other 
words,  the  glass  next  the  eye  should  be  placed 
as  much  within  the  focus  of  the  field-glass  as 
is  equal  to  its  own  focal  distance.  The  focal 
length  of  a  single  lens  that  has  the  same  mag- 
nifying power  as  this  compound  eyepiece,  is 
equal  to  twice  the  product  of  the  focal  lengths 
of  the  two  lenses  divided  by  the  sum  of  the 
same  numbers;  or,  it  is  equal  to  half  the 
focal  length  of  the  field-glass.  Thus,  in  refer- 
ence to  the  preceding  example,  twice  the  pro- 
duct of  the  focal  length  of  the  two  lenses  is 
equal  to  six,  and  their  sum  is  four.  The  for- 
mer number  divided  by  the  latter  produces  a 
quotient  of  l£,  which  is  the  focal  length  of  a 
single  lens,  which  would  produce  the  same 
magnifying  power  as  the  eyepiece;  and  1^  is 
just  half  the  focal  length  of  the  field-glass. 
The  proportion  of  the  focal  lengths  of  the  two 
lenses  to  each  other,  according  to  Huygens, 
should  be  as  three  to  one ;  that  is,  if  the  field- 
glass  be  4$  inches,  the  eyeglass  should  be  l£, 
and  this  is  the  proportion  most  generally 
ail  opted ;  but  some  opticians  have  recom- 
mended that  the  proportion  should  be  as  three 
to  two.  Boscovich  recommended  two  similar 
k-nses ;  and  in  this  case  the  distance  between 
them  was  equal  to  half  the  sum  of  their  focal 
distances,  as  in  the  Huygenian  eyepiece. 

The  image  is  formed  at  I M,  at  the  focal 
distance  of  the  lens  next  the  eye,  and  at  the 
same  distance  from  the  field-glass.  When  dis- 
tinct vision  is  the  principal  object  of  an  achro- 
matic telescope,  the  two  lenses  are  usually  both 
plano-convex,  and  fixed  with  their  curved  faces 
towards  the  object-glass,  as  in  the  figure. 
Sometimes,  however,  they  consist  of  what  is 
called  crossed  lenses,  that  is,  lenses  ground  on 
one  side  to  a  short  focus,  and  on  the  other  side 
to  a  pretty  long  focus,  the  sides  with  the  deep- 
est curves  being  turned  towards  the  object- 
glass.  A  diaphragm,  or  aperture  of  a  proper 
diameter,  is  placed  at  the  focus  of  the  eye-lens 
where  the  image  formed  by  the  object-glass 
falls,  for  the  purpose  of  cutting  off  the  extreme 
rays  of  the  field-lens,  and  rendering  every  part 
of  the  field  of  view  equally  distinct.  This  is 
likewise  the  form  of  the  eyepiece  generally 
applied  to  Gregorian  reflectors.  In  short,  when 
accurately  constructed,  it  is  applicable  to  tele- 
scopes of  every  description.  This  eyepiece, 
having  the  image  viewed  by  the  eye  behind 
the  inner  lens,  is  generally  called  the  negative 
eyepiece,  and  is  that  which  the  optical  instru- 
ment makers  usually  supply,  of  three  or  four 
different  sizes,  for  so  many  magnifying  powers, 


to  be  applied  to  different  celestial  objects,  ac- 
cording to  their  nature,  or  the  state  of  the  atmo- 
sphere in  which  they  are  used. 

Ramsden's  Eyepiece. — There  is  another 
modification  of  lenses,  known  by  the  name  of 
the  Positive,  or  Ramsden's  Eyepiece,  which 
is  much  used  in  transit  instruments,  and  tele- 
scopes which  are  furnished  with  micrometers, 
and  which  affords  equally  good  vision  as  the 
other  eyepiece.  In  this  construction  the  lenses 
are  plano-convex,  and  nearly  of  the  same  focus, 
but  are  placed  at  a  distance  from  each  other 
less  than  the  focal  distance  of  the  glass  next 
the  eye,  so  that  the  image  of  the  object  viewed 
is  beyond  both  the  lenses  when  measuring 
from  the  eye.  The  flat  faces  of  the  two  lenses 
are  turned  into  contrary  directions  in  this  eye- 
piece, one  facing  the  object-glass,  and  the 
other  the  eye  of  the  observer;  and  as  the 
image  formed  at  the  focus  of  the  object-glass 
lies  parallel  to  the  flat  face  of  the  contiguous 
lens,  every  part  of  the  field  of  view  is  distinct 
at  the  same  adjustment,  or,  as  opticians  say, 
there  is  a  flat  field,  which,  without  a  dia- 
phragm, prevents  distortion  of  the  object.  Thi» 
eyepiece  is  represented  in  fig.  74,  where  A  B 

Fig.  74. 


and  C  D  are  two  plano-convex  lenses,  with 
their  convex  sides  inward.  They  have  nearly 
the  some  focal  length,  and  are  placed  at  a  dis- 
tance from  each  other  equal  to  about  two-thirds 
of  the  focal  length  of  either.  The  focal  length 
to  an  equivalent  single  lens  is  equal  to  three- 
fourths  the  focal  length  of  either  lens,  sup- 
posing them  to  have  equal  focal  distances. 
This  eyepiece  is  generally  applied  when  wires 
of  spider's  lines  are  used  in  the  common  focus, 
as  the  piece  containing  the  lenses  can  be  taken 
out  without  disturbing  the  lines,  and  is  ad- 
justable for  distinct  vision ;  and  whatever  may 
be  the  measure  of  any  object  given  by  the 
wire  micrometer  at  the  solar  focus,  it  is  not 
altered  by  a  change  of  the  magnifying  power 
when  a  second  eyepiece  of  this  construction  is 
substituted. 

Aberration  of1  Lenses. — In  connexion  with 
the  above  descriptions,  the  following  state- 
ments respecting  the  spherical  aberration  of 
lenses  may  not  be  inappropriate.  Mr.  John 
Dollond,  in  a  letter  to  Mr.  Short,  remarks,  that 
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"the  aberration  in  a  single  lens  is  as  the  cube 
of  the  refracted  angle  ;  but  if  the  refraction  be 
caused  by  two  lenses,  the  sum  of  the  cubes  of 
each  half  will  be  a  quarter  of  the  refracted 
angle,  twice  the  cube  of  one  being  a  quarter 
of  the  cube  of  two.  So  three  times  the  cube 
of  one  is  only  one-ninth  of  the  cube  of  three, ' 
&c.  Hence  the  indistinctness  of  the  borders 
of  the  field  of  view  of  a  telescope  is  diminish- 
ed by  increasing  the  number  of  lenses  in  an 
eyepiece.  Sir  J.  Herschel  has  shown  that  if 
two  plano-convex  lenses  are  put  together  as 
in  fig.  75,  the  aberration  will  be  only  0.2481, 
or  one-fourth  of  that  of  a  single  lens  in  its 
best  form.  The  focal  length  of  the  first  of 
these  lenses  must  be  to  that  of  the  second  as 
\  to  $.  If  their  focal  lengths  are  equal,  the 
aberration  will  be  0.603,  or  nearly  one-half. 
The  spherical  aberration,  however,  may  be 
entirely  destroyed  by  combining  a  meniscus 
and  double  convex  lens,  as  shown  in  fig.  76, 


Fig.  75. 


Fig.  76. 


the  convex  sides  being  turned  to  the  eye  when 
they  are  used  as  lenses,  and  to  parallel  rays 
when  they  are  used  as  burning  glasses.  Sir 
J.  Herschel  has  computed  the  following  cur- 
vatures for  such  lenses  : 

Focal  length  of  the  convex  lens  .  -f  10.000 

Radius  of  its  first  surface     .   '  .  -f  5.833 

Radius  of  its  second  surface  .  — 35.000 

Focal  length  of  the  meniscus  .  +17.829 

Radius  of  its  first  surface      .  .  -f  3.688 

Radius  of  its  second  surface  .  -f-  6.294 

Focal  length  of  the  compound  lens  -j-  6.407 

On  the  general  principles  above  stated,  a 
good  astronomical  eyepiece  may  be  easily  con- 
structed with  two  proper  lenses,  either  accord- 
ing to  the  plan  of  Huygens  or  that  of  Rams- 
den  :  and,  from  what  has  been  now  stated,  it 
is  demonstrably  certain  that,  in  all  cases  where 
two  glasses  are  properly  combined,  such  an 
eyepiece  is  superior  to  a  single  lens  both  in 
point  of  distinctness  and  of  the  enlargement  of 
the  field  of  view.  I  lately  fitted  up  an  eye- 
piece, on  Ramsden's  principle,  with  two  lenses, 
each  about  three  inches  focal  length,  and  l^ths 
of  an  inch  in  diameter,  placed  at  half  an  inch 
distant,  with  their  convex  surface  facing  each 
other,  as  in  fig.  74,  which  forms  an  excellent 
eyepiece  for  an  achromatic  telescope  six  feet 
eight  inches  focal  distance  and  four  inches 
aperture,  particularly  for  viewing  clusters  of 
•tars,  the  Milky  Way,  and  the  large  nebulse. 
(840) 


The  field  of  view  is  large,  the  magnifying 
power  is  only  between  50  and  60  times,  and 
the  quantity  of  light  being  so  great,  every  celes- 
tial object  appears  with  great  brilliancy,  and 
it  is,  in  general,  much  more  preferable,  when 
applied  to  the  stars,  than  any  of  the  higher 
powers.  When  applied  to  Prsesepe  in  Can- 
cer, it  exhibits  that  group  at  one  view,  as  con- 
sisting of  nearly  100  stars,  which  exhibit  a 
beautiful  and  most  striking  appearance. 

It  may  appear  a  curious  circumstance  that 
any  eyepiece  which  is  good  with  a  short  tele- 
scope is  also  good  with  a  long  one,  but  that 
the  reverse  is  not  true ;  for  it  is  found  to  be 
more  difficult  to  make  a  good  eyepiece  for  a 
short  than  for  a  long  focal  distance  of  the 
object-glass. 

Celestial  eyepieces  are  sometimes  con- 
structed so  as  to  produce  variable  powers. 
This  is  effected  by  giving  a  motion  to  the 
lens  next  the  eye,  so  as  to  remove  it  nearer 
to  or  further  from  the  field-lens;  for  at  every 
different  distance  at  which  it  is  placed  from 
the  other  lens,  the  magnifying  power  will 
either  be  increased  or  diminished.  The 
greatest  power  is  when  the  two  lenses  are 
nearly  in  contact,  and  the  power  diminishes 
in  proportion  to  the  distance  at  which  the 
glass  next  the  eye  is  removed  from  the  other. 
The  scale  of  distance,  however,  between  the 
two  lenses  cannot  be  greater  than  the  focal 
distance  of  the  field,  or  inner  glass ;  for  if  it 
were,  the  lenses  would  no  longer  form  an 
eyepiece,  but  would  be  changed  into  an  in- 
verting opera-glass.  For  effecting  the  pur- 
pose now  stated,  the  eyeglass  is  fixed  in  a 
tube,  which  slides  upon  an  interior  tube,  on 
which  is  marked  a  scale  of  distances  corre- 
sponding to  certain  magnifying  powers ;  and 
in  this  way  an  eyepiece  may  be  made  to 
magnify  about  double  the  number  of  times 
when  the  lenses  are  in  one  position  than 
when  they  are  in  another;  as,  for  example, 
all  the  powers  from  36  to  72  times  may  be 
thus  applied,  merely  by  regulating  the  dis- 
tance between  the  two  lenses.  When  the 
glasses  are  varied  in  this  manner,  the  eye- 
piece becomes  sometimes  a  positive  eyepiece, 
like  Rarnsden's,  and  sometimes  a  negative 
one,  like  that  of  Huygens. 

Diagonal  Eyepieces. — The  eyepieces  to 
which  we  have  now  adverted,  when  adapted 
to  refracting  telescopes,  both  reverse  and  in- 
vert the  object,  and  therefore  are  not  calcu- 
lated for  showing  terrestrial  objects  in  their 
natural  position ;  but  as  the  heavenly  bodies 
are  of  a  spherical  form,  this  circumstance  de- 
tracts nothing  from  their  utility.  When  the 
celestial  object,  however,  is  at  a  high  altitude, 
the  observer  is  obliged  to  place  his  head  in  a 
very  inconvenient  position,  and  to  direct  his 
eye  nearly  upward ;  in  which  position  he  can- 


ON  THE  EYEPIECES  OF  TELESCOPES. 


123 


not  remain  long  at  ease,  or  observe  with  a 
steady  eye.  To  remedy  this  inconvenience, 
the  diagonal  eyepiece  has  been  inverted, 
which  admits  of  the  eye  being  applied  at  the 
side,  or  at  the  upper  part  of  the  eyepiece,  in- 
stead of  the  end ;  and  when  such  an  eyepiece 
is  used,  it  is  of  no  importance  in  what  direc- 
tion the  telescope  is  elevated,  as  the  observer 
can  then  either  sit  or  stand  erect,  and  look 
down  upon  the  object  with  the  utmost  ease. 
This  object  is  effected  by  placing  a  flat  piece 
of  polished  speculum-metal  at  an  angle  of  45 
degrees  in  respect  to  the  two  lenses  of  the 
eyepiece,  which  alters  the  direction  of  the 
converging  rays,  and  forms  an  image  which 
becomes  erect  with  respect  to  altitude,  but  is 
reversed  with  respect  to  azimuth ;  that  is,  in 
other  words,  when  we  look  down  upon  the 
objects  in  the  field  of  view,  they  appear  erect; 
but  that  part  of  an  object  which  is  in  reality 
on  our  right  hand,  appears  on  our  left ;  and 
if  it  be  in  motion,  its  apparent  is  opposite  to 
its  real  motion ;  if  it  be  moving  towards  the 
west,  it  will  seem  to  move  towards  the  east. 

There  are  three  situations  in  which  the 
diagonal  reflector  in  this  eyepeice  may  be 
placed.  It  may  be  placed  either,  1,  before 
the  eyepiece,  or,  2,  behind  it,  or,  3,  between 
the  two  lenses  of  which  the  eyepiece  consists. 
The  most  common  position  of  the  reflector  is 
between  the  lenses,;  and  this  may  be  done  both 
in  the  negative  and  the  positive  eyepieces;  but 
as  the  distance  between  the  two  lenses  is 
necessarily  considerable  to  make  room  for  the 
diagonal  position  of  the  reflector,  the  magnify- 
ing power  cannot  be  great;  otherwise  a  dia- 
gonal eyepiece  of  this  construction  remains 
always  in  adjustment,  and  is  useful  in  all 
cases  where  a  high  power  is  not  required. 
The  preceding  is  a  description  and  represen- 
tation of  a  diagonal  eyepiece  of  this  kind  in 
my  possession. 


Fig.  77 


In  fig.  77, 
A  B  represents 
the  plano-con- 
vex lens  next  the 
object,  which  is 
about  2  inches 
in  focal  length, 
and f of an  inch 
in  diameter;  C 
D,  a  plain  me- 
tallic speculum 
of  an  oval  form, 
well  polished,  and  placed  at  half  a  right  angle 
to  the  axis  of  the  tube ;  and  E  F  another 
plano-convex  lens,  about  1^  inch  focal  dis- 
tance. The  centre  of  the  speculum  is  about 
l£th  of  an  inch  from  the  lens  A  B,  and  about 
half  or  one-third  of  an  inch  from  E  F;  so  that 
this  eyepiece  is  a  positive  one,  on  the  principle 
proposed  by  Ramsden.  The  rays  proceeding 
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from  the  lens  A  B,  and  falling  upon  the  specu- 
lum, are  reflected  in  a  perpendicular  direction 
to  the  lens  E  F,  where  they  enter  the  eye  at 
G,  which  looks  down  upon  the  object  through 
the  side  of  the  tube.  The  real  size  of  this 
eyepiece  is  much  about  the  same  as  that  re- 
presented in  the  figure.  When  applied  to  an 
achromatic  telescope  of  44£  inches  focal  dis- 
tance, it  produces  a  magnifying  power  of  36 
times,  and  exhibits  a  very  beautiful  view  of 
the  whole  of  the  full  moon.  It  likewise  pre- 
sents a  very  pleasing  prospect  of  terrestrial 
objects,  which  appear  as  if  situated  imme- 
diately below  us. 

Another  plan  of  the  diagonal  eyepiece  is 
represented  in  fig.  78,  where  the  speculum 
P,.     7fl  is  fixed  within 

rig*  '  the  sliding  tube 

which  receives 
the  eyepiece, 
or  immediately 
below  it.  The 
part  of  the 
tube  A  B  slides 
into  the  tube 
of  the  tele- 
scope, C  D  is 
the  speculum 
placed  at  half 
a  right  angle 
to  the  axis  of  the  tube,  and  E  F  the  tube  con- 
taining the  lenses,  which  stands  at  right  angles 
to  the  position  of  the  telescope,  and  slides  into 
an  exterior  tube,  and  the  eye  is  applied  at  G. 
This  construction  of  the  diagonal  eyepiece 
may  be  used  with  any  eyepiece  whatever, 
whether  the  Huygenian  or  that  of  Ramsden. 
It  will  admit  of  any  magnifying  power,  and 
if  several  different  eyepieces  be  fitted  to  the 
sliding  tube,  they  may  be  changed  at  pleasure. 
This  form  of  the  diagonal  eyepiece  I  therefore 
consider  as  the  best  and  the  most  convenient 
construction,  although  it  is  not  commonly 
adopted  by  opticians. 

When  any  of  these  eyepieces  are  applied 
to  a  telescope,  with  the  lens  E  on  the  upper 
part  of  it,  we  look  down  upon  the  object,  if  it 
be  a  terrestrial  one,  as  if  it  were  under  our 
feet.  If  we  turn  the  eyepiece  round  in  its 
socket  a  quarter  of  a  circle  towards  the  left, 
an  object  directly  before  us  in  the  south  will 
appear  as  if  it  were  in  the  west,  and  turned 
upside  down.  If,  from  this  position,  it  is 
turned  round  a  semicircle  towards  the  right, 
and  the  eye  applied,  the  same  object  will 
appear  as  if  it  were  situated  in  the  east,  and 
inverted ;  and  if  it  be  turned  round  another 
quadrant,  till  it  be  directly  opposite  to  its  first 
position,  and  the  eye  applied  from  below,  the 
object  or  landscape  will  appear  as  if  suspended 
in  the  atmosphere  above  us.  This  eyepiece, 
therefore,  is  capable  of  exhibiting  objects  in  a 
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great  variety  of  aspects,  and  the  use  of  it  is 
both  pleasant  and  easy  for  the  observer.  But 
there  is  a  considerable  loss  of  light,  occa- 
sioned by, the  reflection  from  the  speculum, 
which  is  sensibly  felt  when  very  high  powers 
are  applied  ;  and  therefore,  when  very  small 
stars  are  to  be  observed,  such  as  some  of  those 
connected  with  double  or  triple  stars,  the  ob- 
server should  not  study  his  own  ease  so  much 
as  the  quantity  of  light  he  can  retain  with  a 
high  power,  which  object  is  best  attained  with 
an  ordinary  eyepiece  and  a  telescope  of  large 
aperture. 

We  have  said  that  a  diagonal  eyepiece  may 
be  constructed  with  a  reflector  before  the 
eyepiece.  In  this  case,  the  speculum  is  some- 
times made  to  slide  before  the  eye  at  the 
requisite  angle  of  reclination,  in  which  appli- 
cation each  eyepiece  must  necessarily  have  a 
groove  to  receive  it,  and  the  eye  must  be 
applied  without  a  hole  to  direct  it,  but  it  may 
be  put  on  and  taken  off  without  disturbing 
the  adjustment  for  distinct  vision,  and  is  very 
simple  in  its  application.  But,  on  the  whole, 
the  form  represented  in  fig.  78  is  the  most 
convenient,  and  should  generally  be  preferred, 
as  any  common  astronomical  eyepiece  can  be 
applied  to  it.  I  have  used  a  diagonal  eyepiece 
of  this  kind  with  good  effect  when  a  power  of 
180  has  been  applied  to  the  sun  and  other 
celestial  objects.  • 

Instead  of  a  metallic  speculum,  a  rect- 
angular prism  of  glass,  is  sometimes  sub- 
stituted ;  for  the  rays  of  light  are  then  bent 
by  reflection  from  the  second  polished  surface, 
which  ought  to  be  dry,  and  undergo  two  re- 
fractions, which  achromatize  them ;  and  the 
same  effect  is  thus  produced  as  by  polished 
metal.  Ramsden  sometimes  gave  one  of  the 
polished  faces  of  a  right-angled  prism  a  curve, 
which  prism  served  instead  of  a  lens  in  an 
eyepiece,  and  also  performed  the  office  of  a 
reflector.  A  semi-globe,  or  what  has  been 
called  a  bull's  eye,  has  also  been  used  as  a 
diagonal  eyepiece,  and  when  the  curve  is  well 
formed,  and  the  glass  good,  it  is  achromatic, 
and  is  said  to  perform  pretty  well,  but  it  is 
not  superior  to  the  forms  already  described. 


SECTIOX  II. 
Terrestrial  Eyepieces. 

When  describing  the  common  refracting 
telescope  (p.  84,)  I  have  noticed  that  three 
eyeglasses,  placed  at  double  their  focal  dis- 
tances from  each  other,  formerly  constituted 
the  terrestrial  eyepiece,  as  represented  in  fig. 
47.  But  this  construction,  especially  for 
achromatic  instruments,  has  now  become  ob- 
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solete,  and  is  never  used  except  in  small 
pocket  spyglasses  formed  with  a  single  ob- 
ject-lens. In  its  place  a  four  glassed  eye- 
piece has  been  substituted,  which  is  now  uni- 
versally used  in  all  good  telescopes,  and  which, 
besides  improving  the  vision  and  producing 
an  erect  position  of  the  images  of  objects, 
presents  a  considerably  larger  field  of  view. 
During  the  progressive  stages  of  improvement 
made  in  the  construction  of  erect  eyepieces 
by  Dollond  and  Ramsden,  three,  four,  and 
five  lenses  were  successively  introduced ;  and 
hence,  in  some  of  the  old  telescopes  con- 
structed by  these  artists,  we  frequently  find 
five  lenses  of  different  descriptions  composing 
the  eyepiece.  But  four  lenses,  arranged  in 
the  manner  I  am  now  about  to  describe,  have 
ultimately  obtained  the  preference.  In  a  tele- 
scope having  a  celestial  eyepiece  of  the  Huy- 
genian  form,  the  image  that  is  formed  in  the 
focus  of  the  object-glass  is  that  which  is  seen 
magnified,  and  in  an  inverted  position;  but 
when  a  four  glassed  eyepiece  is  used,  which 
produces  an  erect  view  of  the  object,  the  image 
is  repeated,  and  the  second  image,  which  is 
formed  by  the  inner  pair  of  lenses,  A  B,  on 
an  enlarged  scale,  is  that  which  the  pair  of 
lenses,  C  D,  at  the  eye  end  render  visible  on 
a  scale  still  more  enlarged.  The  modern 
terrestrial  eyepiece,  represented  in  fig.  79,  is, 

Fig  79. ' 


in  fact,  nothing  else  than  a  compound  micro- 
scope, consisting  of  an  object-lens,  an  ampli- 
fying-lens,  and  an  eyepiece  composed  of  a 
pair  of  lenses  on  the  principle  of  the  Huy- 
genian  eyepiece.  Its  properties  will  be  best 
understood  by  considering  the  first  image  of 
an  object,  which  is  formed  in  the  focus  of  the 
object-glass,  as  a  small  luminous  object  to  be 
rendered  visible,  in  a  magnified  state,  by  a 
compound  microscope.  The  object  to  be  mag- 
nified may  be  considered  as  placed  near  the 
point  A,  and  the  magnified  image  at  i,  which 
is  viewed  by  the  lens  D.  Hence,  if  we  look 
through  such  an  eyepiece  at  a  small  object 
placed  very  near  the  lens  A,  we  shall  find 
that  it  acts  as  a  compound  microscope  of  a 
moderate  magnifying  power,  increasing,  in 
some  cases,  the  diameter  of  the  object  about 
10  times,  and  100  times  in  surface. 

In  order  to  distinguish  the  different  lenses 
in  this  eyepiece,  we  may  call  the  lens  A, 
which  is  next  to  the  first  image,  the  object- 
lens,-  the  next  to  it,  B,  the  the  amplify  ing- 
lens  ;  the  third,  or  C,  the  fidd-kns  ,•  and  the 
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one  next  the  eye,  D,  the  eye-lens.  The  first 
image,  formed  a  little  before  A,  may  be  de- 
nominated the  radiant,  or  the  object  from 
which  the  rays  proceed.  Now  it  is  well 
known  as  a  principle  in  optics,  that  if  the  ra- 
diant be  brought  nearer  to  the  lens  than  its 
principal  focus,  the  emerging  rays  will  di- 
verge, and,  on  the  contrary,  if  the  radiant  be 
put  further  from  the  lens  than  its  principal 
focal  distance,  the  emerging  rays  will  converge 
to  a  point  at  a  distance  beyond  the  lens, 
which  will  depend  on  the  distance  of  the  ra- 
diant from  the  face  of  the  lens.  In  this  place 
an  image  of  the  radiant  will  be  formed  by  the 
concurrence  of  the  converging  rays,  but  in  a 
contrary  position  ;  and  the  length  of  the  image 
will  exceed  the  length  of  the  radiant  in  the 
same  proportion,  as  the  distance  of  the  image 
from  the  radiant  exceeds  that  of  the  radiant 
from  the  lens.  This  secondary  image  of  the 
radiant  at  i,  is  not  well  defined  when  only 
one  lens,  as  A,  is  used,  owing  to  the  great 
spherical  aberrations,  and  therefore  the  ampli- 
fying lens  is  placed  at  the  distance  of  the 
shorter  conjugate  focus,  with  an  intervening 
diaphragm  of  a  small  diameter  at  the  place  of 
the  principal  focus  ;  the  uses  of  which  lens 
and  diaphragm  are,  first,  to  cut  off  the  coloured 
rays  that  are  occasioned  by  the  dispersive 
property  of  the  object-lens,  and,  secondly,  to 
bring  the  rays  to  a  shorter  conjugate  focus  for 
the  place  of  the  image  than  would  have  taken 
place  with  a  single  lens  having  only  one  re- 
fraction. As  the  secondary  image  is  in  this 
way  much  better  defined  and  free  from  colora- 
tion, the  addition  of  this  second  lens  is  a  great 
improvement  to  vision  For  this  reason,  I 
am  clearly  of  opinion  that  the  object-glass  of 
'  a  compound  microscope,  instead  of  consisting 
of  a  small  single  lens,  should  be  formed  of 
two  lenses  on  the  principle  now  stated,  which 
would  unquestionably  add  to  the  distinctness 
of  vision. 

With  respect  to  the  proportions  of  the 
focal  lengths  of  the  lenses  in  this  four  glass 
eyepiece,  Mr.  Coddington  states,  that  if  the 
focal  lengths,  reckoning  from  A  to  D,  fig.  79, 
be  as  the  numbers  3,  4,  4,  and  3,  and  the 
distances  between  them  on  the  same  scale,  4, 
6,  and  5,  2,  the  radii,  reckoning  from  the 
outer  surface  of  A,  should  be  thus  : 

.  C  First  surface     27  ) 

A  \  Second  surface    1  J  nearly  plano-convex. 
D  C  First  surface       9 
B  \  Second  surface  4 
~  C  First  surface       1  )         .      , 
C  I  Second  surface  21  \  near^  P^o-convex. 
~  C  First  surface       1  )  ,     ,  , 
D  I  Second  surface  24  J  double  convex' 

Sir  D.  Brewster  states  that  a  good  achro- 
matic eyepiece  may  be  made  of  four  lenses,  if 
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their  focal  lengths,  reckoning  from  that  next 
the  object,  be  as  the  numbers  14,  21,  27,  32; 
their  distances,  23,  44,  40 ;  their  apertures, 
5.6,  3.4,  2.6;  and  the  aperture  of  the  dia- 
phragm placed  in  the  interior  focus  of  the  fourth 
eyeglass,  7.  Another  proportion  may  be 
stated  :  Suppose  the  lens  next  the  object,  A, 
to  be  Ijths  of  an  inch  focal  length,  then  B 
may  be  2^  inches;  C,  2  inches;  and  D,  l£; 
and  their  distances,  A  B,  2£ ;  B  C,  3| ths ; 
and  C  D,  2§ths.  In  one  of  Ramsden's  small 
telescopes,  whose  object-glass  was  8^  inches 
in  focal  length,  and  its  magnifying  power 
15.4,  the  focal  lengths  of  the  eyeglasses  were, 
A,  0.775  of  an  inch ;  B,  1.025 ;  C,  1.01 ;  D, 
0.79;  the  distances,  A  B,  1.18;  B  C,  1.83; 
and  C  D,  1.105.  In  the  excellent  achromatic 
telescope  of  Dollond's  construction  which  be- 
longed to  the  Due  de  Chaulnes,  the  focal 
lengths  of  the  eyeglasses,  beginning  with  that 
next  the  object,  were  14£  lines,  19,  22|,  14; 
their  distances,  22.48  lines,  46.17,  21.45; 
and  their  thickness  at  the  centre,  1.23  lines, 
1.25,  1.47.  The  fourth  lens  was  plano-con- 
vex, with  the  plane  side  to  the  eye,  and  the 
rest  were  double  convex  lenses.  This  tele- 
scope was  in  focal  length  three  feet  five  and  a 
half  inches. 

The  magnifying  power  of  this  eyepiece,  as 
usually  made,  differs  only  in  a  small  degree 
from  what  would  be  produced  by  using  the 
first  or  the  fourth  glass  alone,  in  which  case 
the  magnifying  power  would  be  somewhat 
greater,  but  the  vision  less  distinct ;  and  were 
the  lens  next  the  eye  used  alone  without  the 
field-glass,  the  field  of  view  would  be  much 
contracted.  Stops  should  be  placed  between  the 
lenses  A  and  B,  near  to  B,  and  a  larger  one  be- 
tween C  and  D,  to  prevent  any  false  light  from 
passing  through  the  lenses  to  the  eye.  The 
more  stops  that  are  introduced  into  a  tele- 
scope— which  should  all  be  blackened — pro- 
vided they  do  not  hinder  the  pencils  of  light 
proceeding  from  the  object,  the  better  will  the 
instrument  perform. 

For  the  information  of  amateur  constructors 
of  telescopes,  I  shall  here  state  the  dimensions 
of  two  or  three  four  glassed  eyepieces  in  my 
possession,  which  perform  with  great  distinct- 
ness, and  present  a  pretty  large  field  of  view. 
In  one  of  these,  adapted  to  a  44£  inch  achro- 
matic, the  lens,  A,  next  the  object,  is  l^ths 
of  an  inch  focal  length  and  about  one  inch 
in  diameter,  with  the  plane  side  next  the  ob- 
ject. The  focal  length  of  the  lens  B,  2T>ffth 
inches,  diameter  T7ffths  of  an  inch,  with  ita 
plane  side  next  A ;  distance  of  these  lenses 
from  each  other,  2T4ffth  inches;  distance  of 
the  field-lens  C  from  the  lens  B,  5£  inches. 
The  small  hole  or  diaphragm  between  A  and 
B  is  at  the  focus  of  A,  and  is  about  one-sixth 
of  an  inch  in  diameter,  and  about  three-eighths 
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of  an  inch  from  the  lens  B.  The  field-lens 
C  is  two  inches  focal  length,  and  l£th  of  an 
inch  in  diameter,  with  its  plane  side  next  the 
eye.  The  lens  next  the  eye,  D,  is  one  inch 
focal  distance,  half  an  inch  in  diameter,  and 
is  distant  from  the  field-glass  l|thsof  an  inch, 
with  its  plane  side  next  the  eye.  The  mag- 
nifying power  of  this  eyepiece  is  equivalent 
to  that  of  a  single  lens  whose  focal  length  is 
half  an  inch,  and  with  the  44^  inch  object- 
glass  produces  a  power  of  about  90  times. 
The  lens  next  the  eye  can  be  changed  for 
another  of  If  ths  of  an  inch  focal  length,  which 
produces  a  power  of  65,  and  the  two  glasses 
C  D  can  be  changed  for  another  set  of  a 
longer  focal  distance,  which  produces  a  power 
of  45  times.  The  whole  length  of  this  eye- 
piece is  11^  inches. 

In  another  eyepiece,  adapted  to  a  pocket 
achromatic,  whose  object-glass  is  nine  inches 
focal  length,  the  lens  A  is  one  inch  focal 
length  and  half  an  inch  in  diameter ;  the  lens 

B,  l^th  of  an  inch,  and  half  an  inch  in  di- 
ameter; their  distance,  l£  inches;  the  lens 

C,  ly^th  of  an  inch  focal  length  and  five- 
eighths  of  an  inch  in  diameter ;  the  eyelens 

D,  five-eighths  of  an  inch  focal  length  and 
three-eighths  of  an  inch  in  diameter  ;  distance 
between  C  and  Z>,  Igth  of  an  inch ;  the  dis- 
tance between  B  and  C,  l|ths  of  an  inch. 
The  whole  length   of  this   eyepiece   is   4£ 
inches,  and  its  power  is  nearly  equal  to  that 
of  a  single  lens  of  half  or  T6(jths  of  an  inch 
focal   length,  the  magnifying  power  of  the 
telescope   being   about    16    times.     Another 
eyepiece  of  much  larger  dimensions  has  the 
lens  A  of  2^   inches  focal  length  and  three- 
fourths  of  an  inch  in  diameter ;  the  lens  B, 
2£th  inches  focus  and  five-eighths  of  an  inch 
in  diameter,  and  their  distance  2£th  inches ; 
the  lens  C,  2f  th  inches  focus  and  l£th  of  an 
inch  in  diameter:  the  lens  Z),  l|ths  of  an 
inch  focus  and  three-fourths  of  an  inch  in 
diameter ;    distance   from   each   other,   2|th 
inches.     The  distance  between  the  lenses  B 
and  C  is  four  inches.   The  magnifying  power 
is  equal  to  that  of  a  single  lens  l£th  of  an 
inch  focal   distance.     When   applied  to  an 
achromatic  object-glass  six  feet  seven  inches 
focal  length,  it  produces  a  power  of  about  70 
times       This  eyepiece  has  a  movable  tube 
nine  inches  in  length,  in  which  the  two  lenses 
next  the  eye  are  contained,  by  pulling  out 
which,  and  consequently  increasing  the  dis- 
tance between  the  lenses  B  and  C,  the  mag- 
nifying power  may  be  increased  to  100,  120, 
or  140,  according  to  the  distance  to  which 
this  movable  tube  is  drawn  out.     It  has  also 
a  second  and  third  set  of  lenses,  correspond- 
ing to  C  and  D,  of  a  shorter  focal  distance, 
which  produce  higher  magnifying  powers  on 
»  principle  to  be  afterwards  explained. 
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Description  of  an  Eyepiece,  4-c.,  of  an  ola 
Dutch  Achromatic  Telescope. 

About  twenty  or  thirty  years  ago,  I  pur- 
chased, in  an  optician's  shop  in  Edinburgh,  a 
small  achromatic  telescope,  made  in  Amster- 
dam, which  was  supposed  by  the  optician  to 
have  been  constructed  prior  to  the  invention 
of  achromatic  telescopes  by  Mr.  Dollond.  It 
is  mounted  wholly  of  brass,  and  in  all  its  parts 
is  a  piece  of  beautiful  and  exquisite  workman- 
ship, and  the  utmost  care  seems  to  have  been 
taken  to  have  all  the  glasses  and  diaphragms 
accurately  adjusted.  The  object-glass  is  a 
double  achromatic,  6^  inches  focal  distance 
and  one  inch  in  diameter,  but  the  clear  aper- 
ture is  only  seven-eighths  of  an  inch  in  di- 
ameter. It  is  perfectly  achromatic,  and  would 
bear  a  power  of  50  times  if  it  had  a  sufficient 
quantity  of  light.  The  following  inscription 
is  engraved  on  the  tube  adjacent  to  the  ob- 
ject-glass :  "  Jan  van  Deyl  en  Zoon,  Invenit 
et  Fecit,  Amsterdam,  Ao.  1769."  Although 
Dollond  exhibited  the  principle  of  an  achro- 
matic eight  or  ten  years  before  the  date  here 
specified,  yet  it  is  not  improbable  that  the 
artist  whose  name  is  here  stated  may  not 
have  heard  of  Dollond's  invention,  and  that 
he  was  really,  as  he  assumes,  one  of  the  in- 
ventors of  the  achromatic  telescope  ;  for  the 
invention  of  this  telescope  by  Dollond  was 
not  very  generally  known,  except  among  phi- 
losophers and  the  London  opticians,  till  a 
number  of  years  after  the  date  above  stated. 
Euler,  in  his  "  Letters  to  a  German  Princess," 
in  which  telescopes  are  particularly  described, 
makes  no  mention  of,  nor  the  least  allusion 
to,  the  invention  of  Dollond,  though  this  was 
a  subject  which  particularly  engaged  his  at- 
tention. Now  these  letters  were  written  in 
1762,  but  were  not  published  till  1770.  When 
alluding  to  the  defects  in  telescopes  arising 
from  the  different  refrangibility  of  the  rays  of 
light,  in  Letter  43,  and  that  they  might  pos- 
sibly be  rectified  by  means  of  different  trans- 
parent substances,  he  says,  "  But  neither 
theory  nor  practice  have  hitherto  been  carried 
to  the  degree  of  perfection  necessary  to  the 
execution  of  a  structure  which  should  remedy 
these  defects."  Mr.  B.  Martin,  in  his  "  Gen- 
tleman and  Lady's  Philosophy,"  published  in 
1781,  alludes  to  the  achromatic  telescope,  but 
speaks  of  it  as  if  it  were  but  very  little,  if  at 
all,  superior  to  the  common  refracting  tele- 
scope :  and  therefore  I  think  it  highly  proba- 
ble that  Jan  van  Deyl  was  really  an  inventor 
of  an  achromatic  telescope  before  he  had  any 
notice  of  what  Dollond  and  others  had  done 
in  this  way  some  short  time  before. 

But  my  principal  object  in  adverting  to  this 
telescope  is  to  describe  the  structure  of  the 
eyepiece,  which  is  a  very  fine  one,  and  which 
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ia  somewhat  different  from  the  achromatic 
eyepiece  above  described.  It  consists  of  four 
glasses,  two  combined  next  the  eye,  and  two 
next  the  object.  Each  of  these  combinations 
forms  an  astronomical  eyepiece  nearly  similar 
to  the  Huygenian.  The  lens  A,  next  the 
object,  fig.  80,  is  five-eighths  of  an  inch  focal 

Fig.  80. 


distance,  and  T4tlths  of  an  inch  in  diameter ;  the 
lens  J3,  three-eighths  of  an  inch  focus,  and 
one-fifth  of  an  inch  in  diameter,  and  the  dis- 
tance between  them  somewhat  less  than  five- 
eighths  of  an  inch ;  the  diameter  of  the  aper- 
ture e  about  TCth  of  an  inch.  This  combina- 
tion forms  an  excellent  astronomical  eyepiece, 
with  a  large  flat  field,  and  its  magnifying 
power  is  equivalent  to  that  of  a  single  lens 
five-eighths  or  six-eighths  of  an  inch  focal 
length.  The  lens  C  is  half  an  inch  focal 
length,  and  T4ffths  of  an  inch  in  diameter ;  the 
lens  D  a  quarter  of  an  inch  focus,  and  about 
one-fifth  of  an  inch  in  diameter ;  their  dis- 
tance about  half  an  inch,  or  a  small  fraction 
more.  The  hole  at  d  is  about  2'ffth  or  ^th  of 
an  inch  in  diameter,  and  the  distance  between 
the  lenses  B  and  C  about  1^  inches.  The 
whole  length  of  the  eyepiece  is  3|th  inches — 
exactly  the  same  size  as  represented  in  the 
engraving.  Its  magnifying  power  is  equal  to 
that  of  a  single  lens  one-fourth  of  an  inch 
focal  length ;  and  consequently  the  telescope, 
though  only  9£  inches  long,  magnifies  twen- 
ty-six times  with  great  distinctness,  though 
there  is  a  little  deficiency  of  light  when  view- 
ing land  objects  which  are  not  well  illu- 
minated. 

The  glasses  of  this  telescope  are  all  plano- 
convex, with  their  convex  sides  towards  the 
object,  except  the  lens  D,  which  is  double 
convex,  but  flattest  on  the  side  next  the  eye, 
and  they  are  all  very  accurately  finished.  The 
two  lenses  C  and  D  form  an  astronomical 
eyepiece  nearly  similar  to  that  formed  by  the 
lenses  A  and  B.  The  focus  of  the  telescope 
is  adjusted  by  a  screw,  the  threads  of  which 
are  formed  upon  the  outside  of  a  tube  into 
which  the  eyepiece  slides.  The  eyepiece  and 
apparatus  connected  with  it  is  screwed  into 
the  inside  of  the  main  tube  when  not  in  use, 
when  the  instrument  forms  a  compact  brass 
cylinder  six  inches  long,  which  is  inclosed  in 
a  fish-skin  case,  lined  with  silk  velvet,  which 
opens  with  hinges. 

The  lenses  in  the  eyepieces  formerly  de- 


scribed, though  stated  to  be  plano-convexes, 
are,  for  the^most  part,  crossed  glasses,  that  is, 
ground  on  tools  of  a  long  focus  on  the  one 
side,  and  to  a  short  focus  on  the  other.     The 
construction   of  the  eyepiece  of  the  Dutch 
telescope  above  described  is  one  which  might 
be  adopted  with  a  good  effect  in  most  of  our 
achromatic   telescopes;    and  I  am  per- 
suaded, from  the  application  I  have  made 
of  it  to  various  telescopes,  that  it  is  even 
superior   in   distinctness  and    accurac}*, 
and  in  the  flatness  of  field  which  it  pro- 
duces, to  the  eyepiece  in  common  use. 
The    two    astronomical    eyepieces   of 
which  it  consists,  when  applied  to  large 
achromatic  telescopes,  perform  with  great 
accuracy,   and   are    excellently   adapted   for 
celestial  observations. 


SECTION  III. 

Description  of  the  Pancratic  Eyetube. 

From  what  we  have  stated  when  describing 
the  common  terrestrial  eyepiece  now  applied 
to  achromatic  instruments  (p.  124,  fig.  79,) 
it  appears  obvious  that  any  variety  of  magni- 
fying powers,  within  certain  limits,  may  be 
obtained  by  removing  the  set  of  lenses  C  D, 
fig.  79,  nearer  to  or  further  from  the  tube 
which  contains  the  lenses  A  and  B,  on  the 
same  principle  as  the  magnifying  power  of  a 
compound  microscope  is  increased  by  remov- 
ing the  eyeglasses  to  a  greater  distance  from 
the  object-lens.  If,  then,  the  pair  of  eye- 
lenses  C  D  be  attached  to  an  inner  tube  that 
will  draw  out  and  increase  their  distance  from 
the  inner  pair  of  lenses,  as  the  tube  abed, 
the  magnifying  power  may  be  indefinitely  in- 
creased or  diminished  by  pushing  in  or  draw- 
ing out  the  sliding  tubej  and  a  scale  might  be 
placed  on  this  tube,  which,  if  divided  into 
equal  intervals,  will  be  a  scale  of  magnifying 
powers,  by  which  the  power  of  the  telescope 
will  be  seen  at  every  division,  when  the  lowest 
power  is  once  determined. 

Sir  David  Brewster,  in  his  "  Treatise  on 
New  Philosophical  Instruments/'  Book  I. 
chap.  vii.  page  59,  published  in  1813,  has  ad- 
verted to  this  circumstance  in  his  description 
of  an  "Eyepiece  Wire  Micrometer,"  and 
complains  of  Mr.  Ezekiel  Walker  having  in 
the  "  Philosophical  Magazine"  for  August, 
1811,  described  such  an  instrument  as  an  in- 
vention of  his  own.  Dr.  Kitchener  some 
years  afterward  described  what  he  called  a 
Pancratic  or  omnipotent  eyepiece,  and  got  one 
made  by  Dollond,  with  a  few  modifications 
different  from  that  suggested  by  Brewster  and 
Walker,  which  were  little  else  than  cutting 
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the  single  tube  into  several  parts,  and  giving 
it  the  appearance  of  a  new  invention.  In 
fact,  none  of  these  gentlemen  ha*d  a  right  to 
claim  it  as  his  peculiar  invention,  as  the  prin- 
ciple was  known  and  recognized  long  before. 
I  had  increased  the  magnifying  powers  of 
telescopes  on  the  same  principle  several  years 
before  any  of  these  gentlemen  communicated 
their  views  on  the  subject,  although  I  never 
formerly  constructed  a  scale  of  powers.  Mr. 
B.  Martin,  who  died  in  1782,  proposed,  many 
years  before,  such  a  movable  interior  tube  as 
that  alluded  to  for  varying  the  magnifying 
power. 

In  order  to  give  the  reader  a  more  specific 
idea  of  this  contrivance,  I  shall  present  him 
with  a  figure  and  description  of  one  of  Dr. 
Kitchener's  pancratic  eyepieces,  copied  from 
one  lately  in  my  possession.  The  following 
are  the  exact  dimensions  of  this  instrument, 
with  the  focal  distances,  &c.,  of  the  glasses, 
&c.,  of  which  it  is  composed. 

In.  Tenths. 

Length  of  the  whole  eyepiece, 
consisting  of  four  tubes,  when  fully 
drawn  out,  or  the  distance  from  A 
to  B,  fig.  81  .  .  •  .  14  4 

Length  of  the  three  tubes  on 
which  the  scale  is  engraved,  from 
the  commencement  of  the  divisions 
at  B  to  their  termination  at  C  .  9  15 

Each  division  into  tens  is  equal 
to  3-10ths  of  an  inch. 

When  the  three  inner  tubes  are 
shut  up  to  C,  the  length  of  the 
eyepiece  is  exactly  .  .  .55 

When  these  tubes  are  thus  shut 
up,  the  magnifying  power  for  a  3^ 
feet  achromatic  is  100  times,  which 
is  the  smallest  power.  When  the 
inner  tuoe  is  drawn  out  one-third 
of  an  inch,  or  to  the  first  division, 
the  power  is  110,  &c. 
Focal  distance  of  the  lens  next  the 

object 10 

Breadth  of  ditto  .         .         .     0     65 

The  plane  side  of  this  glass  is  next 

the  object 

Focal  distance  of  the  second 
glass  from  the  object  .  .  .15 

This  glass  is  double  and  equally 
convex. 


In.  TenthB 

Breadth      .         .  .05 

Distance  between  these  two  glasses     1       7 

Focal  distance  of  the  third  or 
field  lens,  which  is  plane  on  the 
side  next  the  eye          .         .         .11 
Beadth  of  ditto   .         .         .         .     0     55 
Focal  distance  of  the  lens  next  the 

eye 06 

Breadth 0     43 

This  glass  is  plane  on  the  side  next 

the  eye. 
Distance  between   the   third  and 

fourth  glasses  .         .         .11 

From  the  figure  and  description,  the  reader 
will  be  at  no  loss  to  perceive  how  the  magni- 
fying power  is  ascertained  by  this  eyepiece. 
If  the  lowest  power  for  a  44  inch  telescope 
be  found  to  be  100  when  the  three  sliding 
tubes  are  shut  into  the  larger  one,  then  by 
drawing  out  the  tube  next  the  eye  four  divi- 
sions, a  power  of  140  is  produced ;  by  draw- 
ing out  the  tube  next  the  eye  its  whole  length, 
and  the  second  tube  to  the  division  marked 
220,  a  power  of  220  times  is  produced ;  and 
drawing  out  all  the  tubes  to  their  utmost  ex- 
tent, as  represented  in  the  figure,  a  power  of 
400  is  obtained.  These  powers  are  by  far 
too  high  for  such  a  telescope,  as  the  powers 
between  300  and  400  can  seldom  or  never  be 
used.  Were  the  scale  to  begin  at  50  and  ter- 
minate at  200,  it  would  be  much  better 
adapted  to  a  3£  feet  telescope.  Each  altera- 
tion of  the  magnifying  power  requires  a  new 
adjustment  of  the  eyepiece  for  distinct  vision. 
As  the  magnifying  power  is  increased,  the 
distance  between  the  eyeglass  and  the  object- 
glass  must  be  diminished.  Dr.  Kitchener 
says  that  "the  pancratic  eye-tube  gives  a 
better  defined  image  of  a  fixed  star,  and  shows 
double  stars  decidedly  more  distinct  and  per- 
fectly separated,  than  any  other  eyetube,  and 
that  such  tubes  will  probably  enable  us  to  de- 
termine the  distances  of  these  objects  from 
each  other  in  a  more  perfect  manner  than  has 
been  possible  heretofore."  These  tubes  are 
made  by  Dollond,  London,  and  are  sold  for 
two  guineas  each ;  but  I  do  not  think  they 
excel  in  distinctness  those  which  are  occa- 
sionally made  by  Mr.  Tulley  and  other  op- 
ticians. 


Fig.  81. 
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CHAPTER  VI. 

Miscellaneous  Remarks  in  Relation  to  Telescopes. 


THE  following  remarks,  chiefly  in  regard 
to  the  manner  of  using  telescopes,  may  per- 
haps be  useful  to  young  observers,  who  are 
not  much  accustomed  to  the  mode  of  manag- 
ing these  instruments. 

1.  Adjustments  requisite  to  be  attended  to 
in  the  use  of  Telescopes. — When  near  ob- 
jects are  viewed  with  a  considerable  magni- 
fying power,  the  eyetube  requires  to  be 
removed  further  from  the  object-glass  than 
when  very  distant  objects  are  contemplated. 
When  the  telescope  is  adjusted  for  an  object 
6,  8,  or  10  miles  distant,  a  very  considerable 
alteration  in  the  adjustment  is  requisite  in 
order  to  see  distinctly  an  object  at  the  dis- 
tance of  two  or  three  hundred  yards,  espe- 
cially if  the  instrument  is  furnished  with  a 
high  magnifying  power.  In  this  last  case, 
the  eyetube  requires  to  be  drawn  out  to  a 
considerable  distance  beyond  the  focus  for 
parallel  rays.  I  have  found  that,  in  a  tele- 
scope which  magnifies  70  times,  when  ad- 
justed for  an  object  at  the  distance  of  two 
miles,  the  adjustment  requires  to  be  altered 
fully  one  inch  in  order  to  perceive  distinctly 
an  object  at  the  distance  «f  two  or  three  hun- 
dred yards ;  that  is,  the  tube  must  be  drawn, 
in  this  case,  an  inch  further  from  the  object- 
glass,  and  pushed  in  the  same  extent,  when 
we  wish  to  view  an  object  at  the  distance  of 
two  or  three  miles.  These  adjustments  are 
made,  in  pocket  perspectives,  by  gently  sliding 
the  eyetube  in  or  out,  by  giving  it  a  gentle 
circular  or  spiral  motion,  till  the  object  appear 
distinct.  In  using  telescopes  which  are  held 
in  the  hand,  the  best  plan  is  to  draw  all  the 
tubes  out  to  their  full  length,  and  then,  look- 
ing at  the  object,  with  the  left  hand  support- 
ing the  main  tube  near  the  object-glass,  and 
the  right  supporting  the  eyetube,  gently  and 
gradually  push  in  the  eyepiece  till  distinct 
vision  be  obtained.  In  Gregorian  reflecting 
telescopes  this  adjustment  is  made  by  means 
of  a  screw  connected  with  the  small  specu- 
lum ;  and  in  large  achromatics,  by  means  of 
a  rack  and  pinion  connected  with  the  eyetube. 
When  the  magnifying  power  of  a  telescope 
is  comparatively  small,  the  eyetube  requires 
to  be  altered  only  a  very  little. 

There  is  another  adjustment  requisite  to 
be  attended  to  in  order  to  adapt  the  telescope 
to  the  eyes  of  different  persons.  Those 
whose  eyes  are  too  convex,  or  who  are  short- 


sighted, require  the  eyetube  to  be  pushed  in, 
and  those  whose  eyes  are  somewhat  flattened, 
as  old  people,  require  the  tube  to  be  drawn 
out.  Indeed,  there  are  scarcely  two  person? 
whose  eyes  do  not  require  different  adjust- 
ments in  a  slight  degree.  In  some  cases  I 
have  found  that  the  difference  of  adjustment 
for  two  individuals,  in  order  to  produce  dis- 
tinct vision  in  each,  amounted  to  nearly  half 
an  inch.  Hence  the  difficulty  of  exhibiting 
the  sun,  moon,  and  planets  through  telescopes, 
and  even  terrestrial  objects,  to  a  com  par  y  of 
persons  who  are  unacquainted  with  the  mode 
of  using  or  adjusting  such  instruments,  not 
one-half  of  whom  generally  see  the  object 
distinctly ;  for  upon  the  proper  adjustment  of 
a  telescope  to  the  eye,  the  accuracy  of  vision 
in  all  cases  depends,  and  no  one  except  the 
individual  actually  looking  through  the  in- 
strument can  be  certain  that  it  is  accurately 
adjusted  to  his  eye ;  and  even  the  individual 
himself,  from  not  being  accustomed  to  the 
view  of  certain  objects,  may  be  uncertain 
whether  or  not  the  adjustment  be  correct.  I 
have  found  by  experience  that  when  the 
magnifying  powers  are  high,  as  150  or  200, 
the  difference  of  adjustment  required  for  dif- 
ferent eyes  is  very  slight;  but  when  low 
powers  are  used,  as  20,  30,  or  40,  the  differ- 
ence of  the  requisite  adjustments  is  sometimes 
very  considerable,  amounting  to  a  quarter  or 
half  an  inch. 

2.  State  of  the  Atmosphere  most  proper  for 
observing  Terrestrial  and  Celestial  Objects. 
— The  atmosphere  which  is  thrown  around  the 
globe,  while  it  is  essentially  requisite  to  the 
physical  constitution  of  our  world,  and  the 
comfort  of  its  inhabitants,  is  found  in  many 
instances  a  serious  obstruction  to  the  accurate 
performance  of  telescopes.  Sometimes  it  ia 
obscured  by  mists  and  exhalations ;  sometimes 
it  is  thrown  into  violent  undulations  by  the 
heat  of  the  sun  and  the  process  of  evaporation ; 
and  even,  in  certain  cases,  where  there  appears 
a  pure  unclouded  azure,  there  is  an  agitation 
among  its  particles  and  the  substances  incor- 
porated with  them  which  prevents  the  tele- 
scope from  producing  distinct  vision  either  of 
terrestrial  or  celestial  objects.  For  viewing 
distant  terrestrial  objects,  especially  with  high 
powers,  the  best  time  is  early  in  the  morning, 
a  little  after  sunrise,  and  from  that  period  till 
about  nine  o'clock,  A.M.  in  summer,  and  in  the 
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evening  about  two  or  three  hours  before  sun- 
set From  about  ten  o'clock.  A.M.  till  four  or 
five  in  the  afternoon,  in  summer,  if  the  sky  be 
clear  and  the  sun  shining,  there  is  generally  a 
considerable  undulation  in  the  atmosphere, 
occasioned  by  the  solar  rays  and  the  rapid 
evaporation,  which  prevents  high  powers  from 
being  used  with  distinctness  on  any  telescope, 
however  excellent.  The  objects  at  such  times, 
when  powers  of  50,  70,  or  100  are  applied, 
appear  to  undulate  like  the  waves  of  the  sea, 
and,  notwithstanding  every  effort  to  adjust  the 
telescope,  they  appear  confused  and  indistinct. 
Even  with  very  moderate  magnifying  powers 
this  imperfection  is  perceptible.  In  such  cir- 
cumstances, I  have  sometimes  used  a  power 
of  200  times  on  distant  land  objects  with  good 
effect  a  little  before  sunset,  when,  in  the  fore- 
noon of  the  same  day,  I  could  not  have  ap- 
plied a  power  of  50  with  any  degree  of  dis- 
tinctness. On  days  when  the  air  is  clear  and 
the  atmosphere  covered  with  clouds,  terrestrial 
objects  may  be  viewed  with  considerably  high 
powers.  When  there  has  been  a  long  con- 
tinued drought,  the  atmosphere  is  then  in  a 
very  unfit  state  for  enjoying  distinct  vision 
with  high  magnifying  powers,  on  account  of 
the  quantity  of  vapours  with  which  the  atmo- 
sphere is  then  surcharged,  and  the  undula- 
tions they  produce.  But,  after  copious  show- 
ers of  rain,  especially  if  accompanied  with  high 
winds,  the  air  is  purified,  and  distant  objects 
appear  with  greater  brilliancy  and  distinct- 
ness than  at  any  other  seasons.  In  using 
telescopes,  the  objects  at  which  we  look  should, 
if  possible,  be  nearly  in  a  direction  opposite  to 
that  of  the  sun.  When  they  are  viewed  nearly 
>n  the  direction  of  the  sun,  their  shadows  are 
turned  towards  us,  and  they  consequently  ap- 
pear dim  and  obscure.  By  not  attending  to 
this  circumstance,  some  persons,  in  trying 
telescopes,  have  pronounced  a  good  instru  ment 
to  be  imperfect,  which,  had  it  been  tried  on 
objects  properly  illuminated,  would  have  been 
found  to  be  excellent.  In  our  variable  north- 
erly climate  the  atmosphere  is  not  so  clear  and 
serene  for  telescopic  observation  as  in  Italy, 
the  south  of  France,  and  in  many  of  the  coun- 
tries which  lie  within  the  tropics.  The  undu- 
lations of  the  air,  owing  to  the  causes  alluded 
to  above,  constitute  one  of  the  principal  rea- 
sons why  a  telescope  magnifying  above  a  hun- 
dred times  can  seldom  be  used  with  any  good 
effect  in  viewing  terrestrial  objects,  though  I 
have  sometimes  used  a  power  of  nearly  200 
with  considerable  distinctness  in  the  stillness 
of  a  summer  or  autumnal  evening,  when  the 
rays  of  the  declining  sun  strongly  illuminated 
distant  objects. 

The  atmosphere  is  likewise  frequently  a 
great  obstruction  to  the  distinct  perception  of 
celestial  objects.    It  is  scarcely  possible  for  one 
(848) 


who  has  not  been  accustomed  to  astronomical 
observations  to  form  a  conception  of  the  very 
great  difference  there  is  in  the  appearance  of 
some  of  the  heavenly  bodies  in  different  states 
of  the  atmosphere.  There  are  certain  condi- 
tions of  the  atmosphere  essentially  requisite 
for  making  accurate  observations  with  power 
ful  telescopes,  and  it  is  but  seldom,  especially 
in  our  climate,  that  all  the  favourable  circum- 
stances concur.  The  nights  must  be  very 
clear  and  serene — the  moon  absent — no  twi- 
light— no  haziness — no  violent  wind — no 
sudden  change  of  temperature,  as  from  thaw 
to  frost — and  no  surcharge  of  the  atmosphere 
with  aqueous  vapour.  I  have  frequently  found 
that,  on  the  first  and  second  nights  after  a 
thaw,  when  a  strong  frost  had  set  in,  and  when 
the  heavens  appeared  very  brilliant,  and  the 
stars  vivid  and  sparkling,  the  planets,  when 
viewed  with  high  powers,  appeared  remark- 
ably undefined  and  indistinct ;  their  margins 
appeared  wavinar  and  jagged ;  and  the  belts 
of  Jupiter,  which  at  other  times  were  remark- 
ably distinct,  were  so  obscured  and  ill  defined 
that  they  could  with  difficulty  be  traced.  This 
was  probably  owing  to  the  quantity  of  aque- 
ous vapour,  and  perhaps  icy  particles,  then 
floating  in  the  air,  and  to  the  undulations 
thereby  produced.  "When  a  hard  frost  has 
continued  a  considerable  time,  this  impedi- 
ment to  distinct  observation  is  in  a  great  mea- 
sure removed.  But  I  have  never  enjoyed 
more  accurate  and  distinct  views  of  the  hea- 
venly bodies  than  in  fresh,  serene  evenings, 
when  there  was  no  frost  and  no  wind,  and 
only  a  few  fleecy  clouds  occasionally  hovering 
around.  On  such  evenings,  and  on  such  alone, 
the  highest  powers  maybe  applied.  I  have 
used  magnifying  powers  on  such  occasions 
with  good  effect  which  could  not  have  been 
applied,  so  as  to  insure  distinct  vision,  more 
frequently  than  two  or  three  days  in  the  course 
of  a  year. 

Sir  William  Herschel  has  observed,  in  re- 
ference to  this  point,  "  In  beautiful  nights, 
when  the  outside  of  our  telescopes  is  dropping 
with  moisture,  discharged  from  the  atmo- 
sphere, there  are  now  and  then  favourable 
hours  in  which  it  is  hardly  possible  to  put  a 
limit  to  the  magnifying  powers ;  but  such 
valuable  opportunities  are  extremely  scarce, 
and  with  large  instruments  it  will  always  be 
lost  labour  to  observe  at  other  times.  In  order, 
therefore,  to  calculate  how  long  a  time  it  must 
take  to  sweep  the  heavens,  as  far  as  they  are 
within  the  reach  of  my  forty-feet  telescope, 
charged  with  a  magnifying  power  of  1000,  I 
I  have  had  recourse  to  my  journals  to  find 
how  many  favourable  hours  we  may  annually 
hope  for  in  this  climate ;  and,  under  all  favour- 
able circumstances,  it  appears  that  a  year 
which  will  afford  ninety,  or,  at  most,  one  him 
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dred  hours,  is  to  be  called  very  productive." 
"  In  the  equator,  with  my  twenty-feet  tele- 
scope, I  have  swept  over  zones  of  two  degrees 
with  a  power  of  157,  but  an  allowance  often 
minutes  in  polar  distance  must  be  made  for 
lapping  the  sweeps  over  one  another  where 
they  join.  As  the  breadth  of  the  zones  may 
be  increased  towards  the  poles,  the  northern 
hemisphere  may  be  swept  in  about  40  zones ; 
to  these  we  must  add  19  southern  zones  ;  then 
59  zones,  which,  on  account  of  the  sweeps 
lapping  over  one  another  about  five  minutes 
of  time  in  right  ascension,  we  must  reckon  of 
25  hours  each,  will  give  1475  hours;  and  al- 
lowing 100  hours  per  year,  we  find  that  with 
the  twenty-feet  telescope  the  heavens  may  be 
swept  in  about  fourteen  years  and  three  quar- 
ters. Now  the  time  of  sweeping  with  differ- 
ent magnifying  powers  will  be  as  the  squares 
of  the  powers ;  and  putting  p  and  t  for  the 
power  and  time  in  the  twenty-feet  telescope, 
and  P  =  1000  for  the  power  in  the  forty-feet 
instrument,  we  shall  have  p2  :  t  :  :  P*:  '^= 
59840.  Then,  making  the  same  allowance  for 
100  hours  per  year,  it  appears  that  it  will  require 
not  less  than  598  years  to  look  with  the  forty- 
feet  reflector,  charged  with  the  above-mention- 
ed power,  only  one  single  moment  into  each 
point  of  space ;  and  even  then,  so  much  of 
the  southern  hemisphere  will  remain  unex- 
plored as  will  take  up  213  years  more  to  ex- 
amine."* 

From  the  above  remarks  of  so  eminent  an 
observer,  the  reader  will  perceive  how  difficult 
it  is  to  explore  the  heavens  with  minuteness 
and  accuracy,  and  with  how  many  disappoint- 
ments, arising  from  the  state  of  the  atmosphere, 
the  astronomer  must  lay  his  account,  when 
employed  in  planetary  or  sidereal  investiga- 
tion. Besides  the  circumstances  now  stated, 
it  ought  to  be  noticed  that  a  star  or  a  planet 
is  only  in  a  situation  for  a  high  magnifying 
power  about  half  the  time  it  is  above  the  hori- 
zon. The  density  of  the  atmosphere,  and  the 
quantity  of  vapours  with  which  it  is  charged 
near  the  horizon,  prevent  distinct  vision  of 
celestial  objects  with  high  powers  till  they  have 
risen  to  at  least  15  or  20  degrees  in  altitude, 
and  the  highest  magnifiers  can  scarcely  be  ap- 
plied with  good  effect  unless  the  object  is  near 
the  meridian,  and  at  a  considerable  elevation 
above  the  horizon.  If  the  moon  be  viewed  a 
little  after  her  rising,  and  afterward  when  she 
conies  to  her  highest  elevation  in  autumn,  the 
difference  in  her  appearance  and  distinctness 
will  be  strikingly  perceptible.  It  is  impossi- 
ble to  guess  whether  a  night  be  well  adapted 
for  celestial  observations  till  we  actually  make 
the  experiment,  and  instruments  are  frequently 

*  Philosophical  Transactions  for  1800,  vol.  xc. 
p.  80,  &c. 
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condemned,  when  tried  at  improper  seasons, 
when  the  atmosphere  only  is  in  fault.  A  cer- 
tain observer  remarks,  "  I  have  never  seen  the 
face  of  Saturn  more  distinctly  than  in  a  night 
when  the  air  has  been  so  hazy  that  with  my 
naked  eye  I  could  hardly  discern  a  star  of  less 
than  the  third  magnitude."  The  degree  of 
the  transparency  of  the  air  is  likewise  varying 
almost  in  the  course  of  every  minute,  so  that 
even  in  the  course  of  the  same  half  hour 
planets  and  stars  will  appear  perfectly  defined, 
and  the  reverse.  The  vapours  moving  and 
undulating  the  atmosphere,  even  when  the 
sky  appears  clear  to  the  naked  eye,  will  in  a 
few  instants  destroy  the  distinctness  of  vision, 
and  in  a  few  seconds  more  the  object  will  re- 
sume its  clear  and  well-defined  aspect."j 

3.   On  the  magnifying  Powers  requisite, 
for  observing  the  Phenomena  of  the  different 

Planets,  Comets,  double  Stars,  $c There 

are  some  objects  connected  with  astronomy 
which  cannot  be  perceived  without  having 
recourse  to  instruments  and  to  powers  of  great 
magnitude ;  but  it  is  a  vulgar  error  to  imagine 
that  very  large  and  very  expensive  telescopes 
are  absolutely  necessary  for  viewing  the  greater 
part  of  the  more  interesting  scenery  of  the 
heavens.  Most  of  the  phenomena  of  the 
planets,  comets,  double  stars,  and  other  ob- 
jects, are  visible  with  instruments  of  moderate 
dimensions,  so  that  every  one  who  has  a  relish 
for  celestial  investigations  may,  at  a  compara- 
tively small  expense,  procure  a  telescope  for 
occasional  observations  which  will  show  the 
principal  objects  and  phenomena  described  in 
books  on  astronomy.  Many  persons  have 
been  misled  by  some  occasional  remarks  which 
Sir  W.  Herschel  made,  in  reference  to  certain 
very  high  powers  which  he  sometimes  put,  by 
way  of  experiment,  on  some  of  his  telescopes, 
as  if  these  were  the  powers  requisite  for  view- 
ing the  objects  to  which  he  refers.  For  ex- 
ample, it  is  stated  that  he  once  put  a  power 
of  6450  times  on  his  seven-feet  Newtonian 
telescope  of  6  T3ffth  inches  aperture;  but  this 
was  only  for  the  purpose  of  an  experiment, 
and  could  be  of  no  use  whatever  when  applied 
to  the  moon,  the  planets,  and  most  objects  in 
the  heavens.  Herschel,  through  the  whole 
course  of  his  writings,  mentions  his  only 
having  used  it  twice,  namely^  on  the  stars 
a  Lyra  and  y  Leonis,  which  stars  can  be  seen 

f  In  using  telescopes  within  doors,  care  should 
generally  be  taken  that  there  be  no  fires  in  tlie 
apartment  where  they  are  placed  for  observation, 
and  that  the  air  within  be  nearly  of  the  same  fem- 
perature  as  the  air  of  the  surrounding  atmo- 
sphere ;  for  if  the  room  be  filled  with  heated  a?r, 
when  the  windows  are  opened  there  will  be  a  cur 
rent  of  cold  rushing  in.  and  of  heated  rushing  out 
which  will  produce  such  an  undulation  and  tre- 
mulous motion  as  will  prevent  any  celestial  ob- 
ject from  being  distinctly  seen. 
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more  distinctly  and  sharply  defined  with  a 
power  of  420.  To  produce  a  power  of  6450 
on  such  a  telescope  would  require  a  lens  of 
only  ^th  of  an  inch  in  focal  distance ;  and  it 
is  questioned  by  some  whether  Herschel  had 
lenses  of  so  small  a  size  in  his  possession,  or 
whether  it  is  possible  to  form  them  with  ac- 
curacy. 

Powers  requisite  for  observing  the  Pheno- 
mena of  the  Planets. — The  planet  Mercury 
requires  a  considerable  magnifying  power  in 
order  to  perceive  its  phases  with  distinctness. 
I  have  seldom  viewed  this  planet  with  a  less 
power  than  100  and  150,  with  which  powers 
its  half  moon,  its  gibbous,  and  its  crescent 
phase  may  be  distinctly  perceived.  With  a 
power  of  40,  50,  or  even  60  times,  these 
phases  can  with  difficulty  be  seen,  especially 
as  it  is  generally  at  a  low  altitude  when  such 
observations  are  made.  The  phases  of  Venus 
are  much  more  easily  distinguished,  espe- 
cially the  crescent  phase,  which  is  seen  to  the 
greatest  advantage  about  a  month  before  and 
after  the  inferior  conjunction.  With  a  power 
not  exceeding  25  or  30  times,  this  phase,  at 
such  periods,  may  be  easily  perceived.  It  re- 
quires, however,  much  higher  powers  to  per- 
ceive distinctly  the  variations  of  the  gibbous 
phase ;  and  if  this  planet  be  not  viewed  at  a 
considerably  high  altitude  when  in  a  half- 
moon  or  gibbous  phase,  the  obscurity  and  un- 
dulations of  the  atmosphere  near  the  horizon 
prevent  such  phases  from  being  accurately 
distinguished,  even  when  high  powers  are  ap- 
plied. Although  certain  phenomena  of  the 
planets  may  be  seen  with  such  low  powers  as 
I  have  now  stated,  yet  in  every  instance  the 
highest  magnifying  powers  consistent  with 
distinctness  should  be  preferred,  as  the  eye  is 
not  then  strained,  and  the  object  appears  with 
a  greater  degree  of  magnitude  and  splendour. 
The  planet  Mars  requires  a  considerable  de- 
gree of  magnifying  power,  even  when  at  its 
nearest  distance  from  the  earth,  in  order  to 
discern  its  spots  and  its  gibbous  phase.  I 
have  never  obtained  a  satisfactory  view  of  the 
spots  which  mark  the  surface,  and  their  rela- 
tive position,  with  a  less  power  than  130,  160, 
or  200  times;  and  even  with  such  powers, 
persons  not  much  accustomed  to  look  through 
telescopes  find  a  difficulty  in  distinguishing 
them. 

The  strongest  and  most  prominent  belts  of 
Jupiter  may  be  seen  with  a  power  of  about 
45,  which  power  may  be  put  upon  a  twenty- 
inch  achromatic  or  a  one-foot  reflector ;  but  a 
satisfactory  view  of  all  the  belts,  and  the  re- 
lative positions  they  occupy,  cannot  be  ob- 
tained with  much  lower  powers  than  80,  100, 
or  140.  The  most  common  positions  of  these 
belts  are,  one  dark  and  well-defined  belt  to 
the  south  of  Jupiter's  equator;  another  of 
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nearly  the  same  description  to  the  north  of  it, 
and  one  about  his  north  and  his  south  polar 
circles.  These  polar  belts  are  much  more  faint 
and,  consequently,  not  so  easily  distinguished 
as  the  equatorial  belts.  The  moons  of  this 
planet,  in  a  very  clear  night,  may  sometimes 
be  seen  with  a  pocket  one-foot  achromatic 
glass,  magnifying  about  15  or  16  times.  Some 
people  have  pretended  that  they  could  see  some 
of  these  satellites  with  their  naked  eye ;  but 
this  is  very  doubtful,  and  it  is  probable  that 
such  persons  mistook  certain  fixed  stars  which 
happened  to  be  near  Jupiter  for  his  satellites. 
But,  in  order  to  have  a  clear  and  interesting 
view  of  these,  powers  of  at  least  80  or  100 
times  should  be  used.  In  order  to  perceive 
their  immersions  into  the  shadow  of  Jupiter, 
and  the  exact  moment  of  their  emersions  from 
it,  a  telescope  not  less  than  a  44  inch  achro- 
matic, with  a  power  of  150,  should  be  em- 
ployed. When  these  satellites  are  viewed 
through  large  telescopes  with  high  magnifying 
powers,  they  appear  with  well-defined  disks, 
like  small  planets.  The  planet  Jupiter  has 
generally  been  considered  as  a  good  test  by 
which  to  try  telescopes  for  celestial  purposes. 
When  it  is  near  the  meridian  and  at  a  high 
altitude,  if  its  general  surface,  its  belts,  and  its 
margin  appear  distinct  and  well  defined,  it 
forms  a  strong  presumptive  evidence  that  the 
instrument  is  a  good  one. 

The  planet  Saturn  forms  one  of  the  most 
interesting  objects  for  telescopic  observation. 
The  ring  of  Saturn  may  be  seen  with  a  power 
of  45  ;  but  it  can  only  be  contemplated  with 
advantage  when  powers  of  100,  150,  and  200 
are  applied  to  a  three  or  a  five  feet  achromatic. 
The  belts  of  Saturn  are  not  to  be  seen  dis- 
tinctly with  an  achromatic  of  less  than  2|th 
inches  aperture,  or  a  Gregorian  reflector  of 
less  than  four  inches  aperture,  nor  with  a  less 
magnifying  power  than  100  times.  Sir  W. 
Herschel  has  drawn  this  planet  with  five  belts 
across  its  disk ;  but  it  is  seldom  that  above  one 
or  two  of  them  can  be  seen  by  moderate-sized 
telescopes  and  common  observers.  The  di- 
vision of  the  double  ring,  when  the  planet  is 
in  a  favourable  position  for  observation,  and 
in  a  high  altitude,  may  sometimes  be  per- 
ceived with  a  44  inch  achromatic,  with  an 
aperture  of  2|th  inches,  and  with  powers  of 
150  or  180;  but  higher  powers  aijd  larger 
instruments  are  generally  requisite  to  perceive 
this  phenomenon  distinctly ;  and  even  when 
a  portion  of  it  is  seen  at  the  extremities  of  the 
ansse,  the  division  cannot,  in  every  case,  be 
traced  along  the  whole  of  the  half-circumfer- 
ence of  the  ring  which  is  presented  to  our 
eye.  Mr.  Hadley's  engraving  of  Saturn,  in 
the  "Philosophical  Transactions"  for  1723, 
though  taken  with  a  Newtonian  reflector  with 
a  power  of  228,  represents  the  division  of  the 


MANNER  OF  USING  TELESCOPES. 


133 


ring  as  seen  only  on  the  ansae  or  extremities 
of  the  elliptic  figure  in  which  the  ring  ap- 
pears. The  oest  period  for  observing  this  di- 
vision is  when  the  ring  appears  at  its  utmost 
width.  In  this  position  it  was  seen  in  1840, 
and  it  will  appear  nearly  in  the  same  position  in 
1855.  When  the  ring  appears  like  a  very  nar- 
row ellipse  a  short  time  previous  to  its  disappear- 
ance, the  division,  or  dark  space  between  the 
rings,  cannot  be  seen  by  ordinary  instruments. 

Sir  W.  Hersrhel  very  properly  observes, 
"  There  is  not,  perhaps,  another  object  in  the 
heavens  that  presents  us  with  such  a  variety 
of  extraordinary  phenomena  as  the  planet 
Saturn  :  a  magnificent  globe,  encompassed  by 
a  stupendous  double  ring ;  attended  by  seven 
satellites ;  ornamented  with  equatorial  belts ; 
compressed  at  the  poles;  turning  upon  its 
axis ;  mutually  eclipsing  its  ring  and  satellites, 
and  eclipsed  by  them ;  the  most  distant  of  the 
rings  also  turning  upon  its  axis,  and  the  same 
'taking  place  with  the  furthest  of  the  satellites ; 
all  the  parts  of  the  system  of  Saturn  occasion- 
ally reflecting  light  on  each  other;  the  rings 
and  moons  illuminating  the  nights  of  the  Sa- 
turnian,  the  globe  and  satellites  enlightening 
the  dark  parts  of  the  ring ;  and  the  planet 
and  rings  throwing  back  the  sun's  beams 
upon  the  moons,  when  they  are  deprived  of 
them  at  the  time  of  their  conjunctions."  This 
illustrious  astronomer  states  that  with  a  new 
seven  feet  mirror  of  extraordinary  distinct- 
ness he  examined  this  planet,  and  found 
that  the  ring  reflects  more  light  than  the  body, 
and  with  a  power  of  570  the  colour  of  the 
body  becomes  yellowish,  while  that  of  the 
ring  remains  more  white.  On  March  11, 
1780,  he  tried  the  powers  of  222,  332,  and 
440  successively,  and  found,  the  light  of  Sa- 
turn less  intense  than  that  of  the  ring ;  the 
colour  of  the  body  turning,  with  the  high 
powers,  to  a  kind  of  yellow  white,  while  that 
of  the  ring  still  remained  white. 

Most  of  the  satellites  of  Saturn  are  difficult 
to  be  perceived  with  ordinary  telescopes,  ex- 
cepting the  fourth,  which  rnay  be  seen  with 
powers  of  from  60  to  100  times.  It  was  dis- 
covered by  Huygens  in  1655  by  means  of  a 
common  refracting  telescope  12  feet  long, 
which  might  magnify  about  70  times.  The 
next  in  brightness  to  this  is  the  fifth  satellite, 
which  Cassini  discovered  in  1671  by  means 
of  a  17  feet  refractor,  which  might  carry  a 
power  of  above  80  times.  The  third  was 
discovered  by  the  same  astronomer  in  1672 
by  a  longer  telescope  ;  and  the  first  and  second 
in  1684,  by  means  of  two  excellent  object- 
glasses  of  100  and  136  feet,  which  might 
have  magnified  from  200  to  230  times.  They 
were  afterwards  seen  by  two  other  glasses  of 
70  and  90  feet,  made  by  Campani,  and  sent 
from  Rome  to  the  Royal  Observatory  at  Paris 


by  the  king's  order,  after  the  discovery  of  the 
third  and  fifth  satellites.  It  is  asserted,  how- 
ever, that  all  those  five  satellites  were  after- 
ward seen  with  a  lelescope  of  34  feet,  with 
an  aperture  of  T3ffth  inches,  which  would 
magnify  about  120  times.  These  satellites, 
on  the  whole,  except  the  fourth  and  fifth,  are 
not  easily  detected.  Dr.  Derham,  who  fre- 
quently viewed  Saturn  through  Huygen's 
glass  of  126  feet  focal  length,  declares,  in  the 
preface  to  his  "Astro-Theology,"  that  he 
could  never  perceive  above  three  of  the  satel- 
lites. Sir  W.  Herschel  observes,  that  the 
visibility  of  these  minute  and  extremely  faint 
objects  depends  more  on  the  penetrating  than 
upon  the  magnifying  power  of  our  telescopes; 
and  that  with  a  ten  feet  Newtonian,  charged 
with  a  magnifying  power  of  only  60,  he  saw 
all  the  five  old  satellites ;  but  the  sixth  and 
seventh,  which  were  discovered  and  were 
easily  seen  with  his  forty  feet  telescope,  and 
were  also  visible  in  his  twenty  feet  instrument, 
were  not  discernible  in  the  seven  or  the  ten 
feet  telescopes,  though  all  that  magnifying 
power  can  do  may  be  done  as  well  with  the 
seven  feet  as  with  any  larger  instrument 
Speaking  of  the  seventh  satellite,  he  says, 
"  Even  in  my  forty  feet  reflector  it  appears  no 
bigger  than  a  very  small  lucid  point.  I  see 
it,  however,  very  well  in  the  twenty  feet  re- 
flector, to  which  the  exquisite  figure  of  the 
speculum  not  a  little  contributes."  A  late 
observer  asserts  that  in  1825,  with  a  twelve 
feet  achromatic,  of  seven  inches  aperture, 
made  by  Tulley,  with  a  power  of  150,  the 
seven  satellites  were  easily  visible,  but  not  so 
easily  with  a  power  of  200 ;  and  that  the 
planet  appeared  as  bright  as  brilliantly  bur- 
nished silver,  and  the  division  in  the  ring  and 
a  belt  were  very  plainly  distinguished  with  a 
power  of  200. 

The  planet  Uranus,  being  generally  invi- 
sible to  the  naked  eye,  is  seldom  an  object  of 
attention  to  common  observers.  A  consider- 
able magnifying  power  is  requisite  to  make  it 
appear  in  a  planetary  form  with  a  well  de- 
fined disk.  The  best  periods  for  detecting  it 
are  when  it  is  near  its  opposition  to  the  sun, 
or  when  it  happens  to  approximate  to  any  of 
the  other  planets,  or  to  a  well  known  fixed 
star.  When  none  of  these  circuiuatances 
occur,  its  position  requires  to  be  poimcd  out 
by  an  equatorial  telescope.  On  the  morning 
of  the  25th  of  January,  1841,  this  planet 
happened  to  be  in  conjunction  with  Venus,  at 
which  time  it  was  only  four  minutes  north  of 
that  planet.  Several  days  before  this  con- 
junction I  made  observations  on  Uranus. 
On  the  evening  of  the  24th,  about  eight  hours 
before  the  conjunction,  the  two  planets  ap- 
peared in  the  same  field  of  the  telescope,  the 
one  exceedingly  splendid,  and  the  other  more 
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obscure,  but  distinct  and  well  defined.  Uranus 
could  not  be  perceived  either  with  the  naked 
eye  or  with  an  opera-glass,  but  could  be  dis- 
tinguished as  a  very  small  star  by  means  of  a 
pocket  achromatic  telescope  magnifying  about 
14  times.  It  is  questionable  whether,  under 
the  most  favourable  circumstances,  this  planet 
can  ever  be  distinguished  by  the  naked  eye. 
With  magnifying  powers  of  30  and  70,  it  ap- 
peared as  a  moderately  large  star  with  a 
steady  light,  but  without  any  sensible  disk. 
With  powers  of  120,  180,  and  250,  it  pre- 
sented a  round  and  pretty  well  defined  disk, 
but  not  so  luminous  and  distinct  as  it  would 
have  done  in  a  higher  altitude. 

The  Double  Stars  require  a  great  variety 
of  powers  in  order  to  distinguish  the  small 
stars  that  accompany  the  larger.  Some  of 
them  are  distinguished  with  moderate  powers, 
while  others  require  pretty  large  instruments, 
furnished  with  high  magnifying  eyepieces. 
I  shall  therefore  select  only  a  few  as  a  speci- 
men. The  star  Castor,  or  a  Geminorum, 
may  be  easily  seen  to  be  double  with  powers 
of  from  70  to  100.  I  have  sometimes  seen 
these  stars,  which  are  nearly  equal  in  size  and 
colour,  with  a  terrestrial  power  of  44  on  a  44 
inch  achromatic.  The  appearance  of  this 
star  with  such  powers  is  somewhat  similar 
to  that  of  jy  Coronas  in  a  seven  feet  achro- 
matic of  five  inches  aperture,  with  a  power 
of  500.  y  Andromedse  may  be  seen  with  a 
moderate  power.  In  a  thirty  inch  achromatic 
of  two  inches  aperture  and  a  power  of  80,  it 
appears  like  £  Bootis  when  seen  in  a  five  feet 
.achromatic  with  a  power  of  460.  This  star 
.is  said  to  be  visible  even  in  a  one  foot  achro- 
matic with  a  power  of  35.  s  Lyrse,  which  is 
a  quintuple  star,  but  appears  to  the  naked 
eye  as  a  single  star,  may  be  seen  to  be  double 
with  a  power  of  from  six  to  twelve  times,  y  Le- 
onig  is  visible  in  a  44  inch  achromatic  with 
a  power  of  180  or  200.  Rigel  in  a  3£  feet 
achromatic,  may  be  seen  with  powers  vary- 
ing from  130  to  200.  The  small  star,  how- 
ever, which  accompanies  Rigel,  is  sometimes 
difficult  to  be  perceived,  even  with  such 
powers.  *  Bootis  is  seldom  distinctly  defined 
with  an  achromatic  of  less  aperture  than  3^th 
inches,  or  a  reflector  of  less  than  five  inches, 
with  a  power  of  at  least  250. 

These  and  similar  stars  are  not  to  be  ex- 
pected to  be  seen  equally  well  at  all  times, 
even  when  the  magnifying  and  illuminating 
powers  are  properly  proportioned,  as  much 
depends,  upon  the  state  of  the  weather,  and 
the  pureness  of  the  atmosphere.  In  order  to 
perceive  the  closest  of  the  double  stars,  Sir 
W.  Herschel  recommends  that  the  power  of 
the  telescope  should  be  adjusted  upon  a  star 
known  to  be  single,  of  nearly  the  same  alti- 
tude, magnitude,  and  colour  with  the  double 
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star  which  is  to  be  observed,  or  upon  one  stai 
above  and  another  below  it.  Thus  the  late 
Mr.  Albert,  the  astronomer,  could  not  see  the 
two  stars  of  y  Lconis  when  the  focus  was  ad- 
justed upon  that  star  itself,  but  he  soon  ob- 
served the  small  star  after  he  had  adjusted 
the  focus  upon  Regulus.  An  exact  adjust- 
ment of  the  focus  of  the  instrument  is  indis- 
pensably requisite  in  order  to  perceive  such 
minute  objects. 

In  viewing  the  Nefjula:,  and  the  very  small 
and  immensely  distant  fixed  stars,  which  re- 
quire much  light  to  render  them  visible,  a 
large  aperture  of  the  object-glass  or  speculum, 
which  admits  of  a  great  quantity  of  light,  is 
of  more  importance  than  high  magnifying 
powers.  It  is  light  chiefly,  accompanied  with 
a  moderate  magnifying  power,  that  enables 
us  to  penetrate  into  the  distant  regions  of 
space.  Sir  W.  Herschel,  when  sweeping  the 
profundities  of  the  Milky  Way,  and  the  Hand 
and  Club  of  Orion,  used  a  telescope  of  th£ 
Newtonian  form,  twenty  feet  focal  length  and 
1 8T7ff  th  inches  in  diameter,  with  a  power  of 
only  157.  On  applying  this  telescope  and 
power  to  a  part  of  the  Via  Lactea,  he  found 
that  it  completely  resolved  the  whole  whitish 
appearance  into  stars,  which  his  former  tele- 
scopes had  not  light  enough  to  effect,  and 
which  smaller  instruments  with  much  higher 
magnifying  powers  would  not  have  effected. 
He  tells  us  that,  with  this  power,  "  the  glo- 
rious multitude  of  stars,"  in  the  vicinity  of 
Orion,  u  of  all  possible  sizes,  that  presented 
themselves  to  view,  was  truly  astonishing, 
and  that  he  had  fields  which  contained  70, 
90,  and  110  stars,  so  that  a  belt  of  fifteen  de- 
grees long  and  two  degrees  broad,  which 
passed  through  the  field  of  the  telescope  in  an 
hour,  could  not  contain  less  than  fifty  thou- 
sand stars  that  were  large  enough  to  be  dis- 
tinctly numbered."  In  viewing  the  Milky 
Way,  the  Nebulae,  and  small  cluster  of  stars, 
such  as  Praecepe  in  Cancer,  I  generally  use 
a  power  of  55  times  on  an  achromatic  tele- 
scope six  feet  six  inches  in  focal  length  and 
four  inches  in  diameter.  The  eyepiece  which 
produces  this  power — which  I  formed  for  the 
purpose — consists  of  two  convex  lenses,  the 
one  next  the  eye  three  inches  focal  length  and 
ly^ths  of  an  inch  diameter,  and  that  next  the 
object  3£  inches  focus  and  l-j^ths  of  an  inch 
diameter,  the  deepest  convex  surfaces  being 
next  each  other,  and  their  distance  a  quarter 
of  an  inch.  With  this  eyepiece  a  very  large 
and  brilliant  field  of  view  is  obtained  ;  and  I 
find  it  preferable  to  any  higher  powers  in 
viewing  the  nebulosities  and  clusters  of  stars. 
In  certain  spaces  of  the  heavens  it  sometimes 
presents  in  one  field  nearly  a  hundred  stars. 
It  likewise  serves  to  exhibit  a  very  clear  and 
interesting  view  of  the  full  moon.  • 
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In  observing  Comets,  a  very  small  power  4.  Mode  of  exhibiting  tke  Solar  Spots. — 
ehould  generally  be  used,  even  on  large  in-  The  solar  spots  may  be  contemplated  with 
struments.  These  bodies  possess  so  small  a  advantage  by  magnifying  powers  varying  from 
quantity  of  light,  and  they  are  so  frequently  60  to  180  times;  about  90  times  is  a  good 
enveloped  in  a  veil  of  dense  atmosphere,  that  medium  power,  though  they  may  sometimes 
magnifying  power  sometimes  renders  them  be  distinguished  with  very  low  powers,  such 
more  obscure,  and  therefore  the  illuminating  as  those  usually  adapted  to  a  one-foot  tele- 
power  of  a  large  teJescope  with  a  small  power  scope,  or  even  by  means  of  a  common  opera- 
is  in  all  cases  to  be  preferred.  A  comet  eye-  glass.  The  common  astronomical  eyepieces 
piece  should  he  constructed  with  a  very  large  given  along  with  achromatic  telescopes,  and 
and  uniformly  distinct  field,  and  should  mag-  the  sunglasses  connected  with  them,  are 
nify  only  from  15  to  30  or  40  times,  and  the  generally  ill  adapted  for  taking  a  pleasant 
lenses  of  such  an  eyetube  should  be  nearly  and  comprehensive  view  of  the  solar  spots. 
two  inches  in  diameter.  The  late  Rev.  F.  In  the  higher  magnifying  powers,  the  first 
Wollaston  recommended  for  observing  comets  eyeglass  is  generally  at  too  great  a  distance 
"  a  telescope  with  an  achromatic  object-glass  from  the  eye,  and  the  sunglass  which  is 
of  16  inches  focal  length  and  two  inches  screwed  over  it  removes  it  to  a  still  greater 
aperture,  with  a  Ramsden's  eyeglass  magni-  distance  from  the  point  to  which  the  eye  is 
fying  about  25  times,  mounted  on  a  very  firm  applied,  so  that  not  above  one-third  of  the 
equatorial  stand,  the  field  of  view  taking  in  field  of  view  can  be  taken  in.  The  circum- 
two  degrees  of  a  great  circle."  stance  renders  it  difficult  to  point  the  instru- 

In  viewing  the  moon,  various  powers  may  ment  to  any  particular  small  spot  on  the  solar 
be  applied,  according  to  circumstances.  The  disk  which  we  wish  minutely  to  inspect ;  and 
best  periods  of  the  moon  for  inspecting  the  besides,  it  prevents  us  from  taking  a  com  pro- 
inequalities  on  its  surface  are  either  when  it  hensive  view  of  the  relative  positions  of  all 
assumes  a  crescent  or  a  half-moon  phase,  or  the  spots  that  may  at  any  time  be  traversing 
two  or  three  days  after  the  period  of  half- rnoon.  the  disk.  To  obviate  this  inconvenience, 
Several  days  after  full  moon,  and  particularly  the  sunglass  would  require  to  be  placed  so 
about  the  third  quarter,  when  the  orb  is  near  to  the  glass  next  the  eye  as  almost  to 
waning,  and  when  the  shadows  of  its  moun-  touch  it.  But  this  is  sometimes  difficult  to  be 
tains  and  vales  are  thrown  in  a  different  attained,  and,  in  high  powers,  even  the  thick- 
direction  from  what  they  are  when  on  the  ness  of  the  sunglass  itself  is  sufficient  to  pre- 
increase,  the  most  prominent  and  interesting  vent  the  eye  from  taking  in  the  whole  field 
views  may  be  obtained.  The  most  convenient  of  view.  For  preventing  the  inconveniences 
season  for  obtaining  such  views  is  during  the  to  which  I  now  allude,  I  generally  make  use' 
autumnal  months,  when  the  moon,  about  the  of  a  terrestrial  eyepiece  of  a  considerable 
third  quarter,  sometimes  rises  as  early  as  power,  with  a  large  field ;  the  sunglass  is  fixed 
eight  o'clock  P.M.,  and  may  be  viewed  at  a  at  the  end  of  a  short  tube,  which  slides  on  the 
considerably  high  altitude  by  ten  or  eleven,  eyepiece,  and  permits  the  coloured  glass  to 
When  in  the  positions  now  alluded  to,  and  at  approach  within  a  line  or  two  of  the  lens  next 
a  high  altitude,  very  high  magnifying  powers  the  eye,  so  that  the  whole  field  of  the  tele- 
may  sometimes  be  applied  with  good  effect,  scope  is  completely  secured.  The  eyepiece 
especially  if  the  atmosphere  be  clear  and  alluded  to  carries  a  magnifying  power  of  95 
serene.  I  have  sometimes  applied  a  power,  times  for  a  46  inch  telescope,  and  takes  in 
in  such  cases,  of  350  times  on  a  46  inch  about  three-fourths  of  the  surface  of  the  sun, 
achromatic  with  considerable  distinctness ;  so  that  the  relative  positions  of  all  the  spots 
but  it  is  only  two  or  three  times  in  a  year,  may  generally  be  perceived  at  one  view, 
and  when  the  atmosphere  is  remarkably  Such  a  power  is,  in  most  cases,  quite  suffi- 
tavourable,  that  such  a  power  can  be  used,  cient  for  ordinary  observations,  and  I  have 
The  autumnal  evenings  are  generally  best  seldom  found  any  good  effect  to  arise  from 
fitted  for  such  observations.  The  full  moon  attempting  very  high  powers  when  minutely 
is  an  object  which  is  never  seen  to  advantage  examining  the  solar  spots, 
with  high  powers,  as  no  shadows  or  inequali-  But  the  most  pleasant  mode  of  viewing  the 
ties  on  its  surface  can  then  be  perceived.  It  solar  spots,  especially  when  we  wish  to  exhibit 
forms,  however,  a  very  beautiful  object  when  them  to  others,  is  to  throw  the  image  of  the 
magnifying  powers  not  higher  than  40,  50,  or  sun  upon  a  white  screen,  placed  in  a  room 
60  times  are  used.  A  power  of  45  times,  if  which  is  considerably  darkened.  It  is  diffi- 
properly  constructed,  will  show  the  whole  of  cult,  however,  when  the  sun  is  at  a  high  alti- 
the  moon  with  a  margin  around  it,  when  the  tude,  to  put  this  method  into  practice,  on 
darker  and  brighter  parts  of  its  surface  will  account  of  the  great  obliquity  with  which  his 
present  a  variegated  aspect,  and  appear  some-  rays  then  fall,  which  prevents  a  screen  from 
what  like  a  map  to  the  eye  of  the  observer.  being  placed  at  any  considerable  distance  frorr 
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the  eye-end  of  the  telescope.  The  following 
plan,  therefore,  is  that  which  I  uniformly 
adopt,  as  being  both  the  easiest  and  the  most 
satisfactory.  A  telescope  is  placed  in  a  con- 
venient position,  so  as  to  be  directed  to  the 
sun.  This  telescope  is  furnished  with  a  dia- 
gonal eyepiece,  such  as  that  represented  in 
fig.  77  (p.  123.)  The  window-shutters  of  the 
apartment  are  all  closed  excepting  a  space 
sufficient  to  admit  the  solar  rays;  and  when 
the  telescope  is  properly  adjusted,  a  beautiful 
image  of  the  sun,  with  all  the  spots  which 
then  happen  to  diversify  his  surface,  is  thrown 
upon  the  ceiling  of  the  room.  This  image 
may  be  from  12  to  20,  or  30  inches  or  more 
in  diameter,  according  to  the  distance  of  the 
ceiling  from  the  diagonal  eyepiece.  The 
greater  this  distance  is,  the  larger  the  image. 
If  the  sun  is  at  a  very  high  altitude,  the  image 
will  be  elliptical ;  if  he  be  at  no  great  distance 
from  the  horizon,  the  image  will  appear  circu- 
lar, or  nearly  so ;  but  in  either  case  the  spots 
will  be  distinctly  depicted,  provided  the  focus 
of  the  telescope  be  accurately  adjusted.  In 
this  exhibition,  the  apparent  motion  of  the 
sun  produced  by  the  rotation  of  the  earth,  and 
the  passage  of  thin  fleeces  of  clouds  across  the 
solar  disk,  exhibit  a  very  pleasing  appearance. 
By  this  mode  of  viewing  the  solar  spots  we 
may  easily  ascertain  their  diameter  and  mag- 
nitude, at  least  to  a  near  approximation.  We 
have  only  to  take  a  scale  of  inches,  and  mea- 
sure the  diameter  of  any  well-defined  and 
remarkable  spot,  and  then  the  diameter  of  the 
solar  image ;  and,  comparing  the  one  with  the 
other,  we  can  ascertain  the  number  of  miles, 
either  lineal  or  square,  comprehended  in  the 
dimensions  of  the  spot.  For  example,  sup- 
pose a  spot  to  measure  half  an  inch  in  dia- 
meter, and  the  whole  image  of  the  sun  25 
inches,  the  proportion  between  the  diameter 
of  the  spot  and  that  of  the  sun  will  be  as  1 
to  50 ;  in  other  words,  the  one-fiftieth  part  of 
the  sun's  diameter.  Now  this  diameter  being 
880,000  miles,  this  number,  divided  by  50, 
produces  a  quotient  of  17,600=the  number 
of  miles  which  its  diameter  measures.  Such 
a  spot  will  therefore  contain  an  area  of  243,- 
285,504,  or  more  than  two  hundred  and  forty- 
three  millions  of  square  miles,  which  is  46 
millions  of  miles  more  than  the  whole  super- 
ficies of  the  terraqueous  globe.  Again,  sup- 
pose the  diameter  of  a  spot  measures  T3ffths 
of  an  inch,  and  the  solar  image  23  inches,  the 
proportion  of  the  diameter  of  the  spot  to  that 
of  the  sun  is  as  3  to  230=the  number  of 
tenths  in  23  inches.  The  number  of  miles 
in  the  spot's  diameter  will  therefore  be  found 
by  the  following  proportion  :  230  :  880,000 : : 
3:  11,478;  that  is,  the  diameter  of  such  a 
spot  measures  eleven  thousand  four  hundred 
tnd  seventy-eight  miles.  Spots  of  such  sizes 
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are  not  unfrequently  seen  to  transit  the  sola. 
disk. 

By  this  mode  of  viewing  the  image  of  the 
sun,  his  spots  may  be  exhibited  to  twenty  or 
thirty  individuals  at  once  without  the  least 
straining  or  injury  to  the  eyes;  and  as  no 
separate  screen  is  requisite,  and  as  the  ceil- 
ings of  rooms  are  generally  white,  the  experi- 
ment may  be  performed  in  half  a  minute 
without  any  previous  preparation  except 
screwing  on  and  adjusting  the  eyepiece.  The 
manner  of  exhibiting  the  solar  spots  in  this 
way  is  represented  in  fig.  82. 

Fig.  82. 


5.  On  the  Space-penetrating  Power  of 
Telescopes. — The  power  of  telescopes  to  pe- 
netrate into  the  profundity  of  space  is  the 
result  of  the  quantity  of  light  they  collect  and 
send  to  the  eye  in  a  state  fit  for  vision.  This 
property  of  telescopes  is  sometimes  designated 
by  the  expression  Illuminating  Power. 

Sir  W.  Herschel  appears  to  have  been  the 
first  who  made  a  distinction  between  the 
magnifying  power  and  the  space-penetrating 
power  of  a  telescope ;  and  there  are  many 
examples  which  prove  that  such  a  distinction 
ought  to  be  made,  especially  in  the  case  of 
large  instruments.  For  example,  the  small 
star,  or  speck  of  light,  which  accompanies  the 
pole  star,  may  be  seen  through  a  telescope  of 
large  aperture  with  a  smaller  magnifying 
power  than  with  a  telescope  of  a  small  aper- 
ture furnished  with  a  much  higher  power. 
If  the  magnifying  power  is  sufficient  to  show 
the  small  star  completely  separated  from  the 
rays  which  surround  the  large  one,  this  is  suf- 
ficient in  one  point  of  view ;  but,  in  order  that 
this  effect  may  be  produced,  so  as  to  render 
the  small  star  perfectly  distinguishable,  a  cer- 
tain quantity  of  light  must  be  admitted  into 
the  pupil  of  the  eye,  which  quantity  depends 
upon  the  area  of  the  object-glass  or  speculum 
of  the  instrument,  or,  in  other  words,  on  the 
illuminating  power.  If  we  compare  a  tele* 
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•cope  of  2$th  inches  aperture  with  one  of  five 
inches  aperture,  when  the  magnifying  power 
of  each  does  not  exceed  50  times  for  terres- 
trial objects,  the  effect  of  illuminating  power 
is  not  so  evident ;  but  if  we  use  a  power  of 
100  for  day  objects,  and  180  for  the  heavenly 
bodies,  the  effects  of  illuminating  power  is  so 
clearly  perceptible,  that  objects  not  only  ap- 
pear brighter  and  more  clearly  visible  in  the 
larger  telescope,  but  with  the  same  magnify- 
ing power  they  also  appear  larger,  particu- 
larly when  the  satellites  of  Jupiter  and  small 
stars  are  the  objects  we  are  viewing. 

Sir  W.  Herschel  remarks,  that  "  objects 
are  viewed  in  their  greatest  perfection  when, 
in  penetrating  space,  the  magnifying  power 
is  so  low  as  only  to  be  sufficient  to  show  the 
object  well,  and  when,  in  magnifying  objects, 
by  way  of  examining  them  minutely,  the 
space-penetrating  power  is  no  higher  than 
what  will  suffice  for  the  purpose ;  for  in  the 
use  of  either  power,  the  injudicious  overcharge 
of  the  other  will  prove  hurtful  to  vision." 
When  illuminating  power  is  in  too  high  a 
degree,  the  eye  is  offended  by  the  extreme 
brightness  of  the  object ;  when  it  is  in  too  low 
a  degree,  the  eye  is  distressed  by  its  endea- 
vours to  see  what  is  beyond  its  reach;  and 
therefore  it  is  desirable,  when  we  wish  to  give 
the  eye  all  the  assistance  possible,  to  have 
the  illuminating  and  the  magnifying  powers 
in  due  proportion.  What  this  proportion  is, 
depends,  in  a  certain  degree,  upon  the  bright- 
ness of  the  object.  In  proportion  to  its 
brightness  or  luminosity,  the  magnifying 
power  may,  to  a  certain  extent,  be  increased. 
Sir  W.  Herschel  remarks,  in  reference  to 
a  Lyra,  "This  star,  I  surmise,  has  light 
enough  to  bear  being  magnified  at  least  a 
hundred  thousand  times,  with  no  more  than 
six  inches  of  aperture."  However  beautifully 
perfect  any  telescopes  may  appear,  and  how- 
ever sharp  their  defining  power,  their  per- 
formance is  limited  by  their  illuminating 
powers,  which  are  as  the  squares  of  the  diam- 
eters of  the  apertures  of  the  respective  instru- 
ments. Thus  a  telescope  whose  object-glass 
is  four  inches  diameter  will  have  four  times 
the  quantity  of  light,  or  illuminating  power, 
possessed  by  a  telescope  whose  aperture  is 
only  two  inches,  or  in  the  proportion  of  16  to 
4;  the  square  of  4  being  16,  and  the  square 
of  2  being  4. 

The  nature  of  the  space-penetrating  power 
to  which  we  are  adverting,  and  the  distinction 
between  it  and  magnifying  power,  may  be 
illustrated  from  a  few  examples  taken  from 
Sir  W.  Herschel's  observations. 

The  first  observation  which  I  shall  notice 
refers  to  the  nebula  between  q  and  £  Ophi- 
uchi,  discovered  by  Messier  in  1764.  The 
observation  was  made  with  a  ten-feet  reflector, 


having  a  magnifying  power  of  250,  and  a 
space-penetrating  power  of  28.67.  His  note 
is  dated  May  3,  1783.  "I  see  several  stars 
in  it,  and  make  no  doubt  a  higher  power  and 
more  light  will  resolve  it  all  into  stars.  This 
seems  to  me  a  good  nebula  for  the  purpose 
of  establishing  the  connexion  between  nebulae 
and  clusters  of  stars  in  general."  "June  18, 
1784.  The  same  nebula  viewed  with  a  New- 
tonian twenty-feet  reflector ;  penetrating  power 
61,  and  a  magnifying  power  of  157;  a  very 
large  and  a  very  bright  cluster  of  excessively 
compressed  stars.  The  stars  are  but  just 
visible,  and  are  of  unequal  magnitudes.  The 
large  stars  are  red ;  the  cluster  is  a  miniature 
of  that  near  Flamstead's  forty-second  Comse 
Berenices.  Right  ascension,  17h  6m  32'. 
Polar  distance,  108°  18"."  In  this  case, 
a  penetrating  power  of  about  28,  with  a 
magnifying  power  of  250,  barely  showed  a 
few  stars;  while  in  the  second  instrument 
the  illuminating  power  of  60,  with  the  mag- 
nifying power  of  only  157,  showed  them  com- 
pletely. 

Subsequently  to  the  date  of  the  latter  ob- 
servation, the  twenty-feet  Newtonian  telescope 
was  converted  into  an  Herschelian  instrument 
by  taking  away  the  small  speculum,  and 
giving  the  large  one  the  proper  inclination  for 
obtaining  the  front  view ;  by  which  alteration 
the  illuminating  power  was  increased  from  61 
to  75,  and  the  advantage  derived  from  the 
alteration  was  evident  in  the  discovery  of  the 
satellites  of  Uranus  by  the  altered  telescope, 
which  before  was  incompetent  in  the  point  of 
penetration,  or  illuminating  power.  "  March 
14,  1798,  I  viewed  the  Georgian  planet  (or 
Uranus)  with  a  new  twenty-five-feet  reflector. 
Its  penetrating  power  is  95.85,  and  having 
just  before  also  viewed  it  with  my  twenty- 
feet  instrument,  I  found  that  with  an  equal 
magnifying  power  of  300,  the  twenty-five-feet 
telescope  had  considerably  the  advantage  of 
the  former."  The  aperture  of  the  twenty- 
feet  instrument  was  18.8  inches,  and  that  of 
the  twenty-five-feet  telescope  24  inches,  so 
that  the  superior  effect  of  the  latter  instrument 
must  have  been  owing  to  its  greater  illumi- 
nating power.  The  following  observations 
show  the  superior  power  of  the  forty-feet  tele- 
scope, as  compared  with  the  twenty-feet. 
"Feb.  24,  1786,1  viewed  the  nebula  near 
Flamstead's  fifth  Serpentis  with  my  twenty- 
feet  reflector,  magnifying  power  157.  The 
most  beautiful,  extremely  compressed  cluster 
of  small  stars,  the  greatest  part  of  them  ga- 
thered together  into  one  brilliant  nucleus, 
evidently  consisting  of  stars,  surrounded  with 
many  detached  gathering  stars  of  the  same 
size  and  colour.  R.  A.,  15"  7«  12%  P.  D., 
87°  8"."  "  May  27,  1 79 1, 1  viewed  the  same 
object  with  my  forty-feet  telescope,  penetrat- 
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ing  power  191.69,  magnifying  power  370.  er  is  expressed,  and  the  general  grounds  on 
A  beautiful  cluster  of  stars.  I  counted  about  which  they  rest,  the  following  statements 
200  of  them.  The  middle  of  it  is  so  coin-  may  be  made.  The  depth  to  which  the 
pressed  that  it  is  impossible  to  distinguish  the  naked  eye  can  penetrate  into  the  spaces  of  the 
stars."  "Nov.  5,  1791,  I  viewed  Saturn  heavens  is  considered  as  extending  to  the 
with  the  twenty  and  forty  feet  telescopes :  twelfth  order  of  distances ;  in  other  words,  it 
Twenty  feet. — The  fifth  satellite  of  Saturn  is  can  perceive  a  star  at  a  distance  twelve  times 
very  small.  The  first,  second,  third,  fourth,  further  than  those  luminaries,  such  as  Sirius, 
and  fifth,  and  the  new  sixth  satellites,  are  in  Arcturus,  or  Capella,  which,  from  their  vivid 
their  calculated  places.  Forty  feet. — I  see  light,  we  presume  to  be  nearest  to  us.  It  has 
the  new  sixth  satellite  much  better  with  this  been  stated  above  that  Herschel  calculated  his 
instrument  than  with  the  twenty-feet.  The  ten-feet  telescope  to  have  a  space-penetrating 
fifth  is  also  much  larger  here  than  in  the  power  of  28.67,  that  is,  it  could  enable  us  to 
twenty-feet,  in  which  it  was  nearly  the  same  descry  a  star  28  times  further  distant  than  the 
size  as  a  small  fixed  star,  but  here  it  is  con-  naked  eye  can  reach.  His  twenty-feet  New- 
siderably  larger  than  that  star."  tonian  was  considered  as  having  a  similar 

These  examples,  and   many  others   of  a    power  of  61;  his  25  feet,  nearly  96  ;   and  his 
similar*kind,  explain  sufficiently  the   nature    forty-feet  instrument,  a  power  of  191.69.     If 
and  extent  of  that  species  of  power  that  one    each  of  these  numbers  be  multiplied  by  12,  the 
telescope  possesses   over   another,  in  conse-    product  will  indicate  how  much  further  these 
quence  of  its  enlarged  aperture  ;  but  the  exact    telescopes  will  penetrate  into  space  than  the 
quantity  of  this  power  is  in  some  degree  un-    nearest  range  of  the  fixed  stars,  such  as  thoso 
certain.     To  ascertain  practically  the  illumi-    of  the   first  magnitude.      For   instance,   the 
nating  power  of  telescopes,  we  must  try  them    penetrating  power  of  the  forty-feet  reflector 
with  equal  powers  on  such  objects  as  the  fol-    being  191.69,  this  number,  multiplied  by  12, 
lowing:  the  small  stars  near  the  pole  star,  and    gives  a  product  of  2300,  which  shows  that, 
near  Rigel  and  s  Bootis ;  the  division  in  the    were  there  a  series  of  two  thousand  three  hun- 
ring  of  Saturn  ;  and  distant  objects  in  the  twi-    dred  stars  extended  in  a  line  beyond  Sirius, 
light  or  towards  the  evening.     These  objects    Capella,  and  similar  stars,  each  star  separated 
are  distinctly  seen  with  a  five-feet  achromatic    from  the  one  beyond  it  by  a  space  equal  to 
of  3T*0-th  inches  aperture,  and  an  illuminating    the  distance  of  Sirius  from  the  earth,  they 
power  of  144,  while  they  are  scarcely  visible    might  be  all  seen  through  the  forty-feet  tele- 
in  a  3^  feet  with  an  aperture  of  2^th  inches,    scope.     In  short,  the  penetrating  power  of 
and  an  illuminating  power  of  72,  supposing    telescopes  is  a  circumstance  which  requires  to 
the  same  magnifying  power   to  be  applied,    be  particularly  attended  to  in  our  observations 
The  illuminating  power  of  a  telescope  is  best    of  celestial  phenomena,  and  in  many  cases  is 
estimated,  in  regard  to  land  objects,  when  it  is    of  more  importance  than  magnifying  power, 
tried  on  minute  objects,  and  such  as  are  badly    It  is  the  effect  produced  by  illuminating  power 
lighted  up ;  and  the  advantage  of  a  telescope    that  renders  telescopes,  furnished  with  com- 
with  a  large  aperture  will  be  most  obvious    paratively  small   magnifying   powers,   much 
when  it  is  compared  with  another  of  inferior    more  efficient  in  observing  comets,  and  certain 
size  in  the  close  of  the  evening,  when  looking    nebulse  and  clusters  of  stars,  than  when  high 
at  a  printed  bill  composed  of  letters  of  various    powers  are  attempted.     Every  telescope  may 
sizes.     As  darkness  comes  on,  the  use  of  illu-    be  so  adjusted  as  to  produce  different  space- 
minating  power  becomes  more  evident.     In  a    penetrating  powers.     If  we  wish  to  diminish 
five-feet  telescope  some  small  letters  will  be    such  a  power,  we  have  only  to  contract  the 
legible  which  are  hardly  discernible  in  the  3^    object-glass  or  speculum  by  placing  circular 
feet,  and  in  the  2^  feet  are  quite  undefinable,    rims,   or   apertures   of  different    degrees   of 
though  the  magnifying  powers  be  equal.     Sir    breadth,  across  the  mouth  of  the  great  tube 
W.  Herschel   informs  us  that,  in  the  year    of  the  instrument.     But  we  cannot  increase 
1776,  when   he  had  erected  a  telescope  of    this  illuminating  power  beyond  a  certain  ex- 
twenty  feet  focal  length  of  the  Newtonian    tent,  which  is  limited  by  the  diameter  of  the 
construction,  one  of  its  effects  by  trial  was,    object-glass.      When   we   wish   illuminating 
that  when,  towards  evening,  on  account  of    power  beyond  this  limit,  we  must  be  furnished 
darkness,  the  natural  eye  could  not  penetrate    with  an  object-glass  or  speculum  of  a  larger 
far  into  space,  the   telescope  possessed   that    size ;  and  hence  the  rapid  advance  in  price  of 
power  sufficiently  to  show,  by  the  dial  of  a    instruments  which  have  large  apertures,  and 
distant   church  steeple,  what  o'clock  it  was,    consequently  high  illuminating  powers.     Mr. 
notwithstanding  the  naked  eye  could  no  longer    Tulley's  3£  feet  achromatics  of  2|th  inches 
see  the  steeple  itself.  aperture  sell  at  £26  5s. ;  when  the  aperture 

In  order  to  convey  an  idea  of  the  numbers    is  3jth  inches,  the  price  is  £42 ;  when  3|th 
by  which  the  degree  of  space-penetrating  pow-   inches,  £68  5s.      The  following  table  con- 
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tains  a  statement  of  the  "comparative  lengths,    achromatic  refractors   and  Gregorian   reflec- 
apertures,  illuminating  powers,  and  prices  of    tors,"  according  to  Dr.  Kitchener: 


ACHROMATIC    REFRACTORS. 

I 

GREGORIAJV,  ETC.,  REFLECTORS. 

Len^'h  and  name  they 
are  known  by. 

Diameter  of 
aperUre. 

illuminating 
power. 

Price. 

Length  and  name  they 
are  known  bv 

Diameter   of 
aperture. 

Illuminating 
power. 

Price. 

Fret. 

In.     Th. 

L.     *. 

Feet. 

la.      1  h. 

L             9 

2 

1.     6 

25 

4    4 

2.     5 

62 

1      7 

2J 

2 

40 

12  12 

it 

3 

90 

12     12 

.     _ 

~T 

21  to 

2 

4.    5 

202 

20 

3? 

2.    7 

72 

42 

3 

5.    5 

302 

50 

105  to 

4 

7 

490 

105 

5 

3.    8 

144 

150 

7  Newtonian 

7 

490 

126 

7 

5 

250 

250 

5  Gregorian 

9 

810 

200 

7 

6 

360 

360 

10  Newtonian 

10 

1000 

315 

The  illuminating  powers  stated  in  the  above 
table  are  only  comparative.  Fixing  on  the 
number  25  as  the  illuminating  power  of  a 
two-feet  telescope,  l^jths  of  an  inch  aperture, 
that  of  a  2^  feet,  two  inches  aperture,  will  be 
40;  of  a  five-feet,  3T8ffth  inches  aperture,  144, 
&c.  If  the  illuminating  power  of  a  Gregorian 
1J  foot,  and  three  inches  aperture,  be  90,  a 
five-feet,  with  nine  inches  aperture,  will  be 
810,  &c. 

6.  On  choosing  Telescopes,  and  ascertain- 
ing their  Properties. — It  is  an  object  of  con- 
siderable importance  to  every  astronomical 
observer  that  he  should  be  enabled  to  form  a 
judgment  of  the  qualities  of  his  telescope,  and 
of  any  instruments  of  this  description  which 
he  may  intend  to  purchase.  The  following 
directions  may  perhaps  be  useful  to  the  reader 
in  directing  him  in  the  choice  of  an  achroma- 
tic refracting  telescope : 

Supposing  that  an  achromatic  telescope  of 
3£  feet  focal  length  and  3^th  inches  aperture 
were  offered  for  sale,  and  that  it  were  required 
to  ascertain  whether  the  object-glass,  on  which 
its  excellence  chiefly  depends,  is  a  good  one, 
and  duly  adjusted,  some  opinion  may  be 
formed  by  laying  the  tube  of  the  telescope  in 
a  horizontal  position,  on  a  firm  support,  about 
the  height  of  the  eye,  and  by  placing  a  printed 
card  or  a  watch-glass  vertically,  but  in  an  in- 
verted position,  against  some  wall  or  pillar  at 
40  or  50  yards  distant,  so  as  to  be  exposed  to 
a  clear  sky.  When  the  telescope  is  directed 
to  this  object,  and  accurately  adjusted  to  the 
eye,  should  the  letters  on  the  card,  or  the 
strokes  and  dots  on  the  watch-glass,  appear 
clearly  and  sharply  defined,  without  any  mis- 
tiness or  coloration,  and  if  very  small  spots 
appear  well  defined,  great  hopes  may  be 
entertained  that  the  glass  will  turn  out  a  good 
one.  But  a  telescope  may  appear  a  good  one, 
when  viewing  common  terrestrial  objects,  to 
eyes  unaccustomed  to  discriminate  deviations 
from  perfect  vision,  while  it  may  turn  out  to 
be  an  indifferent  one  when  directed  to  certain 
celestial  objects.  Instead,  therefore,  of  a 
printed  card,  fix  a  black  board,  or  one  half  of 
108 


a  sheet  of  black  paper,  in  a  vertical  position  at 
the  same  distance,  and  a  circular  disk  of  white 
writing  paper,  about  one-fourth  of  an  inch  in 
diameter,  on  the  centre  of  the  black  ground ; 
then,  having  directed  the  telescope  to  this  ob- 
ject, and  adjusted  for  the  place  of  distinct 
vision,  mark  with  a  black-lead  pencil  the 
sliding  eyetube  at  the  end  of  the  main  tube,  so 
that  this  position  can  always  be  known  ;  and 
if  this  sliding  tube  be  gradually  drawn  out  or 
pushed  in  while  the  eye  beholds  the  disk,  it 
will  gradually  enlarge  and  lose  its  colour  till 
its  edges  cease  to  be  well  defined.  Now  if 
the  enlarged  misty  circle  is  observed  to  be  con- 
centric with  the  disk  itself,  the  object-glass  is 
properly  centred,  as  it  has  reference  to  the 
tube  ;  but  if  the  misty  circle  goes  to  one  side 
of  the  disk,  the  cell  of  the  object  glass  is  not  at 
right  angles  to  the  tube,  and  must  have  its 
screws  removed  and  its  holes  elongated  by  a 
rat-tailed  file  small  enough  to  enter  the  holes. 
When  this  has  been  done,  the  cell  may  be  re- 
placed, and  the  disk  examined  a  second  time, 
and  a  slight  stroke  on  one  edge  of  the  cell  by 
a  wooden  mallet  will  show  by  the  alteration 
made  in  the  position  of  the  misty  portion  of 
the  disk  how  the  adjustment  is  to  be  effected, 
which  is  known  to  be  right  when  a  motion  in 
the  sliding  tube  will  make  the  diluted  disk 
enlarge  in  a  circle  concentric  with  the  disk 
itself.  When  the  disk  will  enlarge  so  as  to 
make  a  ring  of  diluted  white  light  round  its 
circumference  as  the  sliding  tube  holding  the 
eyepiece  is  pushed  in  or  drawn  out,  the  cell 
may  be  finally  fixed  by  the  screws  passing 
through  its  elongated  holes. 

When  the  object-glass  is  thus  adjusted,  it 
may  then  be  ascertained  whether  the  curves 
of  the  respective  lenses  composing  the  object- 
glass  are  well  formed,  and  suitable  for  each 
other.  If  a  small  motion  of  the  sliding  tube 
of  about  T'^th  of  an  inch  in  a  3$  feet  telescope 
from  the  point  of  distinct  vision  will  dilute  the 
light  of  the  disk  and  render  the  appearance 
confused,  the  figure  of  the  object-glass  is  good, 
particularly  if  the  same  effect  will  take  place 
at  equal  distances  from  the  point  of  distinct 
4  c  2  (857) 
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•vision  when  the  tube  is  alternately  drawn  out 
and  pushed  in.  A  telescope  that  will  admit 
of  much  motion  in  the  sliding  tube  without 
sensibly  affecting  the  distinctness  of  vision 
will  not  define  an  object  well  at  any  point  of 
adjustment,  and  must  be  considered  as  having 
an  imperfect  object-glass,  inasmuch  as  the 
spherical  aberration  of  the  transmitted  rays  is 
not  duly  corrected.  The  due  adjustment  of 
the  convex  lens  or  lenses  to  the  cancave  one 
will  be  judged  of  by  the  absence  of  coloration 
round  the  enlarged  disk,  and  is  a  property 
distinct  from  the  spherical  aberration ;  the 
achromatism  depending  on  the  relative  focal 
distances  of  the  convex  and  concave  lenses  is 
regulated  by  the  relative  dispersive  powers  of 
the  pieces  of  glass  made  use  of,  but  the  dis- 
tinctness of  vision  depends  on  a  good  figure 
of  the  computed  curves  that  limit  the  focal 
distances.  When  an  object-glass  is  free  from 
imperfection  in  both  these  respects,  it  may  be 
called  a  good  glass  for  terrestrial  purposes. 

It  still,  however,  remains  to  be  determined 
how  far  such  an  object-glass  may  be  good  for 
viewing  a  star  or  a  planet,  and  can  only  be 
known  by  actual  observations  on  the  heavenly 
bodies.  When  a  good  telescope  is  directed 
to  the  moon  or  to  Jupiter,  the  achromatism 
may  be  judged  of  by  alternately  pushing  in 
and  drawing  out  the  eyepiece  from  the  place 
of  distinct  vision.  In  the  former  case,  a  ring 
of  purple  will  be  formed  round  the  edge  ;  arid 
in  the  latter,  a  ring  of  light  green,  which  is 
the  central  colour  of  the  prismatic  spectrum ; 
for  these  appearances  show  that  the  extreme 
colours,  red  and  violet,  are  corrected.  Again, 
if  one  part  of  a  lens  employed  have  a  different 
refractive  power  from  another  part  of  it,  that 
is,  if  the  flint-glass  particularly  is  not  homo- 
geneous, a  star  of  the  first  and  even  of  the 
second  magnitude  will  point  out  the  natural 
defect  by  the  exhibition  of  an  irradiation,  or 
what  is  called  a  wing,  at  one  side,  which  no 
perfection  of  figure  or  of  adjustment  will 
banish,  and  the  greater  the  aperture,  the  more 
liable  is  the  evil  to  happen  :  hence  caps  with 
different  apertures  are  usually  supplied  with 
large  telescopes,  that  the  extreme  parts  of  the 
glass  may  be  cut  off  in  observations  requiring 
a  round  and  well-defined  image  of  the  body 
observed. 

Another  method  of  determining  the  figure 
and  quality  of  an  object-glass  is  by  first  cover- 
ing its  centre  by  a  circular  piece  of  paper,  as 
much  as  one  half  of  its  diameter,  and  adjusting 
it  for  distinct  vision  of  a  given  object,  such  as 
the  disk  above  mentioned,  when  the  central 
rays  are  intercepted,  and  then  trying  if  the 
focal  length  remains  unaltered  when  the  paper 
is  taken  away  and  an  aperture  of  the  same 
size  applied,  so  that  the  extreme  rays  may  in 
their  turn  be  cut  off.  If  the  vision  remains 
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equally  distinct  in  both  cases,  without  any 
new  adjustment  for  focal  distance,  the  figure 
is  good,  and  the  spherical  aberration  cured, 
and  it  may  be  seen  by  viewing  a  star  of  the 
first  magnitude  successively  in  both  cases, 
whether  the  irradiation  is  produced  more  by 
the  extreme  or  by  the  central  parts  of  the  glass ; 
or,  in  case  the  one  half  be  faulty  and  the  other 
good,  a  semicircular  aperture,  by  being  turned 
gradually  round  in  trial,  will  detect  what 
semicircle  contains  the  defective  portion  of  the 
glass ;  and  if  such  portion  should  be  covered,  the 
only  inconvenience  that  would  ensue  would 
be  the  loss  of  so  much  light  as  is  thus  excluded. 
When  an  object-glass  produces  radiations  in 
a  large  star,  it  is  unfit  for  the  nicer  observa- 
tions of  astronomy,  such  as  viewing  double 
stars  of  the  first  class.  The  smaller  a  large 
star  appears  in  any  telescope,  the  better  is  the 
figure,  of  the  object-glass ;  but  if  the  image 
of  the  star  be  free  from  wings,  the  size  of 
its  disk  is  not  an  objection  in  practical  ob- 
servations.* 

Some  opticians  are  in  the  habit  of  inserting 
a  diaphragm  into  the  body  of  the  large  tube, 
to  cut  off  the  extreme  rays  coming  from  the 
object-glass  when  the  figure  is  not  good,  in- 
stead of  lessening  the  aperture  by  a  cap. 
When  this  is  the  case,  a  deficiency  of  light 
will  be  the  consequence  beyond  what  the  ap« 
parent  aperture  warrants.  It  is  therefore  pro- 
per to  examine  that  the  diaphragm  be  not 
placed  too  near  the  object-glass,  so  as  to  in- 
tercept any  of  the  useful  rays.  Sometimes  a 
portion  of  the  object-glass  is  cut  off  by  the 
stop  in  the  eyetube.  To  ascertain  this,  adjust 
the  telescope  to  distinct  vision,  then  take  out 
the  eyeglasses,  and  put  your  finger  on  some 
other  object  on  the  edge  of  the  outside  of  the 
object-glass,  and  look  down  the  tube  ;  if  you 
can  see  the  top  of  your  finger,  or  any  object 
in  its  place,  just  peeping  over  the  edge  of  the 
object-glass,  no  part  is  cut  off.  I  once  had  a 
3^  feet  telescope  whose  object-glass  measured 
three  inches  in  diameter,  which  was  neither 
so  bright,  nor  did  it  perform  in  other  respects 
nearly  so  well  as  another  of  the  same  length 
whose  object-glass  was  only  2|th  inches  in 
diameter ;  but  I  found  that  a  diaphragm  was 
placed  about  a  foot  within  the  end  of  the  large 
tube,  which  reduced  the  aperture  of  the  ob- 
ject-glass to  less  than  2^  inches,  and  when  it 
was  removed  the  telescope  was  less  distinct 
than  before.  The  powers  given  along  with 
this  instrument  were  much  lower  than  usual, 
none  of  them  exceeding  100  times.  This  is 
a  trick  not  uncommon  with  some  opticians. 

Dr.  Pearson  mentions  that  an  old  Dollond'a 
telescope  of  63  inches  focal  length  and  3|th 

*The  above  directions  and  remarks  are  abridged 
with  some  alterations  from  Dr.  Pearson's  "  Intro 
duction  to  Practical  Astronomy,"  vol.  ii. 
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inches  aperture,  supposed  to  be  an  excellent 
one,  was  brought  to  Mr.  Tulley  when  he  was 
present,  and  the  result  of  the  examination  was 
that  its  achromatism  was  not  perfect.  The 
imperfection  was  thus  determined  by  experi- 
ment. A  small  glass  globe  was  placed  at  forty 
yards'  distance  from  the  object-end  of  the  tele- 
scope when  the  sun  was  shining,  and  the 
speck  of  light  seen  reflected  from  this  globe 
formed  a  good  substitute  for  a  large  star,  as 
an  object  to  be  viewed.  When  the  focal 
length  of  the  object-glass  was  adjusted  to  this 
luminous  object,  no  judgment  could  be  formed 
of  its  prismatic  aberrations  till  the  eyepiece 
had  been  pushed  in  beyond  the  place  of  cor- 
rect vision ;  but  when  the  telescope  was 
shortened  a  little,  the  luminous  disk  occa- 
sioned by  such  shortening  was  strongly  tinged 
with  red  rays  at  its  circumference.  On  the 
contrary,  when  the  eyepiece  was  drawn  out 
so  as  to  lengthen  the  telescope  too  much,  the 
disk  thus  produced  was  tinged  with  a  small 
circle  of  red  at  its  centre,  thereby  denoting 
that  the  convex  lens  had  too  short  a  focal 
length ;  and  Mr.  Tulley  observed,  that  if  one 
or  both  of  the  curves  of  the  convex  lens  were 
flattened  till  the  total  focal  length  should  be 
about  four  inches  increased,  it  would  render 
the  telescope  quite  achromatic,  provided  in 
doing  this  the  aberration  should  not  be  in- 
creased. 

The  following  general  remarks  may  be  ad- 
ded :  1.  To  make  any  thing  like  an  accurate 
comparison  of  telescopes,  they  must  be  tried 
not  only  at  the  same  place,  but  as  nearly  as 
possible  at  the  same  time,  and,  if  the  instru- 
ments are  of  the  same  length  and  construc- 
tion, if  possible,  with  the  same  eyepiece.  2. 
A  difference  of  eight  or  ten  times  in  the  mag- 
nifying power  will  sometimes,  on  certain  ob- 
jects, give  quite  a  different  character  to  a 
telescope.  It  has  been  found  by  various  ex- 
periments that  object-glasses  of  two  or  three 
inches  longer  focus  will  produce  different 
vision  with  the  same  eyepiece.  3.  Care  must 
be  taken  to  ascertain  that  the  eyeglasses  are 
perfectly  clean  and  free  from  defects.  The 
defects  of  glass  are  either  from  veins,  specks, 
scratches,  colour,  or  an  incorrect  figure.  To 
discover  veins  in  an  eye  or  an  object-glass, 
place  a  candle  at  the  distance  of  four  or  five 
yards  ;  then  look  through  the  glass,  and  move 
it  from  your  eye  till  it  appear  full  of  light ; 
you  will  then  see  every  vein,  or  other  imper- 
fection in  it,  which  may  distort  the  objects 
and  render  vision  imperfect.  Specks  or 
scratches,  especially  in  object-glasses,  are  not 
so  injurious  as  veins,  for  they  do  not  distort 
the  object,  but  only  intercept  a  portion  of  the 
light  4.  We  cannot  judge  accurately  of  the 
excellence  of  any  telescope  by  observing  ob- 
jects with  which  we  are  not  familiarly  ac- 


quainted. Opticians  generally  try  an  instru- 
ment at  their  own  marks,  such  as  the  dial- 
plate  of  a  watch,  a  finely-engraved  card,  a 
weathercock,  or  the  moon  and  the  planet 
Jupiter,  when  near  the  meridian.  Of  several 
telescopes  of  the  same  length,  aperture,  and 
magnifying  power,  that  one  is  generally  con- 
sidered the  best  with  which  we  can  read  a 
given  print  at  the  greatest  distance,  especially 
if  the  print  consists  of  figures,  such  as  a  table 
of  logarithms,  where  the  eye  is  not  apt  to  be 
deceived  by  the  imagination  in  guessing  at 
the  sense  of  a  passage  when  two  or  three 
words  are  distinguished. 

There  is  a  circumstance  which  I  have  fre- 
quently noticed  in  reference  to  achromatic 
telescopes,  particularly  those  of  a  small  size, 
and  which  I  have  never  seen  noticed  by  any 
optical  writer.  It  is  this:  if  the  telescope, 
when  we  are  viewing  objects,  be  gradually 
turned  round  its  axis,  there  is  a  certain  posi- 
tion in  which  the  objects  will  appear  distinct 
and  accurately  defined ;  and  if  it  be  turned 
round  exactly  a  semicircle  horn  this  point, 
the  same  degree  of  distinctness  is  perceived, 
but  in  all  other  positions  there  is  an  evident 
want  of  clearness  and  defining  power.  This 
I  find  to  be  the  case  in  more  than  ten  one- 
foot  and  two-feet  telescopes  now  in  my  pos- 
session, and  therefore  I  have  put  marks  upon 
the  object-end  of  each  of  them  to  indicate  the 
positions  in  which  they  should  be  used  for 
distinct  observation.  This  is  a  circumstance 
which  requires,  in  many  cases,  to  be  attended 
to  in  the  choice  and  the  use  of  telescopical 
instruments,  and  in  fixing  and  adjusting  them 
on  their  pedestals.  In  some  telescopes  this 
defect  is  very  striking,  but  it  is  in  some  mea- 
sure perceptible  in  the  great  majority  of  instru- 
ments which  I  have  had  occasion  to  inspect. 
Even  in  large  and  expensive  achromatic  tele- 
scopes this  defect  is  sometimes  observable.  I 
have  an  achromatic  whose  object  glass  is  4T'ffth 
inches  diameter,  which  was  much  improved 
in  its  defining  power  by  being  unscrewed  from 
its  original  position,  or  turned  round  its  axis 
about  one-eighth  part  of  its  circumference. 
This  defect  is  best  detected  by  looking  at  a 
large  printed  bill,  or  a  signpost  at  a  distance, 
when  on  turning  round  the  telescope  or  object- 
glass,  the  letters  will  appear  much  better  de- 
fined in  one  position  than  in  another.  The 
position  in  which  the  object  appears  least 
distinct  is  when  the  upper  part  of  the  tele- 
scope is  a  quadrant  of  a  circle  different  from 
the  two  positions  above  stated,  or  at  an  equal 
distance  from  each  of  them. 

7.  On  the  mode  of  determining  the  mag- 
nifying  Power  of  Telescopes. — In  regard  to 
refracting  telescopes,  we  have  already  shown 
that,  when  a  single  eyeglass  is  used,  the  mag- 
nifying power  may  be  found  by  dividing  the 
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focal  distance  of  the  object-glass  by  that  of  cover ;  then  count  the  courses  of  bricks  in 
the  eyeglass ;  but  when  a  Huygenian  eye-  that  extent  and  it  will  give  the  magnifying 
piece,  or  a  four-glass  terrestrial  eyepiece,  such  power  of  the  telescope.  It  is  to  be  observed, 
as  is  now  common  in  achromatic  telescopes,  however,  that  the  magnifying  power  deter- 
mined in  this  way  will  be  a  fraction 


greater 

than  for  very  distant  objects,  as  the  focal  dis- 
tance of  the  telescope  is  necessarily  lengthened 
in  order  to  obtain  distinct  vision  of  near  objects. 
In  comparing  the  magnifying  powers  of 
two  telescopes,  or  of  the  same  telescope  when 
different  magnifying  powers  are  employed,  I 


is  used,  the  magnifying  power  cannot  be  as- 
certained in  this  manner ;  and  in  some  of  the 
delicate  observations  of  practical  astronomy, 
it  is  of  the  utmost  importance  to  know  the 
exact  magnifying  power  of  the  instrument 
with  which  the  observations  are  made,  particu- 
larly when  micrometrical  measurements  are 
employed  to  obtain  the  desired  results.  The  generally  use  the  following  simple  method, 
following  is  a  general  method  of  finding  the  The  telescopes  are  placed  at  eight  or  ten  feet 
magnifying  powers  of  telescopes  when  the  distant  from  a  window,  with  their  eye-ends 
instrument  called  a  dyhametcr  is  not  employed,  parallel  to  each  other,  or  at  the  same  distance 
and  it  answers  for  refracting  and  reflecting  tele-  from  the  window.  Looking  at  a  distant  ob- 
scopes  of  every  description.  ject,  I  fix  upon  a  portion  of  it  whose  magni- 
Having  put  up  a  small  circle  of  paper  an  fied  image  will  appear  to  fill  exactly  two  cl- 
inch or  two  in  diameter  at  the  distance  of  three  panes  of  the  window ;  then,  putting  on 
about  'IsOO  yards,  draw  upon  a  card  two  black  a  different  power,  or  looking  through  another 
paraflel  lines,  whose  distance  from  each  otherr  telescope,  I  observe  the  same  object,  and  mark 
is  6q,ual  to -the  diameter  of  the  paper  circle!;*  ex&cttythe  extent  of  its  image  on  the  window- 
•ifjeri  vie'^v*  through  the  telescope  the  paper  pan^s,.and  compare  the  extent  of  the  one  image 
•ctrele  with -one  eye,  and  the  parallel  lines  with. ..wijttvtli^other.  Suppose,  for  example,  that  the 
the  other.,  and  let  the  parallel  lines;  be*  moved'  one  telescope  has  been  previously  found  to  mag- 
nearer  to  or  further  frorii  the  eye,  till  they  nify  ninety  times,  and  that 'the  image  of  the 
seem  exactly  to  cover  the"  small  circle  viewed  object  fixed  upon  exactly  fills  three  panes  of 
through  the  telescope ;  the  quotient  obtained  the  window,  and  that  with  the  other  power  or 
by  dividing  the  distance  of  the  paper  circle  by  the  other  telescope  the  image  fills  exactly  two 
the  distance  of  the  parallel  lines  from  the  eye  panes,  then  the  magnifying  power  is  equal  to 
will  be  the  magnifying  power  of  the  telescope,  two-thirds  of  the  former,  or  sixty  times;  and 
It  requires  a  little  practice  before  this  experi-  were  it  to  fill  only  one  pane,  the  power  would 

*  ment  can  be  performed  with  accuracy.     The  be  about  thirty  times.   A  more  correct  method 
one  eye  must  be  accustomed  to  look  at  an  is  to  place  at  one  side  of  the  window  a  narrow 
object  near  at  hand,  while  the  other  is  looking  board  two  or  three  feet  long,  divided  into  fif- 
at  a  more  distant  object  through  the  telescope,  teen  or  twenty  equal  parts,  and  observe  how 
Both  eyes  must  be  open  at  the  same  time,  and  many  of  these  parts  appear  to  be  covered  by 
the  image  of  the  object  seen  through  the  tele-  the  respective  image  of  the  different  telescopes, 
scope  m us'/be  brought  into  apparent  contact  Suppose,  in  the  one  case,  ten  divisions  to  be 
with  the  real  object  near  at  hand.   But  a  little  covered  by  the  image  in  a  telescope  magnify- 
practice  will  soon  enable  any  observer  to  per-  ing  ninety  times,  and  that  the  image  of  the 
form  the  experiment  with  ease  and  correctness,  same  object  in  another  telescope  measures  six 
if  the  telescope  be  mounted  on  a  firm  stand,  divisions,  then  its  power  is  found  by  the  fol- 
and  its  elevation  or  depression  produced  by  lowing  proportion :  10  :  90  :  :  6  :  54  ;  that  is, 
rack-work.  ,  this  telescope  magnifies  54  times. 

The  following  is  another  method,  founded  Another  mode  which  I  have  used  for  deter- 
on  the  same  principle :  Measure  the  space  mining,  to  a  near  approximation,  the  powers 
occupied  by  a  number  of  the  courses,  or  rows  of  telescopes,  is  as  follows:  Endeavour  to  find 
of  bricks  in  a  modern  building,  which  upon  the  focus  of  a  single  lens  which  is  exactly 
an  average,  is  found  to  have  eight  courses  in  equivalent  to  the  magnifying  power  of  the 
two  feet,  so  that  each  course  or  row  is  three  eyepiece,  whether  the  Huygenian  or  the  corn- 
inches.  Then  cut  a  piece  of  paper  three  mon  terrestrial  eyepiece.  This  may  be  done 
inches  in  height,  and  of  the  length  of  a  brick,  by  taking  small  lens,  and  using  it  as  an  ob- 
which  is  about  nine  inches,  so  that  it  may  ject-glass  to  the  eyepiece.  Looking  through 
represent  a  brick,  and  fixing  the  paper  against  the  eyepiece  to  a  window  and  holding  the 
the  brick  wall,  place  the  telescope  to  be  ex-  lens  at  a  proper  distance,  observe  whether  the 
amined  at  the  distance  of  about  80  or  100  image  of  one  of  the  panes  exactly  coincides 
yards  from  it.  Now,  looking  through  the  with  the  pane  as  seen  by  the  naked  eye  ;  if 
telescope  at  the  paper  with  one  eye,  and  at  it  does,  then  the  magnifying  power  of  the 

•  the  same  time,  with  the  other  eye,  looking  eyepiece  is  equal  to  that  of  the  lens.     If  the 
past  the  telescope,  observe  what  extent  of  wall  lens  be  half  an  inch  in  focal  length,  the  cye- 
the  magnified  image  of  the  paper  appears  to  piece  will  produce  the  same  magnifying  power 
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lens  ^  ^  as  an 

the  telescope,  and  the  magnifying  power  43.5+42 

then  be  found  by  dividing  the  focal  distance    from  tue  telescope.     Thus,  -  —  -  —  U18 
of  the  Object-glass  by  that  of  the  eyeglass  ;  but    inches==  10L5  feet)  Or  33  yards  2£  feet. 
if  the  image  of  the  pane  of  glass  does  not        .pne  magnitying  power  of  a  telescope   is 
exactly  coincide  with  the  pane  as  seen  by  the    aiso  determined  by  measuring  the  image  which 
other  eye,  then  proportional   parts    may    be    tne  object-glass  or   the   large  speculum  of  a 
taken  by  observing  the  divisions  of  such  a    teiescopc  forms  at  its  solar  focus.     This  is  ac- 
board  as  described  above,  or  we  may  try  lens-s    compiished  by  means  of  an  instrument  called 
of  different  focal  distances.     Suppose,  for  ex-    ft  j)ynameter.     This  apparatus  consists  of  a 
ample,  that  a  lens  two  inches  focal  length  had    gtrip  Qf  mother-of-pearl,  marked  with   equal 
been  used,  and   that  the   image  of  a  pane    divisions,  from  the  yiffth  to  the  T^ffTFth  of  an 
covered  exactly  the  space  of  two  panes,  the    inch  apart)  according  to  the  accuracy  required. 
power  of  the  eyepiece  is  then  equal  to  that    Tnis  measure  is  attached  to  a  magnifying  lens 
of  a  single  lens  of  one  inch  focal  distance.        in  itg  focus>  jn  order  to  make  the  small  divi- 
The  following  is  another  mode  depending    gi{mg  more  apparent     When  the  power  of  a 
on  the  same  general  principle.     If  a  slip  of    teie5COpe  js  required,  the  person  must  measure 
writing-paper   one  inch  long,  or  a  disk  of  the    tne  clear  aperture  of  the  object-glass  ;  then, 
same  material  one  inch  in  diameter,  be  placed   holding  tjie  pearl  dynameter  next  the  eye- 
on  a  black  ground  at  from  30  to  50  yards     glagg)  let  him  observe  how  many  divisions  the 
distance  from  the  object-end  of  the  telescope,    gmall  cirde  of  ]ignt  occupies  when  the  instru- 
and  a  staff  painted  white,  and  divided  into    mcat  is  ducted  to  a  bright  object  ;  then,  by 
inches  and  parts  by   strong  black  lines,  be    dividing  the  diameter  of  the  object-glass  by 
placed  vertically  near  the  said  paper  or  disk,    thc  diameter  of  this  circle  of  light,  the  power 
the  eye  that  is  directed  through  the  telescope    will  be  obtained.f    The  most  accurate  instru- 
when  adjusted  for  vision  will  see  the  magni-    meut  of  tais  kmcj  "ls  the  Double  Image  Dy- 
fied  disk,  and  the  other  eye,  looking  along  the    namcier  invented  by  Ramsden,  and  another 
outside  of  the  telescope,  will  observe  the  num-    Qn  tne  game  principle  now  made  by  Dollond, 
ber  of  inches  and  parts  that  the  disk  projected    ft   particuiar   description   of  which   may   be 
on  it  will  just  cover,  and  as  many  inches  as    found  in  Dr>  Pearson's  "  Introduction  to  Prac- 
are  thus  covered  will  indicate  the  magnifying    tical  Astronomy."     The  advantage  attending 
power  of  the  telescope,  at   the  distance  for    thege  dynameters  is,  that  they  do  not  require 
which  it  is  adjusted  for  distinct  vision.     The    any  knowledge  of   the  thickness  and  focal 
solar  power,  or  powers  for  very  distant  objects,    }engtns  of  any  of  the  lenses  employed  in  a 
may  be  obtained  by  the  following  proportion  :    telescope,  nor  yet  of  their  number  and  rela- 
As  the  terrestrial  focal  length  at  the  given    tive  positiOns;  neither  does  it  make  any  dif- 
distance  is  to  the  solar  focal  length,  so  is  the    ference  whether  the  construction  be  refracting 
terrestrial  to  the  solar  power.     For  example,    Qr  reflectmg,  direct  or  inverting.     One  ope- 
a  disk  of  white  '  paper  one  inch  in  diameter   ration  jnciujes  the  result  arising  from  the 
was  placed  on  a  black  board,  and  suspended    mogt  coinplicated  construction. 
on  a  wall  contiguous  to  a  vertical  black  staff        j  ghall  oniy  rnention  further  the  following 
that   was   graduated   into   inches   by   strong    metnod  of  discovering  the  magnifying  power, 
white  lines,  at  a  distance  of  33  yards  2^  feet,    which  is  founded  on  the  same  general  prm- 
and  when  the  adjustment  for  vision  was  made    ciple  ag  auu(]ed  to  above.     Let  the  telescope 
with  a  42  inch  telescope,  the  left  eye  of  the    be  piace(i  m  such  a  position  opposite  the  sun 
observer  viewed   the  disk  projected  on   the    tnat  tue  ravs  of  light  may  fall  perpendicularly 
staff,  while  the  right  eye  observed  that  the    on  tae  Object-glass  ;  the  pencil  of  rays  may 
image  of  the  disk  covered  just  58£    be  received  on  a  piece  of  paper,  and  its  diame- 
n  the  staff,  which  number  was  the    ter  mcasured.     Then,  as  the  diameter  of  the 


inches  on  te  sta,  wc     numer  wa  ter  mcasured.          en,  as     e     amee 

measure  of  the  magnifying  power  at  the  dis-  pencil  of  rays  js  to  that  of  the  object-glass,  so 

tance  answering  to  33  yards  2£  feet,  which  in  ig  tne  magnifying  power  of  the  telescope. 

this  case  exceeded  the  solar  focus  by  an  inch  Q-   Qn  cleaning  the  Lenses  of  Telescopes. 

and  a  half.     Then,  according  to  the  above  _  jt  is  necessary,  in  oruer  to  distinct  vision, 

analogy,  we  have,  as  43.5  :  42  :  :  58.5  :  56.5  that  the  giasses,  particularly  the  eyeglasses 

nearly.     Hence  the  magnifying  power  due  to  of  teiescopes,  be  kept  perfectly  clean,  tree  of 

the  solar  focal  length  of  the  telescope  in  ques-  dampt  dust)  or  whatever    may  impede   the 

tion  is  56.5,  and  the  distance,  33  yards  2£  transmission  of  the  rays  of  light  ;  but  great 

feet,  is  that  which  corresponds  to  an  elonga-  caution  ought  to  be  exercised  in  the  wiping 

tion  of  the  solar  focal  distance  an  inch  and  a  of  them,  as  they  are  apt  to  be  scratched  or 

half.*     If  we  multiply  the  terrestrial  and  the  The  mother.of.pearl  dynameter  may  be  pur- 

aolar  focal  distances  together,  and  divide  the  chased  for  about  twelve  shillings.    I  e  tig.  a/,  a, 

»PearBon'a  "Practical  Astronomy,"  vol.  ii.  b>  c>  P-  95                                               (36  n 
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otherwise  injured  by  a  rough  and  incautious 
mode  of  cleaning  them.  They  should  never 
be  attempted  to  be  wiped  unless  they  really 
require  it;  and  in  this  case,  they  should  be 
wiped  carefully  and  gently  with  a  piece  of 
new  and  soft  lamb's-skin  leather ;  if  this  be 
not  at  hand,  a  piece  of  fine  silk  paper,  or  fine 
clean  linen  may  be  used  as  a  substitute. 
The  lens  which  requires  to  be  most  particu- 
larly attended  to  is  the  second  glass  from  the 
eye,  or  the  field-glass ;  for  if  any  dust  or  other 
impediment  be  found  upon  this  glass,  it  is 
always  distinctly  seen,  being  magnified  by  the 
glass  next  the  eye.  The  next  glass  which 
requires  attention  is  the  fourth  from  the  eye, 
or  that  which  is  next  the  object.  Unless  the 
glass  next  the  eye  be  very  dusty,  a  few  small 
spots  or  grains  of  dust  are  seldom  perceptible. 
The  object-glass  of  an  achromatic  should 
seldom  be  touched  unless  damp  adheres  to  it. 
Care  should  be  taken  never  to  use  pocket- 
handkerchiefs  or  dirty  rags  for  wiping  lenses. 
From  the  frequent  use  of  such  articles,  the 
glasses  of  seamen's  telescopes  get  dimmed 
and  scratched  in  the  course  of  a  few  years. 
If  the  glasses  be  exceedingly  dirty,  and  if 
greasy  substances  are  attached  to  them,  they 
may  be  soaked  in  spirits  and  water,  and 
afterward  carefully  wiped.  In  replacing  the 
glasses  in  their  socket,  care  should  be  taken 
not  to  touch  the  surfaces  with  the  fingers,  as 
they  would  be  dimmed  with  the  perspiration  : 
they  should  be  taken  hold  of  by  the  edges 
only,  and  carefully  screwed  into  the  same 
cells  from  which  they  were  taken. 

OX    MEGALASCOPES,    OH    TELESCOPES    FOR 
VIEWING    VERY    NEAR    OBJECTS. 

It  appears  to  have  been  almost  overlooked 
by  opticians  and  others,  that  telescopes  may 
be  constructed  so  as  to  exhibit  a  beautiful  and 
minute  view  of  very  near  objects,  and  to  pro- 
duce even  a  microscopic  effect  without  the 
least  alteration  in  the  arrangement  of  the 
•"nses  of  which  they  are  rr>-nposed.  This 
object  is  effected  simply  by  making  the  eye- 
tube  of  a  telescope  of  such  a  length  as  to  be 
capable  of  being  drawn  out  twelve  or  thirteen 
inches  beyond  the  point  of  distinct  vision  for 
distant  objects.  The  telescope  is  then  ren- 
dered capable  of  exhibiting  with  distinctness 
all  kinds  of  objects,  from  the  most  distant  to 
those  which  are  placed  within  three  or  four 
feet  of  the  instrument,  or  not  nearer  than 
double  the  focal  distance  of  the  object-glass. 
Our  telescopes,  however,  are  seldom  or  never 
fitted  with  tubes  that  slide  further  than  an 
inch  or  two  beyond  the  point  of  distinct  vision 
for  distant  objects,  although  a  tube  of  a  longer 
size  than  usual,  or  an  additional  tube,  would 
cost  but  a  trifling  expense. 

The  following,  among  many  others,  are 
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some  of  the  objects  on  which  I  have  tried 
many  amusing  experiments  with  telescopes 
fitted  up  with  the  long  tubes  to  which  I  al- 
lude. The  telescope  to  which  I  shall  more 
particularly  advert  is  an  achromatic,  mounted 
on  a  pedestal,  having  an  object-glass  about 
nineteen  inches  focal  length,  and  Ifths  of  an 
inch  in  diameter,  with  magnifying  powers  for 
distant  objects  of  thirteen  and  twenty  times. 
When  this  instrument  is  directed  to  a  minia- 
ture portrait  3^  inches  in  length,  placed  in  a 
good  light,  at  the  distance  of  about  eight  or 
ten  feet,  it  appears  as  large  as  an  oil-painting 
four  or  five  feet  long,  and  represents  the  in- 
dividual as  large  as  life.  The  features  of  the 
face  appear  to  stand  out  in  bold  relief;  and 
perhaps  there  is  no  representation  of  the  hu- 
man figure  that  more  resembles  the  living 
prototype  than  in  this  exhibition  provided  the 
miniature  is  finely  executed.  In  this  case 
the  tube  requires  to  be  pulled  out  four  or  five 
inches  from  the  point  of  distinct  vision  for 
distant  objects,  and  consequently  the  magnify 
ing  power  is  proportionally  increased.  An- 
other class  of  objects  to  which  such  a  tele- 
scope may  be  applied  is  Perspective  Prints, 
either  of  public  buildings,  streets,  or  land- 
scapes. When  viewed  in  this  way  they  pre- 
sent a  panoramic  appearance,  and  seem 
nearly  as  natural  as  life,  just  in  the  same 
manner  as  they  appear  in  the  Optical  Diago- 
nal Machine,  or  when  reflected  in  a  large 
concave  mirror,  with  this  advantage,  that 
while  in  these  instruments  the  left-hand  side 
of  the  print  appears  where  the  right  should 
be,  the  objects  seen  through  the  telescope  ap- 
pear exactly  in  their  natural  position.  In 
this  case,  however,  the  telescope  should  have 
a  small  magnifying  power,  not  exceeding 
five  or  six  times,  so  as  to  take  in  the  whole 
of  the  landscape.  If  an  astronomical  eye- 
piece be  used,  the  print  will  require  to  be  in- 
verted. 

Other  kinds  of  objects  which  may  be  viewed 
with  this  instrument  are  trees,  flowers,  and  other 
objects  in  gardens  immediately  adjacent  to  the 
apartment  in  which  we  make  our  observations. 
In  this  way  we  may  obtain  a  distinct  view  of 
a  variety  of  rural  objects,  which  we  cannot 
easily  approach,  such  as  the  buds  and  blossoms 
on  the  tops  of  trees,  and  the  insects  with 
which  they  may  be  infested.  There  are  cer- 
tain objects  on  which  the  telescope  may  be 
made  to  produce  a  powerful  microscopical  ef- 
fect, such  as  the  more  delicate  and  beautiful 
kinds  of  flowers,  the  leaves  of  trees,  and  simi- 
lar objects.  In  viewing  such  objects,  the 
telescope  may  be  brought  within  little  moro 
than  double  the  focal  distance  of  the  object- 
glass  from  the  objects  to  be  viewed,  and  then 
the  magnifying  power  is  very  considerably  in 
creased.  A  nosegay  composed  of  a  variety 
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of  delicate  flowers,  and  even  a  single  flower, 
such  as  the  sea  pink,  makes  a  splendid  ap- 
pearance in  this  way.  A  peacock's  feather, 
or  even  the  fibres  on  a  common  quill,  appear 
very  beautiful  when  placed  in  a  proper  light. 
The  leaves  of  trees,  particularly  the  leaf  of 
the  plane-tree,  when  placed  against  a  window- 
pane,  so  that  the  light  may  shine  through 
them,  appear,  in  all  their  internal  ramifica- 
tions, more  distinct,  beautiful,  and  interest- 
ing, than  when  viewed  in  any  other  way ; 
and  in  such  views  a  large  portion  of  the  ob- 
ject is  at  once  exhibited  to  the 'eye.  In  this 
case,  the  eyepiece  of  such  a  telescope  as  that 
alluded  to  requires  to  be  drawn  out  twelve  or 
fourteen  inches  beyon*1  the  point  of  distinct 
vision  for  objects  at  s  distance,  and  the  dis- 
tance between  these  near  objects  and  the 
object-end  of  the  telescope  is  only  about  3£ 
feet.  , 

A  telescope  having  a  diagonal  eyepiece 
presents  a  very  pleasant  view  of  near  objects 
in  this  manner.  With  an  instrument  of  this 
kind  I  have  frequently  viewed  the  larger  kind 
of  small  objects  alluded  to  above,  such  as  the 
leaves  of  shrubs  and  trees,  flowers  consisting 
of  a  variety  of  parts,  the  fibres  of  a  peacock's 
feather,  and  similar  objects.  In  this  case,  the 
object-glass  of  the  instrument,  which  is  10£ 
inches  focal  length,  was  brought  within  22 
inches  of  the  object,  and  the  eye  looked  down 
upon  it  in  the  same  manner  as  when  we  view 
objects  in  a  compound  microscope.  A  com- 
mon pocket  achromatic  telescope  may  be  used 
for  the  purposes  now  stated,  provided  the  tube 
in  the  eyepiece  containing  the  two  lenses  next 
the  object  be  taken  out,  in  which  case  the  two 
glasses  next  the  eye  form  an  astronomical 
eyepiece,  and  the  tubes  may  be  drawn  out 
five  or  six  inches  beyond  the  focal  point  for 
distant  objects,  and  will  produce  distinct  vision 
for  objects  not  further  distant  than  about  20 
or  24  inches ;  but  in  this  case,  the  objects  to 
be  viewed  must  be  inverted,  in  order  that  they 
may  be  seen  in  their  natural  positions  when 
viewed  through  the  instrument.  Telescopes 
of  a  large  size  and  high  magnifying  powers 
may  likewise  be  used  with  advantage  for 
viewing  very  near  objects  in  gardens  adjacent 
to  the  room  in  which  the  instruments  are 
placed,  provided  the  sliding-tube  next  the  eye 
has  a  range  of  two  or  three  inches  beyond  the 
poiiic  of  vision  for  distant  objects.  In  this 
case,  a  magnifying  power  of  100  times  on  a 
3^  or  a  five  feet  achromatic  produces  a  very 
pleasant  effect.  In  making  the  observations 
to  which  I  have  now  alluded,  it  is  requisite  in 
order  to  distinct  vision,  and  to  obtain  a  pleasing 
view  of  the  objects,  that  the  instrument  should 
be  placed  on  a  pedestal,  and  capable  of  motion 
in  every  direction.  The  adjustment  for  dis- 


tinct vision  may  be  made  either  by  the  sliding- 
tube,  or  by  removing  the  telescope  nearer  to 
or  further  from  the  object. 

REFLECTIONS  OX  LIGHT  AND  VISION,  AND  ON 
THE  NATURE  AND  UTILITY  OF  TELESCOPES. 

Light  is  one  of  the  most  wonderful  and 
beneficial,  and,  at  the  same  time,  one  of  the 
most  mysterious  agents  in  the  material  crea- 
tion. Though  the  sun  from  which  it  flows 
to  this  part  of  our  system  is  nearly  a  hundred 
millions  of  miles  from  our  globe,  yet  we  per- 
ceive it  as  evidently,  and  feel  its  influence  as 
powerfully,  as  if  it  emanated  from  no  higher 
a  region  than  the  clouds.  It  supplies  life  arid 
comfort  to  our  physical  system,  and  without 
its  influence  and  operations  on  the  various 
objects  around  us,  we  could  scarcely  subsist 
and  participate  of  enjoyment  for  a  single  hour. 
It  is  diffused  around  us  on  every  hand  from 
its  fountain,  the  sun  ;  and  even  the  stars, 
though  at  a  distance  hundreds  of  thousands 
of  times  greater  than  that  of  the  solar  orb. 
transmit  to  our  distant  region  a  portion  of  this 
element.  It  gives  beauty  and  fertility  to  the 
earth,  it  supports  the  vegetable  and  animal 
tribes,  and  is  connected  with  the  various  mo- 
tions which  are  going  forward  throughout  the 
system  of  the  universe.  It  unfolds  to  us  the 
whole  scenery  of  external  nature ;  the  lofty 
mountains  and  the  expansive  plains,  the  ma- 
jestic rivers  and  the  mighty  ocean  ;  the  trees, 
the  flowers,  the  crystal  streams,  and  the  vast 
canopy  of  the  sky,  adorned  with  ten  thousands 
of  shining  orbs.  In  short,  there  is  scarcely  an 
object  within  the  range  of  our  contemplation 
but  what  is  exhibited  to  our  understanding 
through  the  medium  of  light,  or  at  least  bears 
a  certain  relation  to  this  enlivening  and  uni- 
versal agent.  When  we  consider  the  extreme 
minuteness  of  the  rays  of  light,  their  incon- 
ceivable velocity,  the  invariable  laws  by  which 
they  act  upon  all  bodies,  the  multifarious 
phenomena  produced  by  their  inflections,  re- 
fractions, and  reflections,  while  their  original 
properties  remain  the  same ;  the  endless 
variety  of  colours  they  produce  on  every  part 
of  our  terrestrial  creation,  and  the  facility  with 
which  millions  of  rays  pass  through  the  small- 
est apertures,  and  pervade  substances  of  great 
density,  while  every  ray  passes  forward  in  the 
crowd  without  disturbing  another,  and  pro- 
duces its  own  specific  impression,  we  cannot 
but  regard  this  element  as  the  most  wonder- 
ful, astonishing,  and  delightful  part  of  the 
material  creation.  When  we  consider  the 
admirable  beauties  and  the  exquisite  plea- 
sures of  which  light  is  the  essential  source, 
and  how  much  its  nature  is  still  involved  in 
mystery,  notwithstanding  the  profound  inves- 

(863> 


146 


THE  PRACTICAL  ASTRONOMER. 


tigations  of  modern  philosophers,  we  may  well 
exclaim  with  the  poet, 

"How  then  shall  I  attempt  to  sing  of  HIM 
Who,  light  himself,  in  uncreated  light 
Invested  deep,  dwells  ajvfully  retired 
From  mortal  eye  or  angel's  purer  ken  ; 
Whose  single  smile  has,  from  the  first  of  time. 
Filled,  overflowing:,  all  yon  lamps  of  heaven, 
That  beam  for  ever  through  the  boundless  sky." 
THOMSON. 

The  eye  is  the  instrument  by  which  we 
perceive  the  beautiful  and  multifarious  effects 
of  this  universal  agent.  Its  delicate  and  com- 
plicated structure";  its  diversified  muscles;  its 
coats  and  membranes  ;  its  different  humours, 
possessed  of  different  refractive  powers;  and 
the  various  contrivances  for  performing  and 
regulating  its  external  and  internal  motions, 
so  as  to  accomplish  the  ends  intended,  clearly 
demonstrate  this  organ  to  be  a  masterpiece 
of  Divine  mechanism — the  workmanship  of 
Him  whose  intelligence  surpasses  conception, 
and  whose  wisdom  is  unsearchable.  "  Our 
sight,"  says  Addison,  "is  the  most  perfect 
and  delightful  of  all  our  senses.  It  fills  the 
mind  with  the  largest  variety  of  ideas,  con- 
verses with  its  objects  at  the  greatest  distance, 
and  continues  the  longest  in  action,  without 
being  tired  or  satiated  with  its  proper  enjoy- 
ments. The  sense  of  feeling  can  indeed  give 
us  a  motion  of  extension,  shape,  and  all  other 
ideas  that  enter  the  eye  except  colours ;  but, 
at  the  same  time,  it  is  very  much  strained,  and 
confined  in  its  operation  to  the  number,  bulk, 
and  distance  of  its  particular  objects.  Our 
sight  seems  designed  to  supply  all  these  de- 
fects, and  may  be  considered  as  a  more  delicate 
and  diffusive  kind  of  touch,  that  spreads  itself 
over  an  infinite  multitude  of  bodies,  compre- 
hends the  largest  figures,  and  brings  into  our 
reach  some  of  the  more  remote  parts  of  the 
universe." 

Could  we  suppose  an  order  of  beings  endued 
with  every  human  faculty  but  that  of  sight,  it 
would  appear  incredible  to  such  beings,  accus- 
tomed only  to  the  slow  information  of  touch, 
that  by  the  addition  of  an  organ  consisting  of 
a  ball  and  socket,  of  an  inch  in  diameter,  they 
might  be  enabled,  in  an  instant  of  time,  with- 
out changing  their  place,  to  perceive  the  dis- 
position of  a  whole  army,  the  order  of  a  battle, 
the  figure  of  a  magnificent  palace,  or  all  the 
variety  of  a  landscape.  If  a  man  were  by 
feeling  to  find  out  the  figure  of  the  Peak  of 
Teneriffe,  or  even  of  St.  Peter's  Church  at 
Rome,  it  would  be  the  work  of  a  lifetime.  It 
would  appear  still  more  incredible  to  such 
beings  as  we  have  supposed,  if  they  were  in- 
formed of  the  discoveries  which  may  be  made 
by  this  little  organ  in  things  far  beyond  the 
reach  of  any  other  sense,  that  by  means  of  it 
we  can  find  our  way  in  the  pathless  ocean ; 
that  we  can  traverse  the  globe  of  the  earth, 
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determine  its  figure  and  dimensions,  and  de- 
lineate every  region  of  it ;  yea,  that  we  can 
measure  the  planetary  orbs,  and  make  dis- 
coveries in  the  sphere  of  the  fixed  stars.  And 
if  they  were  further  informed  that,  by  means 
of  this  same  organ,  we  can  perceive  the  tem- 
pers and  dispositions,  the  passions  and  affec- 
tions of  our  fellow-creatures,  even  when  they 
want  most  to  conceal  them ;  that  when  the 
tongue  is  taught  most  artfully  to  lie  and  dis- 
semble, the  hypocrisy  should  appear  in  the 
countenance  to  a  discerning  eye  ;  and  that 
by  this  organ  we  can  often  perceive  what  is 
straight  and  what  crooked  in  the  mind  as  well 
as  in  the  body,  would  it  not  appear  still  more 
astonishing  to  beings  such  as  we  have  now 
supposed  1* 

Notwithstanding  these  wonderful  properties 
of  the  organ  of  vision,  the  eye,  when  unassist- 
ed by  art,  is  comparatively  limited  in  the 
range  of  its  powers.  It  cannot  ascertain  the 
existence  of  .certain  objects  at  the  distance  of 
three  or  four  miles,  nor  perceive  what  is  going 
forward  in  nature  or  art  beyond  such  a  limit. 
By  its  natural  powers  we  perceive  the  moon 
to  be  a  globe  about  half  a  degree  in  diameter, 
and  diversified  with  two  or  three  dusky  spots, 
and  that  the  sun  is  a  luminous  body  of  appa- 
•rently  the  same  size ;  that  the  planets  are  lu- 
minous points,  and  that  about  a  thousand 
stars  exist  in  the  visible  canopy  of  the  sky. 
But  the  ten  thousandth  part  of  those  lumi- 
naries which  are  within  the  reach  of  human 
vision  can  never  be  seen  by  the  unassisted 
eye.  Here  the  TELESCOPE  interposes,  and 
adds  a  new  power  to  the  organ  of  vision,  by 
which  it  is  enabled  to  extend  its  views  to  re- 
gions of  space  immeasurably  distant,  and  to 
objects,  the  number  and  magnitude  of  which 
could  never  otherwise  have  been  surmised  by 
the  human  imagination.  By  its  aid  we  ob- 
tain a  sensible  demonstration  that  space  is 
boundless;  that  the  universe  is  replenished 
with  innumerable  suns  and  worlds ;  that  the 
remotest  regions  of  immensity,  immeasurably 
beyond  the  limits  of  unassisted  vision,  display 
the  energies  of  Creating  Power ;  and  that  the, 
empire  of  the  Creator  extends  far  beyond 
what  eye  hath  seen  or  the  human  imagina- 
tion can  conceive. 

The  telescope  is  an  instrument  of  a  much 
more  wonderful  nature  than  what  most  people 
are  apt  to  imagine.  However  popular  such 
instruments  now  are,  and  however  common  a 
circumstance  it  is  to  contemplate  objects  at  a 
great  distance  which  the  naked  eye  cannot 
discern,  yet,  prior  to  their  invention  and  im- 
provement, it  would  have  appeared  a  thing 
most  mysterious,  if  not  impossible,  that  objects 
at  the  distance  of  ten  miles  could  be  made  to 
appear  as  if  within  a  few  yards  of  us,  and  that 
*  Reid's  Inquiry  into  the  Human  Mind,  chap,  iv 
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some  of  the  heavenly  bodies  could  be  seen  as 
distinctly  as  if  we  had  been  transported  by 
some  superior  power  hundreds  of  millions  of 
miles  beyond  the  bounds  of  our  terrestrial  ha- 
bitation. Who  could  ever  have  imagined, 
reasoning  a  priori,  that  the  refraction  of  light 
in  glass— the  same  power  by  which  a  straight 
rod  appears  crooked  in  water,  by  which  vision 
is  variously  distorted,  and  by  which  we  are 
liable  to  innumerable  deceptions — that  that 
same  power  or  law  of  nature,  by  the  operation 
of  which  the  objects  in  a  landscape  appear  dis- 
torted when  seen  through  certain  panes  of 
glass  in  our  windows,  that  that  power  should 
ever  be  so  modified  and  directed  as  to  extend 
the  boundaries  of  vision,  and  enable  us  clearly 
to  distinguish  scenes  and  objects  at  a  distance 
a  thousand  times  beyond  the  natural  limits  of 
our  visual  organs  ]  Yet  such  are  the  disco- 
veries which  science  has  achieved,  such  the 
powers  it  has  brought  to  light,  that  by  glasses 
ground  into  different  forms,  and  properly 
adapted  to  each  other,  we  are  enabled,  as  it 
were,  to  contract  the  boundaries  of  space,  to 
penetrate  into  the  most  distant  regions,  and  to 
bring  within  the  reach  of  our  knowledge  the 
most  sublime  objects  in  the  universe. 

When  Pliny  declared  in  reference  to  Hip- 
parchus,  the  ancient  astronomer,  "Ausus  rem 
Deo  improbam  annunterare  posteris  stellas" 
that  "  he  dared  to  enumerate  the  stars  for 
posterity,  an  undertaking  forbidden  by  God." 
what  would  that  natural  historian  have  said 
had  it  been  foretold  that  in  less  than  1600 
years  afterward  a  man  would  arise  who  should 
enable  posterity  to  perceive  and  to  enumerate 
ten  times  more  new  stars  than  Hipparchus 
ever  beheld — who  should  point  out  higher 
mountains  on  the  moon  than  on  the  earth — 
who  should  discover  dark  spots  as  large  as  our 
globe  in  the  sun,  the  fountain  of  light— who 
should  descry  four  moons  revolving  in  differ- 
ent periods  of  time  around  the  planet  Jupiter, 
and  could  show  to  surrounding  senators  the 
varying  phases  of  Venus  ?  and  that  another 
would  soon  after  arise  who  should  point  out  a 
double  ring  of  six  hundred  thousand  miles  in 
circumference  revolving  around  the  planet 
Saturn,  and  ten  hundreds  of  thousands  of  stars 
which  neither  Hipparchus  nor  any  of  the  an- 
cient astronomers  could  ever  descry  1  Yet 
these  are  only  a  small  portion  of  the  discoveries 
made  by  Galileo  and  Herschel  by  means  of 
the  telescope.  Had  any  one  prophetically  in- 
formed Archimedes,  the  celebrated  geometri- 
cian of  Syracuse,  that  vision  would,  in  after 
ages,  be  thus  wonderfully  assisted  by  art; 
and,  further,  that  one  manner  of  improving 
vision  would  be  to  place  a  dark,  opaque  body 
directly  between  the  object  and  the  eye  ;  and 
that  another  method  would  be,  not  to  look  at 
the  object,  but  to  keep  the  eye  quite  in  a  dif- 
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ferent,  and  even  in  an  opposite  direction,  or 
to  stand  with  the  back  directly  opposed  to  it, 
and  to  behold  all  the  parts  of  it,  invisible  to 
the  naked  eye,  most  distinctly  in  this  way,  he 
would  doubtless  have  considered  the  prophet 
as  an  enthusiastic  fool  or  a  raving  madman. 
Yet  these  things  have  been  realized  in  modern 
times  in  the  fullest  extent.  In  the  Gregorian 
reflecting  telescope,  an  opaque  body,  namely, 
the  small  speculum  near  the  end  of  the  tube, 
interposes  directly  between  the  eye  and  the 
object.  In  the  Newtonian  reflector,  and  in 
the  diagonal  eyepieces  formerly  described,  the 
eye  is  directed  in  a  line  at  right  angles  to  the 
object,  or  a  deviation  of  90  degrees  from  the 
direct  line  of  vision.  In  Herschel's  large  tele- 
scopes, and  in  the  Aerial  Reflector  formerly 
described,  (in  p.  112-117,)  the  back  is  turned 
to  the  object,  and  the  eye  in  an  opposite  direc- 
tion. 

These  circumstances  should  teach  us  humi- 
lity and  a  becoming  diffidence  in  our  own 
powers ;  and  they  should  admonish  us  not  to 
be  too  dogmatical  or  peremptory  in  affirming 
what  is  possible  or  impossible  in  regard  either 
to  nature  or  art,  or  to  the  operations  of  the 
Divine  Being.  Art  has  accomplished,  in  mo- 
dern times,  achievements  in  regard  to  locomo- 
tion, marine  and  aerial  navigation,  the  im- 
provement of  vision,  the  separation  and  com- 
binations of  invisible  gases,  and  numerous 
other  objects,  of  which  the  men  of  former  ages 
could  not  have  formed  the  least  conception ; 
and  even  yet  we  can  set  no  boundaries  to  the 
future  discoveries  of  science  and  the  improve- 
ments of  art,  but  have  every  reason  to  indulge 
the  hope  that,  in  the  ages  to  come,  scenes  of 
Divine  mechanism  in  the  system  of  nature  will 
be  unfolded,  and  the  effects  of  chemical  and 
mechanical  powers  displayed,  of  which  the 
human  mind,  in  its  present  state  of  progress, 
cannot  form  the  most  imperfect  idea.  Such 
circumstances  likewise  should  teach  us  not  to 
reject  any  intimations  which  have  been  made 
to  us  in  relation  to  the  character,  attributes, 
and  dispensations  of  the  Divine  Being,  and 
the  moral  revelations  of  his  will  given  in  the 
Sacred  Records,  because  we  are  unable  to 
comprehend  every  truth  and  to  remove  every 
difficulty  which  relates  to  the  moral  govern- 
ment of  the  Great  Ruler  of  the  universe ;  for 
if  we  meet  with  many  circumstances  in  secu- 
lar science,  and  even  in  the  common  opera- 
tions of  nature,  which  are  difficult  to  compre- 
hend— if  even  the  construction  of  such  tele- 
scopes as  we  now  use  would  have  appeared  an 
incomprehensible  mystery  to  ancient  philo- 
sophers, we  must  expect  to  find  difficulties 
almost  insurmountable  to  such  limited  minds 
as  ours  in  the  eternal  plans  and  moral  arrange- 
ments of  the  "  King  Immortal  and  Invisible," 
as  delineated  only  in  their  outlines  in  the 
4D  (865) 
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Sacred  Oracles,  particularly  those  which  re- 
late to  the  origin  of  physical  and  moral  evil, 
the  ultimate  destiny  of  man,  and  the  invisible 
realities  of  a  future  world. 

The  UTILITY  of  the  telescope  may  be  con- 
sidered in  relation  to  the  following  circum- 
stances : 

In  the  first  place,  it  may  be  considered  as 
an  instrument  or  machine  which  virtually 
transports  us  to  the  distant  regions  of  space. 
When  we  look  at  the  moon  through  a  tele- 
scope which  magnifies  200  times,  and  survey 
its  extensive  plains,  its  lofty  peaks,  its  circular 
ranges  of  mountains,  throwing  their  deep 
shadows  over  the  vaies,  its  deep  and  rugged 
caverns,  and  all  the  other  varieties  which  ap- 
pear on  the  lunar  surface,  we  behold  such 
-objects  in  the  same  manner  as  if  we  were 
standing  at  a  point  238,800  miles  from  the 
earth  in  the  direction  of  the  moon,  or  only 
twelve  hundred  miles  from  that  orb,  reckon- 
ing its  distance  to  be  240,000  miles.  When 
we  view  the  planet  Saturn  with  a  similar  in- 
strument, and  obtain  a  view  of  its  belts  and 
satellites,  and  its  magnificent  rings,  we  are 
transported,  as  it  were,  through  regions  of 
space  to  a  point  in  the  heavens  more  than 
nine  hundred  millions  of  miles  from  the 
surface  of  our  globe,  and  contemplate  those 
august  objects  as  if  we  were  placed  within 
five  millions  of  miles  of  the  surface  of  that 
planet.*  Although  a  supernatural  power 
sufficient  to  carry  us  in  such  a  celestial 
journey  a  thousand  miles  every  day  were 
exerted,  it  would  require  more  than  two  thou- 
sand four  hundred  and  sixty  years  before  we 
could  arrive  at  such  a  distant  position ;  yet  the 
telescope,  in  a  few  moments,  transports  our 
visual  powers  to  that  far  distant  point  of  space. 
When  we  view  with  such  an  instrument  the 
minute  and  very  distant  clusters  of  stars  in  the 
Milky  Way,  we  are  carried,  in  effect,  through 
the  regions  of  space  to  the  distance  of  Jive 
hundred  thousand  millions  of  miles  from  the 
earth  ;  for  we  behold  those  luminaries  through 
the  telescope  nearly  as  if  they  were  actually 
viewed  from  such  a  distant  point  in  the  spaces 
of  the  firmament.  These  stars  cannot  be 
conceived  as  less  than  a  hundred  billions  of 
miles  from  our  globe,  and  the  instrument  we 
have  supposed  brings  them  within  the  two 

n™  nTn6  ,dist.ance  of  Saturn  f™"»  the  sun  is  906,- 
000,000  of  miles  ;  it  is  sometimes  nearer  to,  and  at 
other  times  further  from  the  earth,  according  as  it 
is  near  the  point  of  its  opposition  to,  or  conjunc- 
tion with,  the  sun.  If  this  number  be  divided  by 
200,  the  supposed  magnifying  power  of  the  tele- 
scope, the  quotient  is  4,530,000,  which  expresses 
the  distance  in  miles  at  which  it  enables  us  to 
contemplate  this  planet.  If  this  number  be  sub- 
tracted from  906,000,000,  the  remainder  is  901  - 
470,000,  which  expresses  the  number  of  miles  from 
the  earth  at  which  we  are  supposed  to  view  Sa- 
turn with  such  an  instrument. 
(866) 


hundredth  part  of  this  distance.  Suppose  we 
were  carried  forward  by  a  rapid  motion  to- 
wards this  point  at  the  rate  of  a  thousand 
miles  every  hour,  it  would  require  more  than 
fifty '-seven  thousand  years  before  we  could 
reach  that  very  distant  station  in  space  to 
which  the  telescope,  in  effect,  transports  us : 
so  that  this  instrument  is  far  more  efficient  in 
opening  to  our  view  the  scenes  of  the  universe, 
than  if  we  were  invested  with  powers  of  loco- 
motion to  carry  us  through  the  regions  of 
space  with  the.  rapidity  of  a  cannon  ball  at  its 
utmost  velocity ;  and  all  the  while  we  may  sit 
at  ease  in  our  terrestrial  apartments. 

In  the  next  place,  the  telescope  has  been 
the  means  of  enlarging  our  views  of  the  sub- 
lime scenes  of  creation  more  than  any  other 
instrument  which  art  has  contrived.  Before 
the  invention  of  this  instrument,  the  universe 
was  generally  conceived  as  circumscribed  with- 
in very  narrow  limits.  The  earth  was  consi- 
dered as  one  of  the  largest  bodies  in  crea- 
tion ;  the  planets  were  viewed  as  bodies  of  a 
far  less  size  than  what  they  are  now  found  to 
be  ;  no  bodies  similar  to  our  moon  were  sus- 
pected as  revolving  around  any  of  them  ;  and 
the  stars  were  supposed  to  be  little  more  than 
a  number  of  brilliant  lamps  hung  up  to  emit 
a  few  glimmering  rays,  and  to  adorn  the 
canopy  of  our  earthly  habitation.  Such  a 
wonderful  phenomenon  as  the  ring  of  Saturn 
was  never  once  suspected,  and  the  sun  was 
considered  as  only  a  large  ball  of  fire.  It  was 
suspected,  indeed,  that  the  moon  was  "diversi- 
fied with  mountains  and  vales,  and  that  it 
might  possibly  be  a  habitable  world ;  but 
nothing  certainly  could  be  determined  on  this 
point,  on  account  ot  the  limited  nature  of  un- 
assisted vision.  But  the  telescope  has  been 
the  means  of  expanding  our  viewps  of  the  au- 
gust scenes  of  creation  to  an  almost  unlimited 
extent :  it  has  withdrawn  the  vail  which  for- 
merly interposed  to  intercept  our  view  of  the 
distant  glories  of  the  sky :  it  has  brought  to 
light  five  new  planetary  bodies,  unknown  to 
former  astronomers,  one  of  which  is  more 
than  eighty  times  larger  than  the  earth,  and 
seventeen  secondary  planets  which  revolve 
around  the  primary:  it  has  expanded  the 
dimensions  of  the  solar  system  to  double  the 
extent  which  was  formerly  supposed :  it  has 
enabled  us  to  descry  hundreds  of  comets  which 
would  otherwise  have  escaped  our  unassisted 
vision,  and  to  determine  some  of  their  trajec- 
tories and  periods  of  revolution :  it  has  ex- 
plored the  profundities  of  the  Milky  Way, 
and  enabled  us  to  perceive  hundreds  of  thou- 
sands of  those  splendid  orbs,  where  scarcely 
one  is  visible  to  the  naked  eye :  it  has  laid 
open  to  our  view  thousands  of  Nebulae,  of 
various  descriptions,  dispersed  through  differ- 
ent regions  of  the  firmament,  many  of  them 
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containing  thousands  of  separate  stars :  it  has 
directed  our  investigations  to  thousands  of 
double,  treble,  and  multiple  stars — suns  re- 
volving around  suns,  and  systems  around  sys- 
tems; and  has  enabled  us  to  determine  some 
of  the  periods  of  their  revolutions:  it  has 
demonstrated  the  immense  distances  of  the 
starry  orbs  from  our  globe,  and  their  conse- 
quent magnitudes,  since  it  shows  us  that, 
having  brought  them  nearer  to  our  view  by 
several  hundreds  or  thousands  of  times,  they 
still  appear  only  as  so  many  shining  points  : 
it  has  enabled  us  to  perceive  that  mighty 
changes  are  going  forward  throughout  the 
regions  of  immensity — new  stars  appearing, 
and  others  removed  from  our  view,  and  mo- 
tions of  incomprehensible  velocity  carrying 
forward  those  magnificent  orbs  through  the 
spaces  of  the  firmanent:  in  short,  it  has 
opened  a  vista  to  regions  of  space  so  immea- 
surably distant,  that  a  cannon  ball  impelled 
with  its  greatest  velocity  would  not  reach 
tracts  of  creation  so  remote  in  two  thousand 
millions  of  years ;  and  even  light  itself,  the 
swiftest  body  in  nature,  would  require  more 
than  a  thousand  years  before  it  could  traverse 
this  mighty  interval.  It  has  thus  laid  a  foun- 
dation for  our  acquiring  an  approximate  idea 
of  the  infinity  of  space,  and  for  obtaining  a 
glimpse  of  the  far  distant  scenes  of  creation, 
and  the  immense  extent  of  the  universe. 

Again,  the  telescope,  in  consequence  of  the 
discoveries  it  has  enabled  us  to  make,  has 
tended  1o  amplify  our  conceptions  of  the  attri- 
butes and  the  empire  of  the  Deity.  The 
amplitude  of  our  conceptions  of  the  Divine 
Being  bears  a  certain  proportion  to  the  expan- 
sion of  our  views  in  regard  to  his  works  of 
creation,  and  the  operations  he  is  incessantly 
carrying  forward  throughout  the  universe.  If 
our  views  of  the  works  of  God,  and  of  the 
manifestations  he  has  given  of  himself  to  his 
intelligent  creatures,  be  circumscribed  to  a 
narrow  sphere,  as  to  a  parish,  a  province,  a 
kingdom,  or  a  single  world,  our  conceptions 
of  that  Gre.it  Being  will  be  proportionably 
limited ;  for  it  is '  chiefly  from  the  manifesta- 
tion of  God  in  the  material  creation  that  our 
ideas  of  his  power,  his  wisdom,  and  his  other 
natural  attributes  are  derived.  But  in  pro- 
portion to  the  ample  range  or  prospect  we  are 
enabled  to  take  of  the  operations  of  the  Mo&t 
High,  will  be  our  conceptions  of  his  character, 
attributes,  and  agency.  Now  the  telescope, 
more  than  any  other  invention  of  man,  has 
tended  to  open  to  our  view  the  most  magnifi- 
cent and  extensive  prospects  of  the  works  of 
God ;  it  has  led  us  to  ascertain  that,  within 
the  limits  of  the  solar  system,  there  are 
bodies  which,  taken  together,  comprise  a 
mass  of  matter  nearly  two  thousand  five 
hundred  times  greater  than  that  of  the  earth ; 


that  these  bodies  are  all  constituted  and  ar- 
ranged in  such  a  manner  as  to  fit  them  for 
being  habitable  worlds ;  and  that  the  sun,  the 
centre  of  this  system,  is  five  hundred  times 
larger  than  the  whole.  But,  far  beyohd  the 
limits  of  this  system,  it  has  presented  to  our 
view  a  universe  beyond  the  grasp  of  finite  in- 
telligences, and  to  which  human  imagination 
can  assign  no  boundaries  :  it  has  enabled  us 
to  descry  suns  clustering  behind  suns,  rising 
to  view  in  boundless  perspective,  in  proportion 
to  the  extent  of  its  magnifying  and  illuminating 
powers,  the  numbers  of  which  are  to  be  esti- 
mated, not  merely  by  thousands,  and  tens  of 
thousands,  and  hundreds  of  thousands,  but  by 
scores  of  millions;  leaving  us  no  room  to 
doubt  that  hundreds  of  millions  more  beyond 
the  utmost  limits  of  human  vision,  even  when 
assisted  by  art,  lie  hid  from  mortal  view  in  the 
unexplored  and  unexplorable  regions  of  im- 
mensity. 

Here,  then,  we  are  presented  with  a  scene 
which  gives  us  a  display  of  Omnipotent 
Power  which  no  other  objects  can  unfold, 
and  which,  without  the  aid  of  the  telescope, 
we  should  never  have  beheld ;  a  scene  which 
expands  our  conceptions  of  the  Divine  Being 
to  an  extent  which  the  men  of  former  genera- 
tions could  never  have  anticipated;  a  scene 
which  enables  us  to  form  an  approximate  idea 
of  Him  who  is  the  "  King  Eternal,  Immortal, 
and  Invisible,"  who  "  created  all  worlds,  and 
for  whose  pleasure  they  are  and  were  cre- 
*ted."  Here  we  behold  the  operations  of  a 
Being  whose  power  is  illimitable  and  uncon- 
trollable, and  which  far  transcends  the  com- 
prehension of  the  highest  created  intelligences; 
a  power,  displayed  not  only  in  the  vast  exten- 
sion of  material  existence,  and  the  countless 
number  of  mighty  globes  which  the  universe 
contains,  but  in  the  astonishingly  rapid  mo- 
tions with  which  myriads  of  them  are  carried 
along  through  the  immeasurable  spaces  of  cre- 
ation, some  of  those  magnificent  orbs  moving 
with  a  velocity  of  one  hundred  and  seventy 
thousand  miles  an  hour.  Here,  likewise,  we 
have  a  display  of  the  infinite  wisdom  and  in- 
telligence of  the  Divine  Mind,  in  the  harmony 
and  order  with  which  all  the  mighty  move- 
ments of  the  universe  are  conducted ;  in  pro- 
portionating the  magnitudes,  motions,  and 
distances  of  the  planetary  worlds ;  in  the  nice 
adjustment  of  the  projectile  velocity  to  the 
attractive  power ;  in  the  constant  proportion 
between  the  times  of  the  periodical  revolution 
of  the  planets  and  the  cubes  of  their  mean 
distances;  in  the  distances  of  the  several 
planets  from  the  central  body  of  the  system, 
compared  with  their  respective  densities ;  and. 
in  the  constancy  and  regularity  of  their  mo- 
tions, and  the  exactness  with  which  they  ac- 
complish their  destined  rounds— all  which 
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circumstances  evidently  show  that  He  who 
contrived  the  universe  is  "  the  only  wise  God," 
who  is  "  wonderful  in  counsel  and  excellent 
in  working."  Here,  in  fine,  is  a  display  of 
boundless  benevolence ,-  for  we  cannot  sup- 
pose, for  a  moment,  that  so  many  myriads  of 
magnificent  globes,  fitted  to  be  the  centres  of 
a  countless  number  of  mighty  worlds,  should 
be  nothing  else  than  barren  wastes,  without 
the  least  relation  to  intelligent  existence  ;  and 
if  they  are  peopled  with  intellectual  beings 
of  various  orders,  how  vast  must  be  their  num- 
bers, and  how  overflowing  that  Divine  Benefi- 
cence which  has  provided  for  them  all  every 
thing  requisite  to  their  existence  and  happiness. 

In  these  discoveries  of  the  telescope  we  ob- 
tain a  glimpse  of  the  grandeur  and  the  unlim- 
ited extent  of  God's  universal  empire.  To 
this  empire  no  boundaries  can  be  perceived. 
The  larger  and  the  more  powerful  our  tele- 
scopes are,  the  further  are  we  enabled  to  pe- 
netrate into  those  distant  and  unknown 
regions ;  and  however  far  we  penetrate  into 
the  abyss  of  space,  new  objects  of  wonder  and 
magnificence  still  continue  rising  to  our  view, 
affording  the  strongest  presumption  that,  were 
we  to  penetrate  ten  thousand  times  further 
into  those  remote  spaces  of  immensity,  new 
suns,  and  systems,  and  worlds  would  be  dis- 
closed to  our  view.  Over  all  this  vast  assem- 
blage of  material  existence,  and  over  all  the 
sensitive  and  intellectual  beings  it  contains, 
God  eternally  and  unchangeably  presides; 
and  the  minutest  movements,  either  of  the 
physical  or  the  intelligent  system,  throughout 
every  department  of  those  vast  dominions,  are 
at  every  moment  "  naked  and  open"  to  his 
omniscient  eye.  What  boundless  intelligence 
is  implied  in  the  superintendence  and  arrange- 
ment of  the  affairs  of  such  an  unlimited  em- 
pire! and  what  a  lofty  and  expansive  idea 
does  it  convey  of  Him  who  sits  on  the  throne 
of  Universal  Nature,  and  whose  greatness  is 
unsearchable !  But  without  the  aid  of  the 
telescopic  tube  we  could  not  have  formed  such 
ample  conceptions  of  the  greatness,  either  of 
the  Eternal  Creator  himself,  or  of  the  universe 
which  he  hath  brought  into  existence. 

Besides  the  above,  the  following  uses  of  the 
telescope,  in  relation  to  science  and  common 
life,  may  be  shortly  noticed : 

In  the  business  of  astronomy,  scarcely  any 
thing  can  be  done  with  accuracy  without  the 
assistance  of  the  telescope.  1.  It  enables  the 
astronomer  to  determine  with  precision  the 
transits  of  the  planets  and  stars  across  the 
meridian ;  and  on  the  accuracy  with  which 
these  transits  are  obtained,  a  variety  of  im- 
portant conclusions  and  calculations  depend. 
The  computation  of  astronomical  and  nautical 
tables  for  aiding  the  navigator  in  his  voyages 
roun4  the  globe,  and  facilitating  his  calcula- 


tions  of  latitude  and  longitude,  is  derived  from 
observations  made  by  the  telescope,  without 
the  use  of  which  instrument  they  cannot  be 
made  with  precision.  2.  The  apparent  dia- 
meters of  the  planets  can  only  be  measured 
by  means  of  this  instrument,  furnished  with 
a  micrometer.  By  the  naked  eye  no  accurate 
measurements  of  the  diameters  of  these  bodies 
can  be  taken ;  and  without  knowing  their  ap- 
parent diameters  in  minutes  or  seconds,  their 
real  bulk  cannot  be  determined,  even  although 
their  exact  distances  be  known.  The  differ- 
ences, too,  between  the  polar  and  equatorial 
diameters  cannot  be  ascertained  without  ob- 
servations made  by  powerful  telescopes.  For 
example,  the  equatorial  diameter  of  Jupiter  is 
found  to  be  in  proportion  to  the  polar  as  14 
to  13,  that  is,  the  equatorial  is  more  than 
6000  miles  longer  than  the  polar  diameter, 
which  could  never  have  been  determined  by 
observations  made  by  the  naked  eye.  3.  The 
parallaxes  of  the  heavenly  bodies  can  only 
be  accurately  ascertained  by  the  telescope ; 
and  it  is  only  from  the  knowledge  of  their 
parallaxes  that  their  distances  from  the  earth 
or  from  the  sun  can  be  determined.  In  the 
case  of  the  fixed  stars,  nothing  of  the  nature 
of  a  parallax  could  ever  be  expected  to  be 
found  without  the  aid  of  a  telescope.  It  was 
by  searching  for  the  parallax  of  a  certain  fixed 
star  that  the  important  fact  of  the  Aberration 
of  Light  was  discovered.  The  observations 
for  this  purpose  were  made  by  means  of  a 
telescope  24  feet  long,  fixed  in  a  certain  posi- 
tion. 4.  The  motions  and  revolutionary  pe- 
riods of  Sidereal  Systems  can  only  be  deter- 
mined by  observations  made  by  telescopes  of 
great  magnifying  and  illuminating  powers. 
Without  a  telescope  the  small  stars  which 
accompany  double  or  treble  stars  cannot  be 
perceived,  and  much  less  their  motions  or  va- 
riation of  their  relative  positions.  Before  the 
invention  of  the  telescope,  such  phenomena, 
now  deemed  so  wonderful  and  interesting, 
could  never  have  been  surmised.  5.  The  ac- 
curate determination  of  the  longitude  of  places 
on  the  earth's  surface  is  ascertained  by  the 
telescope,  by  observing  with  this  instrument 
the  immersions  and  emersions  of  the  satellites 
of  Jupiter.  From  such  observations,  with 
the  aid  of  a  chronometer,  and  having  the  time 
at  any  known  place,  the  situation  of  any  un- 
known place  is  easily  determined.  But  the 
eclipses  of  Jupiter's  moons  can  be  perceived 
only  by  telescopic  instruments  of  considerable 
power.  6.  By  means  of  a  telescope  with 
cross  hairs  in  the  focus  of  the  eyeglass,  and 
attached  to  a  quadrant,  the  altitude  of  the  sun 
or  of  a  star,  particularly  the  pole  star,  may  be 
most  accurately  taken,  and  from  such  obser- 
vations the  latitude  of  the  place  may  be 
readily  and  accurately  deduced. 
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Again,  in  the  Surveying  of  Land,  the 
telescope  is  particularly  useful ;  and  for  this 
purpose  it  is  mounted  on  a  stand  with  a  hori- 
zontal and  vertical  motion,  pointing  out  by 
divisions  the  degrees  and  minutes  of  inclina- 
tion of  the  instrument.  For  the  more  accu- 
rate reading  of  these  divisions,  the  two  limbs 
are  furnished  with  a  nonius,  or  Vernier's 
Scale.  The  object  here  is  to  take  the  angular 
distances  between  distant  objects  on  a  plane 
truly  horizontal,  or  else  the  angular  elevation 
or  depression  of  objects  above  or  below  the 
plane  of  the  horizon.  In  order  to  obtain 
either  of  those  kinds  of  angles  to  a  requisite 
degree  of  exactness,  it  is  necessary  that  the 
surveyor  should  have  as  clear  and  distinct  a 
view  as  possible  of  the  objects,  or  station- 
staves,  which  he  fixes  up  for  his  purpose,  that 
he  may  with  the  greater  certainty  determine 
the  point  of  the  object  which  exactly  corres- 
ponds with  the  line  he  is  taking.  Now,  as 
such  objects  are  generally  at  too  great  a  dis- 
tance for  the  surveyor  to  be  able  to  distinguish 
with  the  naked  eye,  he  takes  the  assistance 
of  the  telescope,  by  which  he  obtains,  1,  a 
distinct  view  of  the  object  to  which  his  atten- 
tion is  directed,  and,  2,  he  is  enabled  to  de- 
termine the  precise  point  of  the  object  aimed 
at  by  means  of  the  cross  hairs  in  the  focus  of 
the  eyeglass.  A  telescope  mounted  for  this 
purpose  is  called  a  Theodolite,  which  is  derived 
from  two  Greek  words,  ^so/jiat,  to  see,  and  o6"oj, 
the  way  or  distance. 

In  the  next  place,  the  telescope  is  an  in- 
strument of  special  importance  in  the  conduct- 
ing of  Telegraphs,  and  in  the  conveyance  of 
signals  of  all  descriptions.  Without  its  as- 
sistance telegraphic  despatches  could  not  be 
conveyed  with  accuracy  to  any  considerable 
distance,  nor  in  quadruple  the  time  in  which 
they  are  now  communicated,  and  the  different 
stations  would  need  to  be  exceedingly  nume- 
rous ;  but,  by  the  assistance  of  the  telescope, 
information  may  be  communicated,  by  a  series 
of  telegraphs,  with  great  rapidity.  Twenty- 
seven  telegraphs  convey  information  from 
Paris  to  Calais,  a  distance  of  160  miles,  in 
three  minutes ;  twenty-two  from  Paris  to 
Lisle  in  two  minutes ;  forty-six  from  Strasburg 
to  Paris  in  four  and  a  half  minutes;  and 
eighty  from  Paris  to  Brest  in  ten  minutes. 
In  many  other  cases  which  occur  both  on  land 
and  sea,  the  telescope  is  essentially  requisite 
for  descrying  signals.  The  Bell-Rock  Light- 
house, for  example,  is  situated  twelve  miles 
from  Arbroath,  and  from  every  other  portion 
of  land,  so  that  the  naked  eye  could  not  dis- 
cern any  signal  which  the  keepers  of  that 
light  could  have  it  in  their  power  to  make; 
but  by  means  of  a  large  telescope  in  the  sta- 
tion-uouse  in  Arbroath,  the  hoisting  of  a  ball 
every  morning  at  9  A.M.,  which  indicates 


that  "  All  is  well,"  may  be  distinctly  recog- 
nized. 

Many  other  uses  of  this  instrument,  in  the 
ordinary  transactions  of  life,  will  readily  occur 
to  the  reader,  and  therefore  I  shall  only  men 
tion  the  following  purpose  to  which  it  may  be 
applied,  namely, 

To  measure  the  Distance  of  an  Object 
from  one  Station. — This  depends  upon  the 
increase  of  the  focal  distance  of  the  telescope 
in  the  case  of  near  objects.  Look  through  a 
telescope  at  the  object  whose  distance  is  re- 
quired, and  adjust  the  focus  till  it  appear  quite 
distinct;  then  slide  in  the  drawer  till  the  ob- 
ject begins  to  be  obscure,  and  mark  that  place 
of  the  tube  precisely  ;  next  draw  out  the  tube 
till  the  object  begins  to  be  again  obscured,  and 
then  make  another  mark  as  before ;  then  take 
the  middle  point  between  these  two  marks, 
and  that  will  be  the  point  where  the  image 
of  the  object  is  formed  most  distinctly,  which 
is  to  be  nicely  measured  from  the  object-lens, 
and  compi  red  with  the  solar  focus  of  the  lens 
or  telescope,  so  as  to  ascertain  their  difference. 
And  the  rule  for  finding  the  distance  is,  as 
the  difference  between  the  focal  distance  of 
the  object  and  the  solar  focal  distance  is  to 
the  solar  focal  distance,  so  is  the  focal  distance 
of  the  object  to  its  true  distance  from  the  ob- 
ject-lens. An  example  will  render  this  mat- 
ter more  perspicuous : 

Fig.  84. 


Let  A  B  (fig.  84)  be  the  object-lens,  E  Y 
the  eyeglass,  F  C  the  radius,  or  focus  of  the 
lens  A  B,  and  C  f  the  focal  distance  of  the 
object  0  B,  whose  distance  is  to  be  measured. 
Now  suppose  C  J^=48  inches,  or  four  feet, 
and  that  we  find  by  the  above  method  that 
C/is  50  inches,  then  Ffis  two  inches;  and 
the  analogy  is,  as  .F/=2  is  to  C  jP=48,  so 
is  C/=50  to  C  Q  =  1200  inches,  or  100 


feet.  Again,  suppose  C/=49  inches,  then 
will  F  f=l  inch;  and  the  proportion  is, 
1  :  48  :  :  49  :  2352  =  Q  C,  or  196  feet.  A 
telescope  of  this  focal  length,  however,  will 
measure  only  small  distances.  But  suppose 
A  B  a  lens  whose  solar  focus  is  12  feet,  or 
144  inches,  and  that  we  find  by  the  above 
method  that  C  f,  or  the  focal  distance  of  the 
object,  is  146  inches,  then  will  F  f  be  two 
inches,  and  the  proportion  will  be  as  2  :  144  :: 
146:21024  inches,  or  1752  feet  =  the  dis- 
tance Q  C.  If  with  such  a  large  telescope 
we  view  an  object  O  B,  and  find  F  f  but 
T'ffth  of  an  inch,  this  will  give  the  distance  of 
the  object  as  17,292  feet,  or  nearly  3£d 
miles. 

4  D  2  (869) 


152 


THE  PRACTICAL  ASTRONOMER, 


Since  the  difference  between  the  radius  of 
the  object-lens  and  the  focal  distance  of  the 
object  is  so  considerable  as  two  inches  in  a 
tube  of  four  feet,  and  more  than  twelve  inches 
in  one  of  twelve  feet,  a  method  might  be  con- 
trived for  determining  the  distance  of  near 
objects  by  the  former,  and  more  distant  ob- 
jects by  the  latter,  by  inspection  only.  This 
may  be  done  by  adjusting  or  drawing  a  spiral 
line  round  the  drawer  or  tube  through  the 


two-inch  space  in  the  small  telescope,  and  by 
calculation  graduate  it  for  every  100  feet  and 
the  intermediate  inches,  and  then,  at  the 
same  time  we  view  an  object,  we  may  see 
its  distance  on  the  tube.  In  making  such 
experiments,  a  common  object-glass  of  a 
long  focal  length,  and  a  single  eyeglass,  are 
all  that  is  requisite,  since  the  inverted  ap- 
pearance of  the  object  can  cause  no  great  in- 
convenience. 


CHAPTER  VJI. 

On  the  Method  of  Grinding  and  Polishing  Optical  Lenses  and  Specula. 


I  ORIGIN  ALLY  intended  to  enter  into  par- 
ticular details  on  this  subject  for  the  purpose 
of  gratifying  those  mechanics  and  others  who 
wish  to  amuse  themselves  by  constructing 
telescopes  and  other  optical  instruments  for 
their  own  use ;  but,  having  dwelt  so  long  on 
the  subject  of  telescopes  in  the  preceding  pages, 
I  am  constrained  to  confine  myself  to  a  very 
general  sketch. 

1 .  To  grind  and  polish  Lenses  for  Eye- 
glasses, Microscopes,  4r. — First  provide  an  up- 
right spindle,  at  the  bottom  of  which  a  pulley 
is  fixed,  which  must  be  turned  by  a  wheel  by 
means  of  a  cord  and  handle.  At  the  top  of 
the  spindle  make  a  screw  the  same  as  a  lathe- 
spindle,  on  which  you  may  screw  chocks  of 
different  sizes,  to  which  the  brass  tool  in  which 
the  lens  is  to  be  ground  may  be  fixed.  Having 
fixed  upon  the  breadth  and  focal  length  of  the 
lens,  and  whether  it  is  to  be  a  piano  or  a 
double  convex,  take  a  piece  of  tin-plate  or 
sheet  copper,  and  with  a  pair  of  compasses 
draw  an  arch  upon  its  surface,  near  one  of 
its  extremities,  with  a  radius  equal  to  the 
focal  distance  of  the  lens  if  intended  to  be 
double  convex,  or  with  half  that  distance  if  it 
is  to  be  plano-convex.  Remove  with  a  file 
that  part  of  the  copper  which  is  without  the 
circular  arch,  and  then  a  convex  gauge  is 
formed.  With  the  same  radius  strike  another 
arch,  and  having  removed  that  part  of  the 
copper  which  is  within  it,  a  concave  gauge 
will  be  obtained.  The  brass  tool  in  which 
the  glass  is  to  be  ground  is  then  to  be  fixed 
upon  a  turning-lathe,  and  turned  into  a  por- 
tion of  a  concave  sphere,  so  as  to  correspond 
to  the  convex  gauge.  In  order  to  obtain  an 
accurate  figure  to  the  concave  tool,  a  convex 
tool  of  exactly  the  same  radius  is  generally 
formed,  and  they  are  ground  one  upon  another 
with  flour  of  emery,  and  when  they  exactly 
coincide  they  are  fit  for  use.  The  convex 
tool  will  serve  for  grinding  concave  glasses  of 
tne  same  radius ;  and  it  should  be  occasion- 
(870) 


ally  ground  in  the  concave  tool  to  prevent  it 
from  altering  its  figure. 

The  next  thing  to  be  attended  to  is  to  pre- 
pare the  piece  of  glass  which  is  to  be  ground, 
by  chipping  it  in  a  circular  shape  by  means 
of  a  large  pair  of  scissors,  and  removing  the 
roughness  from  its  edges  by  a  common  grind- 
stone. The  faces  of  the  glass  near  the  edges 
should  likewise  be  ground  on  the  grindstone 
till  they  nearly  fit  the  concave  gauge,  by 
which  the  labour  of  grinding  in  the  tool  will 
be  considerably  saved.  The  next  thing  re- 
quired is  to  prepare  the  emery  for  grinding, 
which  is  done  in  the  following  manner :  Pro- 
vide four  or  five  clean  earthen  vessels  :  fill 
one  of  them  with  water,  and  put  into  it  a 
pound  or  half  a  pound  of  fine  emery,  and  stir 
it  about  with  a  stick ;  after  which,  let  it  stand 
three  or  four  seconds,  and  then  pour  it  into 
another  vessel,  which  may  stand  about  ten 
seconds:  then  pour  it  off  again  into  the 
several  vessels  till  the  water  is  quite  clear,  and 
by  this  means  ernery  of  different  degrees  of 
fineness  is  obtained,  which  must  be  kept  sep^- 
rate  from  each  other,  and  worked  in  their 
proper  order,  beginning  at  the  first,  and 
working  off  all  the  marks  of  the  grindstone  ; 
then  take  of  the  second,  next  of  the  third,  &c., 
holding  the  glass  upon  the  pan  or  tool  with  a 
light  hand  when  it  comes  to  be  nearly  fit  for 
polishing.  The  glass,  in  this  operation,  should 
be  cemented  to  a  wooden  handle  by  means 
of  pitch  or  other  strong  cement.  After  the 
finest  emery  has  been  used,  the  roughness 
which  remains  may  be  taken  away,  and  a 
slight  polish  given,  by  grinding  the  glass  with 
pounded  pumice-stone.  Before  proceeding  to 
the  polishing,  the  glass  should  be  ground  as 
smooth  as  possible,  and  all  the  scratches 
erased,  otherwise  the  polishing  will  become  a 
tedious  process.  The  polishing  is  performed 
as  follows :  Tie  a  piece  of  linen  rag  or  fine 
cloth  about  the  tool,  and  with  fine  putty  (cal- 
cined tin)  or  colcothar  of  vitriol  (a  very  fine 
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powder,  sometimes  called  the  red  oxide  of 
iron.)  moistened  with  water,  continue  the 
grinding  motion,  and  in  a  short  time  there 
will  be  an  excellent  polish. 

In  order  to  grind  lenses  very  accurately  for 
the  finest  optical  purposes,  particularly  object- 
glasses  for  telescopes,  the  concave  tool  is 
firmly  fixed  to  a  table  or  bench,  and  the  glass 
wrought  upon  it  by  the  hand  with  circular 
strokes,  so  that  its  centre  may  never  go  be- 
yond the  edges  of  the  tool.  For  every  six  or 
seven  circular  strokes,  the  glass  should  re- 
ceive two  or  three  cross  ones  along  the  di- 
ameter of  the  tool,  and  in  different  directions ; 
and,  while  the  operation  is  going  on,  the  con- 
vex tool  should,  at  the  end  of  five  minutes,  be 
wrought  upon  the  concave  one  for  a  few 
seconds,  in  order  to  preserve  the  same  curva- 
ture to  the  tools  and  to  the  glass.  The  finest 
polish  is  generally  given  in  the  following  way  : 
Cover  the  concave  tool  with  a  layer  of  pitch, 
hardened  by  the  addition  of  a  little  rosin,  to 
the  thickness  of  Jyth  of  an  inch ;  then,  having 
taken  a  piece  of  thin  writing  paper,  press  it 
upon  the  surface  of  the  pitch  with  the  convex 
tool,  and  pull  the  paper  quickly  from  the  pitch 
before  it  has  adhered  to  it ;  and  if  the  surface 
of  the  pitch  is  marked  every  where  with  the 
lines  of  the  paper,  it  will  be  truly  spherical. 
If  any  paper  remains  on  the  surface  of  the 
pitch,  it  may  be  rubbed  off  by  soap  and  water; 
and  if  the  marks  of  the  paper  should  not  ap- 
pear on  any  part  of  it,  the  operation  must  be 
repeated  till  the  polisher  or  bed  of  pitch  is  ac- 
curately spherical.  The  glass  is  then  to  be 
wrought  on  the  polisher  by  circular  and  cross 
strokes  with  the  putty  or  colcothar  till  it  has 
received  a  complete  polish.  When  one  side 
is  finished,  the  glass  must  be  separated  from 
its  handle  by  inserting  the  point  of  a  knife 
between  it  and  the  pitch,  and  giving  it  a  gentle 
stroke.  The  pitch  which  remains  upon  the 
glass  may  be  removed  by  rubbing  it  with  a 
little  oil,  or  spirits  of  wine.  The  operation 
of  polishing  on  cloth  is  slower,  and  the  polish 
less  perfect  than  on  pitch ;  but  it  is  a  mode 
best  fitted  for  those  who  have  little  experi- 
ence, and  who  would  be  apt,  in  the  first  in- 
stance, to  injure  the  figure  of  the  lens  by 
polishing  it  on  a  bed  of  pitch. 

2.  On  the  Method  of  casting  and  grinding 
the  Specula  of  Reflecting  Telescopes. — The 
first  thing  to  be  considered  in  the  formation 
of  reflecting  telescopes  is  the  composition  of 
the  metal  of  which  the  specula  are  made. 
The  qualities  required  are,  a  sound,  uniform 
mefal,  free  from  all  microscopic  porr  -not 
liable  to  tarnish  by  absorption  of  moisture  from 
the  atmosphere — not  so  hard  as  to  be  incapa- 
ble of  taking  a  good  figure  and  polish,  nor  so 
soft  as  to  be  easily  scratched,  and  possessing 
a  high  reflecting  power.  Various  composi- 


tions have  been  used  for  this  purpose,  of  which 
the  following  are  specimens :  Take  of  good 
Swedish  copper  32  ounces,  and  when  melted, 
add  14^  ounces  of  grain  tin  to  it ;  then,  having 
taken  off  the  scoria,  cast  it  into  an  ingot.  This 
metal  must  be  a  second  time  melted  to  cast  a 
speculum;  but  it  will  fuse  in  this  Compound 
state  with  a  small  heat,  and  therefore  will  not 
calcine  the  tin  to  putty.  It  should  be  poured 
off  as  soon  as  it  is  melted,  giving  it  no  more 
heat  than  is  absolutely  necessary.  The  best 
method  for  giving  the  melted  metal  a  good 
surface  is  this :  the  moment  before  it  is  poured 
off,  throw  into  the  crucible  a  spoonful  of  char- 
coal-dust ;  immediately  after  which,  the  metal 
must  be  stirred  with  a  wooden  spatula  and 
poured  into  the  moulds.  The  following  is 
another  composition  somewhat  similar :  Take 
two  parts  of  copper  as  pure  as  it  is  possible  to 
procure  :  this  must  be  melted  in  a  crucible  by 
itself;  then  put,  in  another  crucible,  one  part 
of  pure  grain  tin  :  when  they  are  both  melted, 
mix  and  stir  them  with  a  wooden  spatula, 
keeping  a  good  flux  on  the  melted  surface  to 
prevent  oxidation,  and  then  pour  the  metal 
quickly  into  the  moulds,  which  may  be  made 
of  founder's  loam. 

The  composition  suggested,  more  than  half 
a  century  ago,  by  the  Rev.  Mr.  Edwards,  has 
often  been  referred  to  with  peculiar  approba- 
tion. This  gentleman  took  a  great  deal  of 
pains  to  discover  the  best  composition,  and  to 
give  his  metals  a  fine  polish  and  the  true 
parabolical  figure.  His  telescopes  were  tried 
by  Dr.  Maskelyne,  the  astronomer  royal,  who 
found  them  greatly  to  excel  in  brightness,  and 
to  equal  in  other  respects  those  made  by  the 
best  artists.  They  showed  a  white  object  per- 
fectly white,  and  all  objects  of  th°ir  proper 
colour.  He  found,  after  trying  va._  com- 
binations, the  following  to  be  the  best,  name*} , 
32  ounces  of  copper,  with  15  or  16  ounces  of 
grain  tin  (according  to  the  purity  of  the  cop- 
per,) with  the  addition  of  one  ounce  of  brass, 
one  of  silver,  and  one  ounce  of  arsenic.  This, 
he  affirms,  will  form  a  metal  capable,  when 
polished  in  a  proper  manner,  of  reflecting 
more  light  than  any  other  metal  yet  made 
public. 

The  Rev.  J.  Little,  in  his  observations  on 
this  subject  in  the  "  Irish  Transactions,"  pro- 
poses the  following  composition,  which  he 
found  to  answer  the  purpose  better  than  any 
he  had  tried,  namely,  32  parts  of  best  bar  cop- 
per, previously  fluxed  with  the  black  flux  of  two 
parts  tartar  and  one  of  nitre,  four  parts  of  brass, 
1 6  parts  of  tin,  and  l£  of  arsenic.  If  the  metal  be 
granulated,  by  pouring  it,  when  first  melted,  into 
water,  and  then  fused  a  second  time,  it  will 
be  less  porous  than  at  first.  In  this  process, 
the  chief  object  is  to  hit  on  the  exact  point  of 
the  saturation  of  the  copper,  &c.,  by  the  tin; 
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for  if  the  latter  be  added  in  too  great  quantity, 
the  metal  will  be  dull  coloured  and  soft ;  if 
too  little,  it  will  not  attain  the  most  perfect 
whiteness,  and  will  certainly  tarnish.* 

When  the  metal  is  cast,  and  prepared  by 
the  common  grindstone  for  receiving  its  pro- 
per figure,  the  gauges  and  grinding-tools  are 
to  be  formed  in  the  same  manner  as  formerly 
described  for  lenses,  with  this  difference,  that 
the  radius  of  the  gauges  must  always  be  double 
the  focal  length  of  the  speculum,  as  the  focus 
of  parallel  rays  by  reflection  is  at  one  half  the 
radius  of  concavity.  la  addition  to  the  con- 
cave and  convex  tools,  which  should  be  only 
a  little  broader  than  the  metal  itself,  a  convex 
elliptical  tool  of  lead  and  tin  should  be  formed 
with  the  same  radius,  so  that  its  transverse 
should  be  to  its  conjugate  diameter  as  10  to 
9,  the  latter  being  exactly  equal  to  the  diame- 
ter of  the,  metal.  The  grinding  of  the  specu- 
lum is  then  to  be  commenced  on  this  tool 
with  coarse  emery  powder  and  water,  when 
the  roughness  is  taken  off  by  moving  the 
speculum  across  the  tool  in  different  direc- 
tions, walking  round  the  post  on  which  the 
tool  is  fixed,  holding  the  speculum  by  the 
wooden  handle  to  which  it  is  cemented ;  it  is 
then  to  be  wrought  with  great  care  on  the 
convex  brass  tool,  with  circular  and  cross 
strokes,  and  with  emery  of  different  degrees — 
the  concave  tool  being  sometimes  ground  upon 
the  convex  one,  to  keep  them  all  of  the  same 
radius — and  when  every  scratch  is  removed 
from  its  surface,  it  will  be  fit  for  receiving  the 
final  polish. 

When  the  metal  is  ready  for  polishing,  the 
elliptical  tool  is  to  be  covered  with  black  pitch 
about  j»ffth  of  an  inch  thick,  and  the  polisher 
formed  in  the  same  way  as  in  the  case  of 
lenses  .ier  with  the  concave  brass  tool  or 
.,iin  me  metal  itself.  The  colcothar  of  vitriol 
should  then  be  triturated  between  two  sur- 
faces of  glass,  and  a  considerable  quantity  of 
it  applied  at  first  to  the  surface  of  the  polisher. 
The  speculum  is  then  to  be  wrought  in  the 
usual  way  upon  the  polishing  tool  till  it  has 
received  a  brilliant  lustre,  taking  care  to  use 
no  more  of  the  colcothar,  if  it  can  be  avoided, 
and  only  a  small  quantity  of  it,  if  it  should  be 
found  necessary.  When  the  metal  moves 
stiffly  on  the  polisher,  and  the  colcothar  as- 
sumes a  dark,  muddy  hue,  the  polish  advances 
with  great  rapidity.  The  tool  will  then  grow 
warm,  and  would  probably  stick  to  the  specu- 
lum if  its  motion  were  discontinued  for  a  mo- 
ment. At  this  stage  of  the  process,  therefore, 
we  must  proceed  with  great  caution,  breathing 
continually  on  the  polisher  till  the  friction  is 
so  great  as.  to  retard  the  motion  of  the  specu- 
lum. When  this  happens,  the  metal  is  to  be 

*  Irish  Transactions,  vol.  x.   and  Nicholson's 
Philosophical  Journal,  vol.  xvi. 
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slipped  off  the  tool  at  one  side,  cleaned  wita 
soft  leather,  and  placed  in  a  tube  for  the  pur- 
pose of  trying  its  performance;  and  if  the 
polishing  has  been  conducted  with  care,  it  will 
be  found  to  have  a  true  parabolic  figure.j- 

It  was  formerly  the  practice,  before  the  spe- 
culum was  brought  to  the  polisher,  to  smooth 
it  on  a  bed  of  hones,  or  a  convex  tool  made 
of  the  best  blue  stone,  such  as  clockmakers 
use  in  polishing  their  work,  which  was  made 
one-fourth  part  larger  than  the  metal  which 
was  to  be  ground  upon  it,  and  turned  as  true 
as  possible  to  a  gauge ;  but  this  tool  is  not 
generally  considered  as  absolutely  necessary, 
except  when  silver  and  brass  enter  into  the 
composition  of  the  metal,  in  order  to  remove 
the  roughness  which  remains  after  grinding 
with  the  emery. 

To  try  the  Figure  of  the  Metal. — In  order 
to  this,  the  speculum  must  be  placed  in  the 
tube  of  the  telescope  for  which  it  is  intended, 
and  at  about  20  or  30  yards  distant  there 
should  be  put  up  a  watch-paper,  or  similar 
object,  on  which  there  are  some  very  fine 
strokes  of  an  engraver.  An  annular  kind  of 
diagram  should  be  made  with  card-paper,  so 
as  to  cover  a  circular  portion  of  the  middle 
part  of  the  speculum,  between  the  hole  and 
the  circumference,  equal  in  breadth  to  about 
one-eighth  of  its  diameter.  This  paper  ring 
should  be  fixed  in  the  mouth  of  the  telescope, 
and  remain  so  during  the  whole  experiment. 
There  must  likewise  be  two  other  circular 
pieces  of  card-paper  cut  out,  of  such  sizes  that 
one  may  cover  the  centre  of  the  metal  by  com- 
pletely filling  the  hole  in  the  annular  piece 
now  described,  and  the  other  such  a  round 
piece  as  shall  exactly  fill  the  tube,  and  so 
broad  as  that  the  inner  edge  just  touches  the 
outward  circumference  of  the  middle  annular 
piece.  All  these  pieces  together  will  com- 
pletely shut  -up  the  mouth  of  the  telescope. 
Let  the  round  piece  which  covers  the  centre 
of  the  metal  be  removed,  and  adjust  the  in- 
strument so  that  the  image  may  be  as  sharp 
and  distinct  as  possible ;  then  replace  the  cen- 
tral piece,  and  remove  the  outside  annular 
one,  by  which  means  the  circumference  only 
of  the  speculum  will  be  exposed,  and  the 
image  now  formed  will  be  from  the  rays  re- 
flected from  the  exterior  side  of  the  metal.  If 
the  two  images  formed  by  these  two  portions 
of  the  metal  be  perfectly  sharp  and  equally 
distinct,  the  speculum  is  perfect  and  of  the 
true  parabolic  curve  ;  if,  on  the  contrary,  the 
image  from  the  outside  of  the  metal  should 
not  bt,  distinct,  and  it  should  be  necessary  to 
bring  tae  little  speculum  nearer  by  the  screw, 
the  metbl  is  not  yet  brought  to  the  parabolic 
figure ;  bit  if,  in  order  to  procure  distinctness, 

f  Brewste  ''a  Appendix  to  "  Ferguson's  Lec- 
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we  be  obliged  to  move  the  small  speculum 
further  off,  then  the  figure  of  the  great  specu- 
lum has  been  carried  beyond  the  parabolic, 
and  has  assumed  the  hyperbolic  form. 

To  adjust  Ike  Eyehole  of  Gregorian  Re- 
flectors.— If  there  K  only  one  eyeglass,  then 
the  distance  of  the  small  hole  should  be  as 
nearly  as  possible  equal  to  its  focal  length; 
but  in  the  compound  Huygenian  eyepiece, 
the  distance  of  the  eyehole  may  be  thus 
found :  Multiply  the  difference  between  the 
focal  distance  of  the  glass  next  to  the  specu- 
lum, and  the  distance  of  the  two  eyeglasses, 
by  the  focal  distance  of  the  glass  nearest  the 
eye;  divide  the  product  by  the  sum  of  the 
focal  distances  of  the  two  lenses,  lessened  by 
their  distance,  and  the  quotient  will  be  the 
compound  focal  distance  required.  Thus,  if 
the  focal  distance  of  the  lens  next  the  specu- 
lum be  three  inches,  that  of  the  lens  next  the 
eye  one  inch,  and  their  distance  two  inches, 
then  the  compound  focal  distance  from  the 
eyeglass  will  be^±£=£  inch.  The  dia- 
meter of  the  eyehole  is  always  equal  to  the 
quotient  obtained  by  dividing  the  diameter  of 
the  great  speculum  by  the  magnifying  power 
of  the  telescope.  It  is  generally  from  jrjth  to 
^g- th  of  an  inch  in  diameter.  It  is  necessary, 
in  many  cases,  to  obtain  from  direct  experi- 
ment an  accurate  determination  of  the  place 
and  size  of  the  eyehole,  as  on  this  circum- 
stance depends,  in  a  certain  degree,  the  accu- 
rate performance  of  the  instrument. 

To  centre  the  two  Specula  of  Gregorian 
Reflectors. — Extend  two  fine  threads  or  wires 
across  the  aperture  of  the  tube  at  right  angles, 
so  as  to  intersect  each  other  exactly  in  the 


axis  of  the  telescope.  Before  the  arm  is 
finally  fastened  to  the  slider,  place  it  in  the 
tube,  and  through  the  eyepiece  (without 
glasses)  the  intersection  of  the  cross-wires 
must  be  seen  exactly  in  the  centre  of  the  hole 
of  the  arm.  When  this  exactness  is  obtained, 
let  the  arm  be  firmly  riveted  and  soldered  to 
the  slider. 

To  centre  Lenses. — The  centring  of  lenses 
is  of  great  importance,  more  especially  for  the 
object-glasses  of  achromatic  instruments.  The 
following  is  reckoned  a  good  method  :  Let  the 
lens  to  be  centred  be  cemented  on  a  brass 
chuck,  having  the  middle  turned  away  so  as 
not  to  touch  the  lens  except  near  the  edge, 
which  will  be  hid  when  mounted.  This  rim 
is  very  accurately  turned  flat  where  it  is  to 
touch  the  glass.  When  the  chuck  and  cement 
is  warm,  it  is  made  to  revolve  rapidly ;  while 
in  motion,  a  lighted  candle  is  brought  before 
it,  and  its  reflected  image  attentively  watched. 
If  this  image  has  any  motion,  the  lens  is  not 
flat  or  central ;  a  piece  of  soft  wood  must 
therefore  be  applied  to  it  in  the  manner  of  a 
turning  tool,  till  such  time  as  the  light  be- 
comes stationary.  When  the  whole  has  cooled, 
the  edges  of  the  lens  must  be  turned  by  a  dia- 
mond, or  ground  with  emery. 

For  more  particular  details  in  reference  to 
grinding  and  polifehing  specula  and  lenses, 
the  reader  is  referred  to  Smith's  "  Complete 
System  of  Optics,"  Imison's  "  School  of  Arts," 
Huy 'genii  Opera,  Brewster's  Appendix  to 
"  Ferguson's  Lectures,"  "  Irish  Transactions," 
vol.  x.,  or  "  Nicholson's  Journal,"  vol.  xvi. 
Nos.  65,  66,  for  January  and  February, 
1807. 


PART    III. 

ON  VARIOUS   ASTRONOMICAL   INSTRUMENTS. 


CHAPTER  I. 

On  Micrometers. 

A  MicnoMETEu  is  an  instrument  attached  There  are  various  descriptions  of  these 
to  a  telescope,  in  order  to  measure  small  instruments,  constructed  with  different  sub- 
spaces  in  the  heavens,  such  as  the  spaces  be-  stances  and  in  various  forms,  of  which  the 
tween  two  stars,  and  the  diameters  of  the  sun,  following  constitute  the  principal  variety: 
moon,  and  planets  ;  and  by  the  help  of  which,  the  Wire  Micrometer — the  Spider' 's-line  Mi- 
the  apparent  magnitude  of  all  objects  viewed  crometer — the  Polymetric  Reticle — Divided 
through  telescopes  may  be  measured  with  Object-glass  Micrometer — Divided  Ei/eg/ass 
great  exactness.  Micrometer — Ramsden's  Catoptric  Microme- 
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ter — Rochon's  Crystal  Micrometer — Maske- 
ly  lie's  Prismatic  Micrometer — Brewster's  Mi- 
cromctrical  Telescope— Sir  W.  Herschel's 
Lamp  Micrometer — Cavallo's  Molher-of- 
Pearl  Micrometer,  and  several  others;  but, 
instead  of  attempting  even  a  general  descrip- 
tion of  these  instruments,  I  shall  confine  my- 
self merely  to  a  very  brief  description  of 
Cavallo's  Micrometer,  as  its  construction  will 
be  easily  understood  by  the  general  reader,  as 
it  is  one  of  the  most  simple  of  these  instru- 
ments, and  is  so  cheap  as  to  be  procured  for  a 
few  shillings,  while  some  of  the  instruments 
now  mentioned  are  so  expensive  as  to  cost 
nearly  as  much  as  a  tolerably  good  telescope.* 

This  micrometer  consists  of  a  thin  and 
narrow  slip  of  mother-of-pearl  finely  divided, 
which  is  placed  in  the  focus  of  the  eyeglass 
of  a  telescope,  just  where  the  image  of  the 
object  is  formed  ;  and  it  may  be  applied  either 
to  a  reflecting  or  a  refracting  telescope,  pro- 
vided the  eyeglass  be  a  convex  lens.  It  is 
about  the  twentieth  part  of  an  inch  broad,  and 
of  the  thickness  of  common  writing  paper, 
divided  into  equal  parts  by  parallel  lines, 
every  fifth  and  tenth  of  which  is  a  little  longer 
than  the  rest.  The  simplest  way  of  fixing  it 
is  to  stick  it  upon  the  diaphragm,  which  gene- 
rally stands  within  the  tube,  and  in  the  focus 
of  the  eyeglass.  When  thus  fixed,  if  you 
look  through  the  eyeglass,  the  divisions  of  the 
micrometrical  scale  will  appear  very  distinct, 
unless  the  diaphragm  is  not  exactly  in  the 
focus  of  the  eyeglass,  in  which  case  it  must 
be  moved  to  the  proper  place ;  or  the  micro- 
meter may  be  placed  exactly  in  the  focus  of 
the  eyelens  by  the  interposition  of  a  circular 
piece  of  paper,  card,  or  by  means  of  wax.  If 
a  person  should  not  like  to  see  always  the 
micrometer  in  the  field  of  the  telescope,  then 
the  micrometrical  scale,  instead  of  being 
fixed  to  the  diaphragm,  may  be  fitted  to  a 
circular  perforated  plate  of  brass,  of  wood,  or 
even  of  paper,  which  may  be  occasionally 
placed  upon  the  said  diaphragm.  One  of 
these  micrometers,  in  my  possession,  which 
contains  600  divisions  in  an  inch,  is  fitted  up 
in  a  separate  eyetube,  with  a  glass  peculiar  to 
itself,  which  slides  into  the  eyepiece  of  the  tele- 
scope when  its  own  proper  glass  is  taken  out. 

To  ascertain  the  Value  of  the  Divi- 
sions of  this  Micrometer. — Direct  the 
telescope  to  the  sun,  and  observe  how 
many  divisions  of  the  micrometer  mea- 
sure its  diameter  exactly ;  then  take  out 
of  the  Nautical  Almanac  the  diameter 
of  the  sun  for  the  day  on  which  the  obser- 
vation is  made ;  divide  it  by  the  above-men- 

*  A  particular  description  of  the  micrometers 
here  enumerated,  and  'several  others,  will  he 
found  in  Dr.  Pearson's  "Introduction  to  Practical 
Astronomy,"  vol.  ii. 
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tioned  number  of  divisions,  and  the  quotient 
is  the  value  of  one  division  of  the  micro- 
meter. Thus,  suppose  that  26£  divisions  of 
the  micrometer  measure  the  diameter  of  the 
sun,  and  that  the  Nautical  Almanac  gives  for 
the  measure  of  the  same  diameter  31'  22",  or 
1822"  :  divide  1822  by  26.5,  and  the  quotient 
is  71",  or  1'  llv,  which  is  the  value  of  one 
division  of  the  micrometer,  the  double  of  which 
is  the  value  of  two  divisions,  and  so  on.  The 
value  of  the  divisions  may  likewise  be  ascer- 
tained by  the  passage  of  an  equatorial  star 
over  a  certain  number  of  divisions  in  a  certain 
time.  The  stars  best  situated  for  this  purpose 
are  such  as  the  following :  6  in  the  Whale,  R. 
A.  37°  3£',  Dec.  37'  50"  S. ;  8  in  Orion,  R. 
A.  80°  11'  42",  Dec.  28'  40"  S. ;  v  in  .the 
Lion,  R.  A.  171°  25'  21",  Dec.  23'  22"  N.; 
vi  in  Virgo,  R.  A.  182°  10',  Dec.  33'  27"  N. 
But  the  following  is  the  most  easy  and  accu- 
rate method  of  determining  the  value  of  the 
divisions. 

Mark  upon  a  wall  or  other  place  the  length 
of  six  inches,  which  may  be  done  by  making 
two  dots  or  lines  six  inches  asunder,  or  by 
fixing  a  six  inch  ruler  upon  a  stand.  Then 
place  the  telescope  before  it,  so  that  the  ruler 
or  six-inch  length  may  be  at  right  angles 
with  the  direction  of  the  telescope,  and  just 
57  feet  3^  inches  distant  from  the  object-glass 
of  the  telescope ;  this  done,  look  through  the 
telescope  at  the  ruler,  or  other  extension  of 
six  inches,  and  observe  how  many  divisions 
of  the  micrometer  are  equal  to  it,  and  that 
same  number  of  divisions  is  equal  to  half  a 
degree,  or  30' ;  and  this  is  all  that  is  neces- 
sary for  the  required  determination ;  the  rea- 
son of  which  is,  because  an  extension  of  six 
inches  subtends  an  angle  of  30'  at  the  dis- 
tance of  57  feet  3£  inches,  as  may  be  easily 
calculated  from  the  rules  of  Plane  Trigono- 
metry 

Fig.  85  exhibits  this  micrometer  scale,  but 
shows  it  four  times  larger  than  the  real  size  of 
one  which  was  adapted  to  a  three-feet  achroma- 
tic telescope  magnifying  84  times.  The  divi- 
sions upon  it  are  the  200ths  of  an  inch,  which 
reach  from  one  edge  of  the  scale  to  about  the 
middle  of  it,  excepting  every  fifth  and  tenth  di- 
vision, which  are  longer.  Two  divisions  of  this 

Fig.  85. 


scale  are  very  nearly  equal  to  one  minute  : 
and  as  a  quarter  of  one  of  these  divisions 
may  be  distinguished  by  estima'ion,  therefore 
an  angle  of  one-eighth  of  a  minute,  or  of  7£", 
may  be  measured  with  it.  When  a  telescope 
magnifies  more,  the  divisions  of  the  microme- 
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ter  must  be  more  minute.  When  the  focus  of 
the  eyeglass  of  the  telescope  is  shorter  than 
half  an  inch,  the  micrometer  may  be  divided 
with  the  500ths  of  an  inch  ;  by  means  of 
which,  and  the  telescope  magnifying  about 
200  times,  one  may  easily  and  accurately  mea- 
sure an  angle  smaller  than  half  a  second. 
On  the  other  hand,  when  the  telescope  does 
not  magnify  above  30  times,  the  divisions 
need  not  be  so  minute.  In  one  of  Dollond's 
pocket  telescopes,  which,  when  drawn  out  for 
use,  is  only  14  inches  long,  a  micrometer  with 
the  hundredths  of  an  inch  is  quite  sufficient, 
and  one  of  its  divisions  is  equal  to  little  less 
than  three  minutes,  so  that  an  angle  of  a 
minute  may  be  measured  by  it.  Supposing 
11£  of  those  divisions  equal  to  30',  or  23  to  a 
degree,  any  other  angle  measured  by  any 
other  number  of  divisions  is  determined  by 
proportion.  Thus,  suppose  the  diameter  of 
the  sun,  seen  through  the  same  telescope,  be 
found  equal  to  12  divisions,  say,  as  11^  divi- 
sions are  to  30  minutes,  so  are  12  divisions  to 

(  '  2'    3°)  31.3,  which  is  the  required  diameter 

of  the  sun. 

Practical  Uses  of  this  Micrometer. — This 
micrometer  may  be  applied  to  the  following 
purposes;  1.  For  measuring  the  apparent 
diameters  of  the  sun,  moon,  and  planets.  2. 
For  measuring  the  apparent  distances  of  the 
satellites  from  their  primaries.  3.  For  mea- 
suring the  cusps  of  the  moon  in  eclipses.  4. 
For  measuring  the  apparent  distances  between 
two  contiguous  stars — between  a  star  and  a 
planet — between  a  star  and  the  moon — or  be- 
tween a  comet  and  the  contiguous  stars,  so  as 
to  determine  its  path.  5.  For  finding  the  dif- 
ference of  declination  of  contiguous  stars, 
when  they  have  nearly  the  same  right  ascen- 
sion. 6.  For  measuring  the  small  elevations 
or  depressions  of  objects  above  and  below  the 
horizon.  7.  For  measuring  the  proportional 
parts  of  buildings,  and  other  objects  in  per- 
spective drawing.  8.  For  ascertaining  whether 
a  ship  at  sea,  or  any  moving  object,  is  coming 
nearer  or  going  further  off;  for  if  the  angle 
subtended  by  the  object  appears  to  increase,  it 
shows  that  the  object  is  coming  nearer,  and 
if  the  angle  appears  to  decrease,  it  indicates 
that  the  object  is  receding  from  us.  9.  For 
ascertaining  the  real  distances  of  objects  of 
known  extension,  and  hence  to  measure 
heights,  depths,  and  horizontal  distances.  10. 
For  measuring  the  real  extensions  of  objects 
when  their  distances  are  known.  11.  For 
measuring  the  distance  and  size  of  an  object 
when  neither  of  them  is  known. 

When  the  micrometer  is  adapted  to  those 
telescopes  which  have  four  glasses  in  the  eye- 
tube,  and  when  the  eyetube  only  is  used,  it 
may  be  applied  to  the  following  purposes :  1. 


For  measuring  the  real  or  lineal  dimensions 
of  small  objects,  instead  of  the  angles ;  for 
if  the  tube  be  unscrewed  from  the  rest  of  the 
telescope,  and  applied  to  small  objects,  it  will 
serve  for  a  microscope,  having  a  considerable 
magnifying  power,  as  we  have  already  shown 
(p.  124;)  and  the  micrometer,  in  that  case, 
will  measure  the  lineal  dimensions  of  the  ob- 
ject, as  the  diameter  of  a  hair,  the  length  of 
a  flea,  or  the  limbs  of  an  insect.  In  order  to 
find  the  value  of  the  divisions  for  this  purpose, 
we  need  only  apply  a  ruler,  divided  into  tenths 
of  an  inch,  to  the  end  of  the  tube,  and  look- 
ing through  the  tube,  observe  how  many  di- 
visions of  the  micrometer  measure  one-tenth 
of  an  inch  on  the  ruler,  which  will  give  the 
required  value.  Thus,  if  30  divisions  are 
equal  to  T'5th  of  an  inch,  300  of  them  must 
be  equal  to  the  300th  part  of  an  inch.  2. 
For  measuring  the  magnify  ing  power  of  other 
telescopes.  This  is  done  by  measuring  the 
diameter  of  the  pencil  of  light  at  the  eye-end 
of  the  telescope  in  question ;  for,  if  we  divide 
the  diameter  of  the  object-lens  by  the  diameter 
of  this  pencil  of  light,  the  quotient  will  ex- 
press how  many  times  that  telescope  magni- 
fies in  diameter.  Thus,  suppose  that  300 
divisions  of  the  micrometer  are  equal  to  the 
apparent  extension  of  one  inch — that  the 
pencil  of  light  is  measured  by  four  of  these 
divisions — and  that  the  diameter  of  the  object- 
lens  measures  one  inch  and  two  tenths  :  Mul- 
tiply 1.2  by  300,  and  the  product  360,  divided 
by  4,  gives  90  for  the  magnifying  power  of 
the  telescope. 

Problems  which  may  be  solved  by  this 
Micrometer. —  1.  The  angle — not  exceeding 
one  degree — which  is  subtended  by  an  exten- 
sion of  one  foot,  being  given,  to  find  its  dis- 
tance from  the  place  of  observation :  Rule  1. 
If  the  angle  be  expressed  in  minutes,  say,  as 
the  given  angle  is  to  60,  so  is  687.55  to  a 
fourth  proportional,  which  gives  the  answer 
in  inches.  2.  If  the  angle  be  expressed  in 
seconds,  say,  as  the  given  angle  is  to  3600,  so 
is  687.55  to  a  fourth  proportional,  which  ex- 
presses the  answer  in  inches.  3.  If  the  angle 
be  expressed  in  minutes  and  seconds,  turn  it 
all  into  seconds,  proceed  as  above.  Example: 
At  what  distance  is  a  globe  of  one  foot  in 
diameter  when  it  subtends  an  angle  of  two 
seconds?  2  :  3600  :  :  687.55  :  »«««*;««*•*« 
=  1237596  inches,  or  103132^  feet=the  an- 
swer required.  II.  The  angle  which  is  sub- 
tended by  any  known  extension  being  given, 
to  find  its  distance  from  the  place  of  observa- 
tion :  Rule :  Proceed  as  if  the  extension  were 
of  one  foot,  by  Problem  L,  and  call  the  an- 
swer B  ;  then,  if  the  extension  in  question  be 
expressed  in  inches,  say  as  12  inches  are  to 
that  extension,  so  is  B  to  a  fourth  proportional, 
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which  is  the  answer  in  inches.  But  if  the  ex- 
tension in  question  be  expressed  in  feet,  then 
tve  need  only  multiply  it  by  B,  and  the  pro- 
duct is  the  answer  in  inches.  Example:  At 
what  distance  is  a  man  six  feet  high  when  he 
appears  to  subtend  an  angle  of  30"  ]  By  Pro- 
blem I.,  if  the  man  were  one  foot  high  the 
distance  would  be  82506  inches ;  but  as  he  is 
six  feet  high  therefore  multiply  82506  by  6, 
and  the  product  is  the  required  distance, 
namely,  495036  inches,  or  41253  feet. 

For  greater  convenience,  especially  in  tra- 
velling, when  one  has  not  the  opportunity  of 
making  such  calculations,  the  following  two 
tables  have  been  calculated,  the  first  of  which 
shows  the  distance  answering  to  any  angle 
from  one  minute  to  one  degree,  which  is  sub- 
tended by  a  man  whose  height  is  considered 
an  extension  of  six  feet,  because  at  a  mean, 
such  is  the  height  of  a  man  when  dressed 
with  hat  and  shoes  on.  These  tables  may  be 
transcribed  on  a  card,  and  may  be  kept  always 
ready  with  a  pocket  telescope  furnished  with 


a  micrometer.  Their  use  is  to  ascertain  dis- 
tances without  any  calculations ;  and  they 
are  calculated  only  to  minutes,  because  with 
a  pocket  telescope  and  micrometer  it  is  not 
possible  to  measure  an  angle  more  accurately 
than  to  a  minute.  Thus,  if  we  want  to  mea- 
sure the  extension  of  a  street,  let  a  foot  ruler 
be  placed  at  the  end  of  the  street ;  measure 
the  angular  appearance  of  it,  which  suppose 
to  be  36',  and  in  the  table  we  have  the  re- 
quired distance  against  36',  which  is  954 
feet.  Thus,  also,  a  man  who  appears  to  be 
49'  high  is  at  the  distance  of  421  feet. 
Again  :  Suppose  the  trunk  of  a  tree,  which 
is  known  to  be  three  feet  in  diameter,  be  ob- 
served to  subtend  an  angle  of  94/.  Take  the 
number  answering  to  9'  out  of  the  table, 
namely,  382,  and  subtract  from  it  a  propor- 
tional part  for  the  half  minute,  namely,  19.1, 
which,  subtracted  from  382,  leaves  362.9. 
This  multiplied  by  3,  the  diameter  of  the 
tree,  produces  1087,  7  feet  =  the  distance 
from  the  object  end  of  the  telescope. 


Angles  iublende.1  by  an  extension  ol  one  foot  at 
different  distances. 

F      Angles  suutendrd  by  an  mention  of  tixfut  at 
different  distances. 

An?l«  in 
minutes. 

Distances  in.   Angles  in 
feet.       {     niinu'es. 

Distances  in 
fee'. 

Angles  in 
minuter 

Distance?  in 
feet. 

Ati'l-sio 

niiiurn. 

Dislancee  io! 
feel. 

1 

3438 

31 

110  9 

1 

20626.8 

31 

665.4 

2 

1719 

32 

107.4 

2 

10313 

32 

6445 

3 

1146 

33 

104.2 

3 

6875.4 

33 

625 

4 

859.4 

34 

101.1 

4 

5156.5 

34 

606.6 

5 

687.5 

35 

98.2 

5 

4125.2 

35 

589.3 

6 

572.9 

36 

95.5 

6 

3437.7 

36 

572.9 

7 

491.1 

37 

92.9 

7 

2916.6 

37 

557.5 

8 

429.7 

38 

90.4 

8 

2578.2 

38 

542.8 

9 

382 

39 

88.1 

9 

2291.8 

39 

528.9 

10 

343.7 

40 

85.9 

10 

2062.6 

40 

515.6 

11 

312.5 

41 

83.8 

11 

1875.2 

41 

503.1 

12 

286.5 

42 

81.8 

12 

1718.8 

42 

491.1 

13 

264.4 

,  43 

79.9 

13 

1586.7 

43 

479.7 

14 

245.5 

44 

78.1 

14 

1473.3 

44 

468.8 

15 

229.2 

45 

76.4 

15 

1375 

45 

458.4 

16 

214.8 

46 

74.7 

16 

1298.1 

46 

448.4 

17 

202.2 

47 

73.1 

17 

1213.3 

47 

438.9 

18 

101 

48 

71.6 

18 

1145.9 

48 

429.7 

19 

181 

49 

70.1 

19 

1085.6 

49 

421 

20 

171.8 

50 

68.7 

20 

1031.4 

50 

412.5 

21 

162.7 

51 

67.4 

21 

982.2 

51 

404.4 

22 

1562 

52 

66.1 

22 

937.6 

52 

396.7 

23 

149.4 

53 

64.8 

23 

896.8 

53 

389.2 

24 

143.2 

54 

63.6 

24 

859.4 

54 

381.9 

25 

137.5 

55 

62.5 

25 

825 

55 

375 

26 

132.2 

56 

61.4 

26 

793.3 

56 

368.3 

27 

127.3 

57 

60.3 

27 

763.9 

57 

361.9 

28 

122.7 

58 

59.1 

28 

736.6 

58 

355.6 

29 

118.5 

59 

58.2 

29 

711.3 

59 

349.6 

30 

114.6 

60 

57.3 

30 

687.5 

60 

343.7 

In  this  way  the  distance  of  a  considerably 
remote  object,  as  a  town  or  building  at  ten 
or  twelve  miles'  distance,  may  be  very  nearly 
determined,  provided  we  have  the  lineal  di- 
mensions of  a  house  or  other  object  that 
•tands  at  right  angles  to  the  line  of  vision. 
(876) 


The  breadth  of  a  river,  of  an  arm  of  the  sea, 
or  the  distance  of  a  lighthouse,  whose  eleva- 
tion above  the  sea  or  any  other  point  is 
known,  may  likewise,  in  this  manner  be 
easily  determined. 
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CHAPTER  II. 

On  the  Equatorial  Telescope,  or  ratable  Observatory. 


THE  equatorial  instrument  is  intended  to 
answer  a  number  of  useful  purposes  in  Prac- 
tical Astronomy,  independently  of  any  par- 
ticular observatory.  Besides  answering  the 
general  purpose  of  a  quadrant,  a  transit  in- 
strument, a  theodolite,  and  an  azimuth  instru- 
ment, it  is  almost  the  only  instrument  adapted 
for  viewing  the  stars  and  planets  in  the  day- 
time, and  for  following  them  in  their  apparent 
diurnal  motions.  It  may  be  made  use  of 
in  any  steady  room  or  place,  and  performs 
most  of  the  useful  problems  in  astronomical 
science. 

The  basis  of  all  equatorial  instruments  is 
a  revolving  axis,  placed  parallel  to  the  axis  of 
the  earth,  by  which  an  attached  telescope  is 
made  to  follow  a  star  or  other  celestial  body 
in  the  arc  of  its  diurnal  revolution,  without 
the  trouble  of  repeated  adjustments  for  changes 
of  elevation,  which  quadrants  and  circles  with 
vertical  and  horizontal  axes  require.  Such  an 
instrument  is  not  only  convenient  for  many 
useful  and  interesting  purposes  in  celestial  ob- 
servations, but  is  essentially  requisite  in  cer- 
tain cases,  particularly  in  examining  and  mea- 
suring the  relative  positions  of  two  contiguous 
bodies,  or  in  determining  the  diameters  of  the 
planets,  when  the  spider's-line  micrometer  is 
used. 

Christopher  Scheiner  is  supposed  to  have 
been  the  first  astronomer  who,  in  the  year 
1620,  made  use  of  a  polar  axis,  but  without 
any  appendage  of  graduated  circles.  It  was 
not,  however,  till  the  middle  of  the  last  cen- 
tury that  any  instruments  of  this  description, 
worthy  of  the  name,  were  attempted  to  be 
constructed.  In  1741,  Mr.  Henry  Hindley,  a 
clockmaker  in  York,  added  to  the  polar  axis 
an  equatorial  plate,  a  quadrant  of  altitude, 
and  declination  semicircle;  but  when  this 
piece  of  mechanism  was  sent  to  London  for 
sale  in  1748,  it  remained  unsold  for  the  space 
of  13  years.  Mr.  Short,  the  optician,  pub- 
lished in  the  Philosophical  Transactions  for 
1750  a  "  description  of  an  equatorial  tele- 
scope," which  was  of  the  reflecting  kind,  and 
was  mounted  over  a  combination  of  circles 
and  semicircles,  which  were  strong  enough  to 
support  a  tube,  and  a  speculum  of  the  Gre- 
gorian construction  18  inches  in  focal  length. 
This  instrument  consisted  of  a  somewhat  cum- 
bersome and  expensive  piece  of  machinery,  a 
representation  of  which  may  be  seen  in  vol. 


iii.  of  Martin's  "  Philosophia  Britannica,  or 
System  of  the  Newtonian  Philosophy."  Va- 
rious modifications  of  this  instrument  have 
since  been  made  by  Nairne,  Dollond,  Rams- 
den,  Troughton,  and  other  artists;  but  even 
at  the  present  period  it  has  never  come  into 
very  general  use,  though  it  is  one  of  the  most 
pleasant  and  useful  instruments  connected 
with  astronomical  observations. 

As  many  of  these  instruments  are  some- 
what complicated  and  very  expensive,  I  shall 
direct  the  attention  of  the  reader  solely  to  one 
which  I  consider  as  the  most  simple,  which 
may  be  purchased  at  a  moderate  expense,  and 
is  sufficiently  accurate  for  general  observations. 

The  instrument  consists  of  the  following 
parts :  A  horizontal  circle,  E  F  (fig.  86,) 


Fig.  86. 


O 


N 


divided  into  four  quadrants  of  90  degrees  each. 
There  is  a  fixed  nonius  at  N;  and  the  circle 
is  capaple  of  being  turned  round  on  an  axis. 
In  the  centre  of  the  horizontal  circle  is  fixed  a 
4  E  (877) 
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strong  upright  pillar,  which  supports  the  centre 
of  a  vertical  semi-circle,  A  B,  divided  into  two 
quadrants  of  90  degrees  each.  This  is  called 
the  semicircle  of  altitude,  and  may,  at  any 
time,  serve  the  purpose  of  a  quadrant  in  mea- 
suring either  altitudes  or  depressions.  It  has 
a  nonius  plate  at  K.  At  right  angles  to  the 
plane  of  this  semicircle,  the  equatorial  circle, 
M  N,  is  firmly  fixed.  It  represents  the 
equator,  and  is  divided  into  twice  twelve 
hours,  every  hour  being  divided  into  twelve 
parts  of  five  minutes  each.  Upon  the  equa- 
torial circle  moves  another  circle,  with  a 
chamfered  edge,  carrying  a  nonius,  by  which 
the  divisions  on  the  equatorial  may  be  read 
off  to  single  minutes ;  and  at  right  angles  to 
this  movable  circle  is  fixed  the  semicircle  of 
declination,  D,  divided  into  two  quadrants  of 
90  degrees  each.  The  telescope,  P  0,  is  sur- 
mounted above  this  circle,  and  is  fixed  to  an 
index  movable  on  the  semicircle  of  declina- 
tion, and  carries  a  nonius  opposite  to  Q. 
The  telescope  is  furnished  with  two  or  three 
Huygenian  eyepieces  and  likewise  with  a 
diagonal  eyepiece  for  viewing  objects  near  the 
zenith.  Lastly,  there  are  two  spirit  levels 
fixed  on  the  horizontal  circle  at  right  angles 
to  each  other,  by  means  of  which  this  circle 
is  made  perfectly  level  when  observations  are 
to  be  made. 

To  adjust  1he  Equatorial  for  Observations. 
— Set  the  instrument  on  a  firm  support ;  then, 
to  adjust  the  levels  and  the  horizontal  circle, 
turn  the  horizontal  circle  till  the  beginning  O 
of  the  divisions  coincides  with  the  middle 
stroke  of  the  nonius,  or  near  it.  In  this  situa- 
tion, one  of  the  levels  will  be  found  to  lie 
either  in  a  right  line  joining  the  two  foot- 
screws  which  are  nearest  the  nonius,  or  else 
parallel  to  such  a  right  line.  By  means  of 
the  last  two  screws,  cause  the  bubble  in  the 
level  to  become  stationary  in  the  middle  of  the 
glass;  then  turn  the  horizontal  circle  half 
round  by  bringing  the  other  0  to  the  nonius ; 
and  if  the  bubble  remains  in  the  middle  as  be- 
fore, the  level  is  well  adjusted  ;  if  it  does  not, 
correct  the  position  of  the  level  by  turning 
one  or  both  of  the  screws  which  pass  through 
its  ends  till  the  bubble  has  moved  half  the 
distance  it  ought  to  come  to  reach  the  middle, 
and  cause  it  to  move  the  other  half  by  turn- 
ing the  foot-screws  already  mentioned ;  return 
the  horizontal  circle  to  its  first  position,  and 
if  the  adjustments  have  been  well  made,  the 
bubble  will  remain  in  the  middle ;  if  otherwise, 
the  process  must  be  repeated  till  it  bears  this 
>roof  of  its  accuracy  ;  then  turn  the  horizon- 
tal circle  till  90°  stands  opposite  to  the  nonius ; 
and  by  the  foot-screw  immediately  opposite 
the  other  90°,  cause  the  bubble  of  the  same 
level  to  stand  in  the  middle  of  the  glass; 
lastly,  by  its  own  proper  screws  set  the  other 
(878) 


level  so  that  its  bubble  may  occupy  the  mid- 
dle of  its  glass. 

To  adjust  the  Line  of  Sight.— Set  the 
nonius  on  the  declination  semicircle  at  0,  the 
nonius  on  the  horary  circle  at  VI.,  and  the 
nonius  on  the  semicircle  of  altitude  at  90 ; 
look  through  the  telescope  towards  some  part 
of  the  horizon  where  there  is  a  diversity  of 
remote  objects ;  level  the  horizontal  circle,  and 
then  observe  what  object  appears  in  the  centre 
of  the  cross-wires,  or  in  the  centre  of  the 
field  •  of  view  if  there  be  no  wires;  reverse 
the  semicircle  of  altitude  so  that  the  other  90° 
may  apply  to  the  nonius,  taking  care,  at  the 
same  time,  that  the  other  three  noniuses  con- 
tinue at  the  same  parts  of  their  respective 
graduations  as  before.  If  the  remote  object 
continues  to  be  seen  on  the  centre  of  the 
cross-wires,  the  line  of  sight  is  truly  adjusted. 

To  find  the  Correction  to  be  applied  to 
Observations  by  the  Semicircle  of  Altitude. 
— Set  the  nonius  on  the  declination  semicircle 
to  0,  and  the  nonius  oa  the  horary  citcle  to 
XII.;  direct  the  telescope  to  any  fixed  and 
distant  object  by  moving  the  horizontal  circle 
and  semicircle  of  altitude,  and  nothing  else ; 
note  the  degree  and  minute  of  altitude  or  de- 
pression ;  reverse  the  declination  semicircle  by 
directing  the  nonius  on  the  horary  circle  to 
the  opposite  XII. ;  direct  the  telescope  again 
to  the  same  object,  by  means  of  the  horizontal 
circle  and  semicircle  of  altitude,  as  before, 
If  its  altitude  or  depression  be  the  same  as 
was  observed  in  the  other  position,  no  correc- 
tion will  be  required ;  but  if  otherwise,  half 
the  difference  of  the  two  angles  is  the  correc- 
tion to  be  added  to  all  observations  made  with 
that  quadrant,  or  half  of  the  semicircle  which 
shows  the  least  angle,  or  to  be  subtracted  from 
all  the  observations  made  with  the  other  quad- 
rant, or  half  of  the  semicircle.  When  the 
levels  and  other  adjustments  are  once  truly 
made,  they  will  be  preserved  in  order  for  a 
length  of  time,  if  not  deranged  by  violence ; 
and  the  correction  to  be  applied  to  the  semi- 
circle of  altitude  is  a  constant  quantity. 

Description  of  the  Nonius. — The  nonius—- 
sometimes called  the  Vernier — is  a  name 
given  to  a  device  for  subdividing  the  arcs  of 
quadrants  and  other  astronomical  instruments. 
It  depends  on  the  simple  circumstance  that  if 
any  line  be  divided  into  equal  parts,  the  length 
of  each  part  will  be  greater  the  fewer  the  divi- 
sions; and  contrariwise,  it  will  be  less  in  pro- 
portion as  those  divisions  are  more  numerous* 
Thus,  in  the  equatorial  now  described,  the 
distance  between  the  two  extreme  strokes  on 
the  nonius  is  exactly  equal  to  eleven  degrees 
on  the  limb,  only  that  it  is  divided  into  twelve 
equal  parts.  Each  of  these  last  parts  will 
therefore  be  shorter  than  the  degree  on  the 
limb  in  the  proportion  of  11  to  12,  that  is  to 
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say,  it  will  be  T^th.  part,  or  five  minutes 
shorter ;  consequently,  if  the  middle  stroke  be 
set  precisely  opposite  to  any  degree,  the  rela- 
tive positions  of  the  nonius  and  the  limb  must 
be  altered  five  minutes  of  a  degree  before 
either  of  the  two  adjacent  strokes  next  the 
middle  on  the  nonius  can  be  brought  to  coin- 
cide with  the  nearest  stroke  of  a  degree ;  and 
so  likewise  the  second  stroke  on  the  nonius 
will  require  a  change  of  ten  minutes,  the 
third  of  fifteen,  and  so  on  to  thirty,  when  the 
middle  line  of  the  nonius  will  be  seen  to  be 
equidistant  between  two  of  the  strokes  on  the 
limb;  after  which,  the  lines  on  the  opposite 
side,  of  the  nonius  will  coincide  in  succession 
with  the  strokes  on  the  limb.  It  is  clear  from 
this  that  whenever  the  middle  stroke  of  the 
nonius  does  not  stand  precisely  opposite  to 
any  degree,  the  odd  minutes,  or  distance  be- 
tween it  and  the  degree  immediately  preced- 
ing, may  be  known  by  the  number  of  the 
stroke  marked  on  the  nonius,  which  coincides 
with  any  of  the  strokes  on  the  limb.*  In 
some  instruments  the  nonius-plate  has  its  divi- 
sions fewer  than  the  number  of  parts  on  the 
limb  to  which  it  is  equal;  but  when  once  a 
clear  idea  of  the  principle  of  any  nonius  is 
obtained,  it  will  be  easy  to  transfer  it  to  any 
other  mode  in  which  this  instrument  is  con- 
trived. 

To  find  bit/  this  Equatorial  the  MERIDIAN 
LINE,  and  the  Time,  FROM  ONE  OBSERVA- 
TION OF  THE  SUN. — In  order  to  this,  it  is 
requisite  that  the  sun's  declination  and  the 
latitude  of  the  place  be  known.  The  declina- 
tion of  the  sun  may  be  found  for  every  day  in 
the  Nautical  Almanac,  or  any  other  astrono- 
mical ephemeris ;  and  the  latitude  of  the  place 
may  be  found  by  means  of  the  semicircle  of 
altitude,  when  the  telescope  is  directed  to  the 
sun  or  a  known  fixed  star.  It  is  likewise 
requisite  to  make  the  observation  when,  the 
azimuth  and  altitude  of  the  sun  alter  quickly, 
and  this  is  generally  the  case  the  further  that 
luminary  is  from  the  meridian ;  therefore,  at 
the  distance  of  three  or  four  hours  either  be- 
fore or  after  noon,  (in  summer,)  adjust  the 
horizontal  circle ;  set  the  semicircle  of  altitude 
so  that  its  nonius  may  stand  at  the  colatitude 
of  the  place ;  lay  the  plane  of  the  last-men- 
tioned semicircle  in  the  meridian  by  estima- 
tion, its  0  being  directed  towards  the  depressed 
pole  ;  place  the  nonius  of  the  declination  semi- 
circle to  the  declination,  whether  north  or 
south ;  then  direct  the  telescope  towards  the 
sun,  partly  by  moving  the  declination  semi- 
circle on  the  axis  of  the  equatorial  circle,  and 
partly  by  moving  the  horizontal  circle  on  its 
own  axis.  There  is  but  one  position  of  these 
which  will  admit  of  the  sun  being  seen  exactly 
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in  the  middle  of  the  field  of  view.  When  this 
position  is  obtained,  the  nonius  on  the  equa- 
torial circle  shows  the  apparent  time,  and  the 
circle  of  altitude  is  in  the  plane  of  the  me- 
ridian. When  this  position  is  ascertained, 
the  meridian  may  be  settled  by  a  landmark  at 
a  distance. 

With  an  equatorial  instrument  nearly  simi- 
lar to  that  now  described,  I  formerly  made  a 
series  of  "  day  observations  on  the  celestial 
bodies,"  which  were  originally  published  in" 
voKxxxvi.  of  "  Nicholson's  Journal  of  Natural 
Philosophy,"  and  which  occupy  twenty  pages 
of  that  journal.  Some  of  these  observations  I 
shall  lay  before  the  reader,  after  having  ex- 
plained the  manner  in  which  they  are  made. 

The  instrument  was  made  by  Messrs.  W. 
and  S.  Jones,  opticians,  Holborn,  London. 
The  telescope  which  originally  accompanied 
the  instrument  was  an  achromatic  refractor, 
its  object-glass  being  8$  inches  focal  distance, 
and  one  inch  in  diameter.  This  telescope, 
not  admitting  sufficiently  high  magnifying 
powers  for  the  observations  intended,  was 
afterwards  thfown  aside  for  another  telescope 
having  an  object-glass  20  inches  focal  length 
and  l^th  inches  in  diameter,  which  was  at- 
tached to  the  equatorial  machinery  in  place 
of  the  small  telescope.  It  was  furnished  with 
magnifying  powers  of  15,  30,  45,  60,  and  100 
times.  The  instrument  was  placed  on  a  firm 
pedestal  about  three  feet  high.  The  feet  of 
this  pedestal  had  short  iron  pikes,  which 
slipped  into  corresponding  holes  in  the  floor 
of  the  apartment  adjacent  to  a  south  window, 
so  that  when  the  direction  of  the  meridian  was 
found,  and  the  circles  properly  adjusted,  the 
instrument  was  in  no  danger  of  being  shifted 
from  this  position.  Though  this  instrument 
generally  stood  fronting  the  southern  part  of 
the  heavens,  yet  the  equatorial  part,  along 
with  the  telescope,  could  occasionally  be  re- 
moved to  another  position  fronting  the  north 
and  north-west,  for  observing  the  stars  in  those 
quarters. 

Manner  of  observing  Stars  and  Planets 
in  the  Daytime  by  the  Equatorial. — Before 
such  observations  can  be  made,  the  semicircle 
of  altitude  must  be  placed  in  the  meridian,  and 
the  degree  and  minute  pointed  out  by  the 
nonius  on  the  horizontal  circle,  when  in  this 
position,  noted  down  in  a  book,  so  that  it  may 
be  placed  again  in  the  same  position,  should 
any  derangement  afterward  happen.  The 
semicircle  of  altitude  must  be  set  to  the  Co- 
latitude  of  the  place,  that  is,  to  what  the  lati- 
tude wants  of  90°.  Suppose  the  latitude  of 
the  place  of  observation  be  52°  30'  north, 
this  latitude  subtracted  from  90°  leaves  37° 
30'  for  the  colatitude,  and  therefore  the  semi- 
circle of  altitude,  on  which  the  equatorial  cir- 
cle is  fixed,  must  be  elevated  to  37°  30',  and 
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then  the  equatorial  circle  on  the  instrument 
coincides  with  the  equator  in  the  heavens. 
Lastly,  the  telescope  must  be  adjusted  on  the 
declination  semicircle  so  as  exactly  to  corres- 
pond with  the  declination  of  the  heavenly 
body  to  be  viewed.  If  the  body  is  in  the 
equator,  the  telescope  is  set  by  the  index  at  0 
on  the  semicircle  of  declination,  or  at  the  mid- 
dle point  between  the  two  quadrants,  and 
then,  when  the  telescope,  along  with  the  semi- 
circle of  declination,  is  moved  from  right  to 
left,  or  the  contrary,  it  describes  an  arc  of  the 
equator.  If  the  declination  of  the  body  be 
north,  the  telescope  is  elevated  to  the  northern 
division  of  the  semicircle ;  if  south,  to  the 
southern  part  of  it  « 

These  adjustments  being  made,  take  the 
difference  between  the  right  ascension  of  the 
sun  and  the  body  to  be  observed,  and  if  the 
right  ascension  of  the  body  be  greater  than  that 
of  the  sun,  subtract  the  difference  from  the 
time  of  observation ;  if  not,  add  to  the  time 
of  observation.*  The  remainder  in  one  case, 
or  the  sum  in  the  other,  will  be  the  hour  and 
minute  to  which  the  nonius  on  the  equatorial 
circle  is  to  be  set ;  which  being  done,  the  tele- 
scope will  point  to  the  star  or  planet  to  whose 
declination  the  instrument  is  adjusted.  When 
the  heavenly  body  is  thus  found,  it  may  be 
followed,  in  its  diurnal  course,  for  hours,  or  as 
long  as  it  remains  above  the  horizon ;  for  as 
the  diurnal  motion  of  a  star  is  parallel  to  the 
equator,  the  motion  of  the  telescope  on  the 
equatorial  circle  will  always  be  in  the  star's 
diurnal  arc ;  and  should  it  have  left  the  field 
of  the  telescope  for  any  considerable  time,  it 
may  be  again  recovered  by  mpving  the  tele- 
scope onward  according  to  the  time  which 
elapsed  since  it  was  visible  in  the  field  of  view. 
We  may  illustrate  what  has  been  now  stated 
by  an  example  or  two :  Suppose,  on  the  30th 
of  April,  1841,  at  1  o'clock  P.M.,  we  wished  to 
see  the  star  Aldebaran :  the  right  ascension 
of  this  star  is  4h  27'",  and  the  sun's  right  as- 
cension for  that  day  at  noon,  as  found  in 
"  White's  Ephemeris"  or  the  "  Nautical  Al- 
manac," is  2>»  30r" ;  subtract  this  last  number 
from  4h  27"',  and  the  remainder  lh  57"',  shows 
that  the  star  comes  to  the  meridian  on  that 
day  at  57  minutes  past  1  o'clock  P.M.  ;  and 
as  the  time  of  observation  is  1  P.M.,  the  nonius 
which  moves  on  the  equatorial  circle  must  be 
set  to  three  minutes  past  XI.  as  the  star  is  at 
that  hour  57  minutes  from  the  meridian.  The 
declination  of  Aldebaran  is  16°  11'  north,  to 
which  point  on  the  semicircle  of  declination 

*  Or  find  the  sun's  right  ascension  for  the  given 
day;  subtract  this  from  the  star  or  planet's  right 
ascension,  and  the  remainder  is  the  approximate 
time  of  the  star's  coming  to  the  meridian.  The 
difference  between  this  time  and  the  time  of  obser- 
vation will  then  determine  the  point  to  which  the 
telescope  is  to  be  directed. 
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the  telescope  must  be  adjusted,  and  then  the 
star  will  be  visible  in  the  field  of  view.  Again : 
suppose  we  wished  to  observe  the  planet  Venus 
on  the  1st  of  January,  1842,  at  12  o'clock 
noon :  the  sun's  right  ascension  on  that  day  is 
18h  46m,  and  that  of  Venus  17"  41%  from 
which  the  sun's  right  ascension  being  sub- 
tracted, the  remainder  is  22h  55:",  or  55  mi- 
nutes past  10  A.M.  Here,  as  the  right  ascen- 
sion of  Venus  is  too  small  to  have  the  sun's 
right  ascension  taken  from  it,  we  borrow  24 
hours,  and  reckon  the  remainder  from  XII.  at 
noon.  As  the  planet  at  12  noon  is  one  hour 
and  five  minutes  past  the  meridian,  the  nonius 
on  the  equatorial  circle  must  be  set  to  that 
point,  and  the  telescope  adjusted  to  23°  6'  of 
south  declination,  which  is  the  declination  of 
Venus  for  that  day,  when  this  planet  will  ap- 
pear in  the  field  of  view. 

Observation  on  the  Fixed  Stars  and  Planets, 
made  in  the  Daytime  by  the  Equatorial. 
For  the  purpose  of  illustrating  the  descrip- 
tions now  given,  and  for  affording  some  in- 
formation respecting  celestial  day  observa- 
tions, I  shall  select  a  few  of  the  observations 
above  alluded  to,  which  I  formerly  published 
in  Nicholson's  Journal,  along  with  a  few 
others  which  have  been  since  made.  These 
observations  were  made  with  a  view  to  de- 
termine the  following  particulars :  1 .  What 
stars  and  planets  may  he  conveniently  seen 
in  the  daytime  when  the  sun  is  above  the 
horizon  ?  2.  What  degrees  of  magnifying 
power  are  requisite  for  distinguishing  them  1 
3.  How  near  their  conjunction  with  the  sun 
they  may  be  seen  1  and,  4.  Whether  the  di- 
minution of  the  aperture  of  the  object-glass  of 
the  telescope,  or  the  increase  of  magnifying 
power,  conduces  most  to  render  a  star  or  a 
planet  visible  in  daylight.  Having  never  seen 
such  observations  recorded  in  books  of  astro- 
nomy or  in  scientific  journals,  I  was  induced 
to  continue  them,  almost  every  clear  day,  for 
nearly  a  year,  in  order  to  determine  the  points 
now  specified.  Some  of  the  results  are  stated 
in  the  following  pages. 

Observations  on  Fixed  Stars  of  the  first 
Magnitude. — April  23, 1813,  at  10h  16'"  A.M., 
the  sun  being  5^  hours  above  the  horizon,  saw 
tho  star  Vega,  or  a  Lyrse,  very  distinctly  with 
a  power  of  30  times.  Having  contracted  the 
aperture  of  the  object-glass  to  T9flths  of  an 
inch,  saw  it  on  a  darker  ground,  but  not  more 
plainly  than  before.  Having  contracted  the 
aperture  still  further  to  half  an  inch,  I  per- 
ceived the  star,  but  not  so  distinctly  as  before. 
The  sky  being  very  clear,  and  the  star  in  a 
a  quarter  of  the  heavens  nearly  opposite  to  the 
sun,  I  diminished  the  magnifying  power  to 
15,  and  could  still  perceive  the  star,  but  in- 
distinctly ;  it  was  just  perceptible.  August 
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23,  at  Oh  12m  P.M.,  saw  the  star  Capella  or 
a  Aurigx,  with  a  power  of  60,  and  immediately 
afterward  with  a  power  of  30,  the  aperture 
undiminished.  With  this  last  power  it  ap- 
peared extremely  distinct,  but  not  so  brilliant 
and  splendid  as  with  the  former  power.  Having 
diminished  the  aperture  to  T90-ths  of  an  inch, 
it  appeared  on  a  darker  ground,  though  in  the 
former  case  it  was  equally  perceptible.  A 
few  minutes  afterward,  could  distinguish  it 
with  a  power  of  15,  the  aperture  being  con- 
tracted to  half  an  inch.  It  appeared  very 
small ;  it  was  with  difficulty  the  eye  could 
fix  upon  it  in  the  field  of  the  telescope  ;  but 
when  it  was  once  perceived,  its  motion  across 
the  field  of  view  could  be  readily  followed.  It 
could  not  be  perceived  when  the  diminished 
aperture,  was  removed.  The  sun  was  then 
shining  in  meridian  splendour. 

August  10th,  9h  30m  A.M.,  saw  the  star 
Sirius  with  a  power  of  60,  the  aperture  con- 
tracted to  T9ffths  of  an  inch ;  saw  it  likewise 
when  the  aperture  was  diminished  to  half  an 
inch,  but  not  so  distinctly  as  through  the  aper- 
ture of  j9jths  of  an  inch.  Having  put  on  a 
power  of  30,  could  distinguish  it  distinctly 
enough  through  each  of  the  former  apertures, 
and  likewise  when  they  were  removed,  but 
somewhat  more  distinctly  with  the  apertures 
of  nine-tenths  and  an  half  inch  than  without 
them.  At  this  time  the  star  was  2h  42m  in  time 
of  right  ascension  west  of  the  sun,  having,  an 
elevation  above  the  horizon  of  about  17°  10', 
the  sun  shining  bright,  and  the  sky  very  much 
enlightened  in  that  quarter  of  the.  heavens 
where  the  star  appeared.  There  was  also  a 
considerable  undulation  of  the  air,  which  is 
generally  the  case  in  the  hot  mornings  of 
summer,  which  renders  a  star  more  difficult 
to  be  perceived  than  in  the  afternoon,  especi- 
ally when  it  is  viewed  at  a  low  altitude.  June 
4th,  lh  30'"  P.M.,  saw  Sirius  with  a  power  of 
30  with  great  distinctness,  the  aperture  not 
contracted.  The  star  was  then  within  lh  50m  in 
time  of  right  ascension  east  from  the  sun. 
August  24th,  9h  5'"  A.M.,  saw  the  star  Procyon, 
a  Cants  Minoris,  distinctly  with  a  power  of 
60,  the  aperture  not  contracted.  When  di- 
minished to  r9ffths  of  an  inch,  it  appeared 
rather  more  distinct,  as  the  ground  on  which 
it  was  seen  was  darker.  With  a  power  of 
30,  and  the  aperture  contracted  to  T9(jths  of 
an  inch,  could  perceive  it,  but  somewhat  in- 
distinctly. When  the  equatorial  motion  was 
performed  in  order  to  keep  it  in  the  field  of 
view,  it  was  some  time  before  the  eye  could 
again  fix  upon  it.  When  the  aperture  was 
diminished  to  half  an  inch,  it  could  not  be 
perceived.  Saw  it  when  both  the  apertures 
were  removed,  but  rather  more  distinctly  with 
the  aperture  of  T9ffths  of  an  inch.  The  dif- 
ference in  the  result  of  this  observation  from 
111 


that  of  Capella  above  stated  was  owing  to  the 
star's  proximity  to  the  sun,  and  the  conse- 
quent illumination  of  the  sky  in  that  quarter 
where  it  appeared.  Its  difference  in  right 
ascension  from  that  of  the  sun  was  then  about 
2h  5"'  of  time,  and  its  difference  of  declination 
about  4°  50'.*  This  star  may  be  considered 
as  one  of  those  which  rank  between  the  first 
and  second  magnitudes. 

Similar  observations  to  the  above  were  made 
and  frequently  repeated  on  the  stars  Rigel, 
Aldebaran,  Betelguese,  Cor  Leonis,  and  other 
stars  of  the  first  magnitude,  which  gave  nearly 
the  same  results.  The  stars  Altares  and 
Fomalhaut  are  not  so  easily  distinguished,  on 
account  of  their  great  southern  declination, 
and  consequent  low  elevation  above  the  hori- 
zon. The  following  observation  on  Arcturus 
may  be  added.  June  3d,  observed  Arcturus 
very  distinctly  a  little  before  seven  in  the 
evening, — the  sun  being  about  lh  40m  above 
the  horizon,  and  shinin^bright — with  a  power 
of  15,  the  aperture  not  contracted.  It  ap- 
peared very  small,  but  distinct.  This  star  is 
easily  distinguishable  at  any  time  of  the  day 
with  a  power  of  30. 

Observations  on  Stars  of  the  Second  Mag- 
nitude.— May  5,  1813,  at  6*  P.M.,  the  sun 
being  an  hour  and  three-quarters  above  the 
horizon,  saw  Alphard,  or  a  Hydras,  a  star  of 
the  second  magnitude,  with  a  power  of  60, 
the  aperture  diminished  to  T9jths  of  an  inch. 
A  few  minutes  afterward  could  perceive  it, 
but  indistinctly,  with  a  power  of  30,  the  aper- 
ture contracted  as  above.  It  could  not  be 
seen  very  distinctly  with  this  power  till  about 
half  an  hour  before  sunset.  It  was  then  seen 
rather  more  distinctly  when  the  aperture  was 
contracted  than  without  the  contraction.  May 
7th,  saw  the  star  Deneb,  or  |3  Leonis>  dis- 
tinctly with  a  power  of  60,  about  an  hour  and 
a  half  before  sunset.  August  20th,  saw  Ras 
Alhague,  or  a  Ophiuchi,  at  4h  40m  P.M.,  with 
a  power  of  100,  the  sun  being  nearly  three 
hours  above  the  horizon,  and  shining  bright. 
Perceived  it  about  an  hour  afterward  with  a 
power  of  60,  with  the  aperture  contracted  to 
y^ths  of  an  inch,  and  also  when  this  contrac- 
tion was  removed.  The  star  was  seen  nearly 
as  distinctly  in  the  last  case  as  in  the  first 
August  27,  5h  P.M.,  the  same  star  appeared 


*  The  right  ascensions,  declinations,  longi- 
tudes, &c.,  stated  in  these  memoranda,  which 
were  noted  at  the  time  of  observation,  are  only 
approximations  to  the  truth,  perfect  accuracy  in 
these  respects  being  of  no  importance  in  such  ob- 
servations. They  are,  however,  in  general,  within 
a  minute  or  two  of  the  truth.  The  times  vf  the  ob- 
servations, too,  are  noted  in  reference,  not  to  the 
astronomical,  but  to  the  civil  day.  The  astrono- 
mical day  commences  at  12  noon,  and  the  hours 
are  reckoned,  without  interruption,  to  the  follow- 
ing noon.  The  civil  day  commences  at  12  mid- 
night. 
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quite  distinct  with  a  power  of  60,  the  aperture 
not  contracted.  It  did  not  appear  more  dis- 
tinct when  the  aperture  was  contracted  to 
T9ffths  of  an  inch.  The  sun  was  then  more 
than  two  hours  above  the  horizon.  August 
28th,  saw  the  star  Pollux  or,  /3  Gemini,  two 
hours  after  sunrise,  with  a  power  of  60,  aper- 
ture undiminished.  November  12th,  lh  30' 
P.M.,  saw  the  star  Altair,  or  a  Aquilse,  with 
an  8$  inch  telescope,  one  inch  aperture,  carry- 
ing a  power  of  45,  the  aperture  not  contracted. 
Having  contracted  the  aperture  a  little,  it  ap- 
I>eared  somewhat  less  distinct.  This  star  is 
reckoned  by  some  to  belong  to  the  class  of 
stars  of  the  first  magnitude,  but  in  White's 
"  Ephemeris"  and  other  Almanacs  it  is  gener- 
ally marked  as  being  of  the  second  magnitude. 
It  forms  a  kind  of  medium  between  stars  of 
of  the  first  and  second  magnitude. 

Similar  observations,  giving  the  same  re- 
sults, were  made  on  the  stars  Bellatrix,  Orion's 
Girdle,  a  Andromedae,  a  Pegasi,  Alioth,  Benet- 
nach,  North  Crown,  or  a  Coronse  Borealis, 
and  various  other  stars  of  the  same  magnitude. 

From  the  above  and  several  hundreds  of 
similar  observations,  the  following  conclusions 
are  deduced: 

1.  That  a  magnifying  power  of  30  times  is 
sufficient  for  distinguishing  a  fixed  star  of  the 
first  magnitude,  even  at  noonday,  at  any  sea- 
son of  the  year,  provided  it  have  a  moderate 
degree  of  elevation  above  the  horizon,  and  be 
not  within  30°  or  40°  of  the  sun's  body; 
also,  that  by  a  magnifying  power  of  15,  a  star 
of  this  class  may  be  distinguished  when  the 
sun  is  not  more  than  an  hour  and  a  half 
above  the  horizon ;  but,  in  every  case,  higher 
powers  are  to  be  preferred.     Powers  of  45  or 
60,  particularly  the  last,  were  found  to  answer 
best  in  most  cases,  as  with  such  powers  the 
eye  could  fix  on  the  star  with  ease  as  soon  as 
it  entered  the  field  of  the  telescope. 

2.  That  most  of  the  stars  of  the  second 
magnitude  may  be  seen  with  a  power  of  60 
when  the  sun  is  not  much  more  than  two 
hours  above  the  horizon ;  and,  at  any  time  of 
the  day,  the  brightest  stars  of  this  class  may 
be  seen  with  a  power  of  100  when  the  sky  is 
serene,  and  the  star  not  too  near  the  quarter 
in  which  the  sun  appears. 

3.  That,  in  every  instance,  an  increase  of 
magnifying  power  has  the  principal  effect  in 
rendering  a  star  easily  perceptible ;  that  dimi- 
nution of  aperture,  in  most  cases,  produces  a 
very  slight  effect — in  some  cases,  none  at  all ; 
and,  when  the  aperture  is  contracted  beyond 
a  certain  limit,  it  produces  a  hurtful  effect. 
The  cases  in  which  a  moderate  contraction  is 
useful  are  the  two  following:   1.  When  the 
star  appears  in  a  bright  part  of  the  sky,  not 
far  from  that  quarter  in  which  the  sun  appears. 
2.  When  an  object-glass  of  a  large  aperture 
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and  a  small  degree  of  magnifying  power  if 
used.  In  almost  every  instance,  the  contrac- 
tion of  the  object-glass  of  the  8£  inch  tele- 
scope with  a  power  of  45  had  a  hurtful  effect ; 
but  when  the  20  inch  telescope  carried  a  power 
of  only  15,  the  contraction  served  to  render 
the  object  more  perceptible. 

Observations  on  the  Planets  made  in  the 
Daytime. 

Some  of  the  planets  are  not  so  easily  dis- 
tinguished in  the  daytime  as  the  fixed  stars 
of  the  first  magnitude.  The  one  which  is 
most  easily  distinguished  at  all  times  is  the 
planet  Venus. 

1.  Observations  on  Venus. — My  observa- 
tions on  this  planet  commenced  about  the  end 
of  August,  1812,  about  three  or  four  weeks 
after  its  inferior  conjunction.  About  that 
period,  between  ten  and  eleven  in  the  fore- 
noon, with  a  power  of  45,  it  appeared  as  a 
beautiful  crescent,  quite  distinct  and  well  de- 
fined, with  a  lustre  similar  to  that  of  the  moon 
about  sunset,  but  of  a  whiter  colour.  The 
view  of  its  surface  and  phase  was  fully  more 
distinct  and  satisfactory  than  what  is  obtained 
in  the  evening  after  sunset;  for,  being  at  a 
high  elevation,  the  undulation  near  the  hori- 
zon did  not  affect  the  distinctness  of  vision. 
The  planet  was  then  very  distinctly  seen  with 
a  power  of  seven  times,  when  it  appeared  like 
a  star  of  the  first  or  second  magnitude.  I 
traced  the  variation  of  its  phases  almost  every 
clear  day  till  the  month  of  May,  1813.  As 
at  that  time  it  was  not  far  from  its  superior 
conjunction  with  the  sun,  I  wished  to  ascer- 
tain how  near  its  conjunction  with  that  lumi- 
nary it  might  be  seen,  and  particularly  whether 
it  might  not  be  possible,  in  certain  cases,  to 
see  it  at  the  moment  of  its  conjunction. 

The  expressions  of  all  astronomical  writers 
previous  to  this  period,  when  describing  the 
phases  of  Venus,  either  directly  assert,  or  at 
least  imply,  that  it  is  impossible  to  see  that 
planet,  in  any  instance,  at  the  time  of  its 
superior  conjunction.  This  is  the  language 
of  Dr.  Long,  Dr.  Gregory,  Dr.  Brewster,  Fer- 
guson, Adams,  B.  Martin,  and  most  other 
writers  on  the  science  of  Astronomy.  How 
far  such  language  is  correct  will  appear  from 
the  following  observations  and  remarks. 

April  24,  1813,  10h  50'  A.M.,  observed 
Venus  with  a  power  of  30,  the  aperture  not 
contracted.  She  was  then  about  31  minutes 
of  time  in  right  ascension  distant  from  the 
sun,  their  difference  of  declination  3°  59'. 
She  appeared  distinct  and  well  defined.  With 
a  power  of  100,  could  distinguish  her  gibbous 
phase.  May  1st,  10b  20m  A.M.,  viewed  this 
planet  with  a  power  of  60,  the  aperture  not 
contracted.  It  appeared  distinct.  Saw  it  about 
the  same  time  with  a  power  of  15,  the  aperture 
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being  contracted  to  T9ffths  of  an  inch.  Having 
contracted  the  aperture  to  half  an  inch,  saw  it 
more  distinctly.  When  the  contracted  aper- 
tures were  removed,  the  planet  could  with 
difficulty  be  distinguished,  on  account  of  the 
direct  rays  of  the  sun  striking  on  the  inside 
of  the  tube  of  the  telescope.  The  sun  was 
shining  bright,  and  the  planet  about  25'  of 
time  in  R.  A.  west  of  his  centre,  their  differ- 
ence of  declination  being  3°  7'.  May  7th, 
10h  A.M.,  saw  Venus  distinctly  with  a  power 
of  60,  the  sun  shining  bright.  It  was  then 
about  19'  of  time  in  R  A.,  and  4°  27'  in 
longitude  west  of  the  sun,  their  difference  of 
declination  being  2°  18'.  I  found  a  diminu- 
tion of  aperture  particularly  useful  when  view- 
ing the  planet  at  this  tune,  even  when  the 
higher  powers  were  applied.  This  was  the 
last  observation  I  had  an  opportunity  of  making 
prior  to  the  conjunction  of  Venus  with  the 
sun,  which  happened  on  May  25th,  at  9h  3s" 
A.M.  Its  geocentric  latitude  at  that  time  being 
about  16'  south,  the  planet  must  have  passed 
almost  close  by  the  sun's  southern  limb. 
Cloudy  weather  for  nearly  a  month  after  the 
last  observation  prevented  any  further  views 
of  the  planet,  when  it  was  in  that  part  of  the 
heavens  which  was  within  the  range  of  the 
instrument.  The  first  day  that  proved  favour- 
able after  it  had  passed  the  superior  conjunc- 
tion was  June  5th.  The  following  is  the 
memorandum  of  the  observation  then  taken  : 

June  5th,  9h  A.M.,  adjusted  the  equatorial 
telescope  for  viewing  the  planet  Venus,  but  it 
could  not  be  perceived  on  account  of  the 
direct  rays  of  the  sun  entering  the  tube  of  the 
telescope.  I  contrived  an  apparatus  for  screen- 
ing his  rays,  but  could  not  get  it  conveniently 
to  move  along  with  the  telescope,  and  there- 
fore determined  to  wait  till  past  eleven,  when 
the  top  of  the  window  of  the  place  of  observa- 
tion would  intercept  the  solar  rays.  At  llh 
20m  A.M.,  just  as  the  sun  had  passed  the  line 
of  sight  from  the  eye  to  the  top  of  the  window, 
and  his  body  was  eclipsed  by  it,  I  was  gratified 
with  a  tolerably  distinct  view  of  the  planet, 
with  a  power  of  60,  the  aperture  being  con- 
tracted to  /jths  of  an  inch.  This  distinctness 
increased  as  the  sun  retired,  till,  in  two  or 
three  minutes,  the  planet  appeared  perfectly 
well  defined.  Saw  it  immediately  afterward 
with  a  power  of  30,  the  aperture  contracted 
as  before.  Saw  it  also  quite  distinctly  with  a 
power  of  15;  but  it  could  not  be  distinguished 
with  this  power  when  the  contracted  aperture 
was  removed.  At  this  time  Venus  was  just 
3°  in  longitude,  or  about  13'  in  time  of  R.  A. 
east  of  the  sun's  centre,  and  of  course  only 
about  2|th  degrys  from  his  eastern  limb ;  the 
difference  of  their  declination  being  27',  and 
the  planet's  latitude  1 1'  north. 

Several  years  afterward  I  obtained  views 


of  this  planet  when  considerably  nearer  the 
sun's  margin  than  as  stated  in  the  above 
observation,  particularly  on  the  16th  of  Octo- 
ber, 1819,  at  which  time  Venus  was  seen 
when  only  six  days  and  nineteen  hours  past 
the  time  of  the  superior  conjunction.  At 
that  time  its  distance  from  the  sun's  eastern 
limb  was  only  1°  28'  42".  A  subsequent  ob- 
servation proved  that  Venus  can  be  seen  when 
only  1°  27'  from  the  sun's  margin,  which  I 
consider  as  approximating  to  the  nearest  dis- 
tance from  the  sun  at  which  this  planet  is 
distinctly  visible.  I  shall  only  state  further 
the  two  or  three  following  observations. 

June  7th,  1813,  10h  A.M.,  saw  Venus  with 
a  power  of  60,  the  aperture  being  contracted 
to  T9ffths  of  an  inch,  the  direct  rays  of  the 
sun  not  being  intercepted  by  the  top  of  the 
window.  The  aperture  having  been  further 
contracted  to  half  an  inch,  could  perceive  her, 
but  not  quite  so  distinctly.  When  the  con- 
tractions were  removed,  she  could  scarcely  be 
seen.  She  was  then  3°  33'  in  longitude,  and 
nearly  15  minutes  in  time  of  R.  A.  distant 
from  the  sun's  centre.  Some  fleeces  of  clouda 
having  moved  across  the  field  of  view,  she 
was  seen  remarkably  distinct  in  the  inter- 
stices, the  sun  at  the  same  time  being  partly 
obscured  by  them.  August  19th,  I'1  10"'  P.M., 
viewed  Venus  with  a  magnifying  power  of 
100.  Could  perceive  her  surface  and  gibbous 
phase  almost  as  distinctly  as  when  the  sun 
is  below  the  horizon.  She  appeared  bright, 
steady  in  her  light,  and  well  defined,  without 
that  glare  and  tremulous  appearance  she  ex- 
hibits in  the  evening  when  near  the  horizon. 
She  was  then  nearly  on  the  meridian.  On 
the  whole,  such  a  view  of  this  planet  is  as 
satisfactory,  if  not  preferable,  to  those  views 
we  obtain  with  an  ordinary  telescope  in  the 
evening,  when  it  is  visible  to  the  naked  eye. 

All  the  particulars  above  stated  have  been 
confirmed  by  many  subsequent  observations 
continued  throughout  a  series  of  years.  I 
shall  state  only  two  recent  observations,  which 
show  that  Venus  may  be  seen  somewhat 
nearer  the  sun  than  what  is  deduced  from  the 
preceding  observations,  and  at  the  point  of  its 
superior  conjunction.  March  10th,  1842,  ob- 
served the  planet  Venus,  then  very  near  the 
sun,  at  19  minutes  past  11  A.M.  It  had 
passed  the  point  of  its  superior  conjunction 
with  the  sun  on  the  5th  of  March,  at  lh  19™ 
P.M.  The  difference  of  right  ascension  be- 
tween the  sun  and  the  planet  was  then  about 
6£  minutes  of  time,  or  about  1°  37^',  and  it 
was  only  about  1°  21'  distant  from  the  sun's 
eastern  limb.  It  appeared  quite  distinct  and 
well  defined,  and  might  perhaps  have  been 
seen  on  the  preceding  day,  had  the  observa- 
tion been  then  made.  The  following  obser- 
vation shows  that  Venus  may  be  seen  still 
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nearer  the  sun  than  in  the  preceding  observa- 
tions, and  even  at  the  moment  of  its  superior 
conjunction.  On  the  2d  of  October,  1843, 
this  planet  passed  the  point  of  its  superior 
conjunction  with  the  sun  at  4h  15"'  P.M.  At 
two  o'clock  P.M.,  only  two  hours  before  the 
conjunction,  I  perceived  the  planet  distinctly, 
and  kept  it  in  view  for  nearly  ten  minutes, 
till  some  dense  clouds  intercepted  the  view. 
It  appeared  tolerably  distinct  and  well  defined, 
though  not  brilliant,  and  with  a  round,  full 
face,  and  its  apparent  path  was  distinctly 
traced  several  times  across  the  field  of  view  of 
the  telescope.  I  perceived  it  afterward,  about 
half  past  four  P.M.,  only  a  few  minutes  after 
it  had  passed  the  point  of  conjunction,  on 
which  occasion  it  appeared  less  distinct  than 
in  the  preceding  observation,  owing  to  the 
low  altitude  of  the  planet,  being  then  only  a 
few  degrees  above  the  horizon.  The  obser- 
vations, in  this  instance,  were  made,  not  with 
an  equatorial  instrument,  which  I  generally 
use  in  such  observations,  but  with  a  good 
achromatic  telescope  of  44^  inches  focal  dis- 
tance, mounted  on  a  common  tripod,  with  a 
terrestrial  power  of  95  times.  A  conical  tube 
about  ten  inches  long  was  fixed  on  the  ob- 
ject-end of  the  telescope,  at  the  extremity  of 
which  an  aperture  1£  inches  in  diameter  was 
placed,  so  as  to  intercept,  as  much  as  possible, 
the  direct  ingress  of  the  solar  rays.  The  top 
of  the  upper  sash  of  the  window  of  the  place 
of  observation  was  likewise  so  adjusted  as  to 
intercept  the  greater  part  of  the  sun's  rays 
from  entering  the  tube  of  the  telescope.  The 
gun's  declination  at  that  time  was  3°  26' 
south,  and  that  of  Venus  2°  12'  south ;  con- 
sequently, the  difference  of  declination  was 
1°  14'  =  the  distance  of  Venus  from  the 
sun's  centre ;  and  as  the  sun's  diameter  was 
about  16',  Venus  was  then  only  58'  from  the 
sun's  northern  limb,  or  6r  less  than  two  diam- 
eters of  the  sun. 

This  is  the  nearest  approximation  to  the 
«un  at  which  I  have  ever  beheld  this  planet, 
and  it  demonstrates  that  Venus  may  be  seen 
even  within  a  degree  of  the  sun's  margin ; 
and  it  is,  perhaps,  the  nearest  position  to  that 
luminary  in  which  this  planet  can  be  dis- 
tinctly perceived.  It  shows  that  the  light  re- 
flected from  the  surface  of  Venus  is  far  more 
brilliant  than  that  reflected  from  the  surface 
of  our  moon  ;  for  no  trace  of  this  nocturnal 
luminary  can  be  perceived,  even  when  at  a 
much  greater  distance  from  the  sun,  nor  is 
there  any  other  celestial  body  that  can  be 
seen  within  the  limit  now  stated.  This  is  the 
first  observation,  so  far  as  my  information  ex- 
tends, of  Venus  having  been  seen  at  the  time 
of  her  superior  conjunction.* 

*  This  observation  is  inserted  in  the  "  Edinburgh 
Philosophical  Journal"  for  January.  1844. 
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The  practical  conclusion  from  this  observa- 
tion is,  that  at  the  superior  conjunction  of 
this  planet,  when  its  distance  from  the  suri'a 
margin  is  not  less  than  58',  Us  polar  and 
equatorial  diameter  may  be  measured  by  a 
micrometer,  when  it  will  be  determined  whe- 
ther or  not  Venus  be  of  a  spheroidal  figure. 
The  Earth,  Mars,  Jupiter,  and  Saturn  are 
found  to  be,  not  spheres,  but  spheroids,  having 
their  polar  shorter  than  their  equatorial  diam- 
eters. But  the  true  figure  of  Venus  has 
never  yet  been  ascertained,  because  it  is  only 
at  the  superior  conjunction  that  she  presents 
a  full,  enlightened  hemisphere,  and  when 
both  diameters  can  be  measured,  except  at 
the  time  when  she  transits  the  sun's  disk, 
which  happens  only  twice  in  the  course  of 
120  years.f 

|  The  late  Dr.  Benjamin  Martin,  when  describ- 
ing the  nature  of  the  solar  telescope,  in  his  "  Phi- 
losophia  Britannica,"  vol.  iii.  p.  85,  gives  the 
following  relation  :  "  I  cannot  here  omit  to  men- 
tion a  very  unusual  phenomenon  that  1  observed 
about  ten  years  ago  in  my  darkened  room.  Thft 
window  looked  towards  the  west,  and  the  spiro 
of  Chichester  Cathedral  was  before  it  at  the  dis- 
tance of  50  or  60  yards.  I  used  very  often  to  divert 
myself  by  observing  the  pleasant  manner  in  which 
the  sun  passed  behind  the  spire,  and  was  eclipsed 
by  it  for  some  time  ;  for  the  image  of  the  sun  and 
of  the  spire  were  very  large,  being  made  by  a  lens 
of  12  feet  focal  distance  ;  and  once,  as  I  observed 
the  occultation  of  the  sun  behind  the  spire,  just  as 
the  disk  disappeared,  I  saw  several  small,  bright, 
round  bodies  or  balls  running  towards  the  sun 
from  the  dark  part  of  the  room,  even  to  the  dis- 
tance of  20  inches.  1 1  observed  their  motion  was 
a  little  irregular,  but'rectilinear,  and  seemed  ac- 
celerated as  they  approached  the  sun.  These  lu- 
minous globules  appeared  also  on  the  other  side 
of  the  spire,  and  preceded  the  sun,  running  out 
into  the  dark  room,  sometimes  more,  sometimes 
less,  together,  in  the  same  manner  as  they  follow- 
ed the  sun  at  its  occultation.  They  appeared  to 
be,  in  general,  one-twentieth  of  an  inch  in  diame- 
ter, and  therefore  must  be  very  large,  luminous 
globes  in  some  part  of  the  heavens,  whose  light 
was  extinguished  by  that  of  the  sun,  so  that  they 
appeared  not  in  open  daylight;  but  whether  of 
the  meteor  kind,  or  what  sort  of  bodies  they 
might  be,  I  could  not  conjecture."  Professor 
Hansteen  mentions  that,  when  employed  in  mea- 
suring the  zenith  distances  of  the  pole  star,  he  ob- 
served a  somewhat  similar  phenomenon,  which 
he  described  as  "a  luminous  body  which  passed 
over  the  field  of  the  universal  telescope  ;  that  its 
motion  was  neither  perfectly  equal  nor  rectilinear, 
but  resembled  very  much  the  unequal  and  some- 
what serpentine  motion  of  an  ascending  rocket ;" 
and  he  concluded  that  it  must  have  been  "  a  me- 
teor" or  "shooting  star"  descending  from  the 
higher  regions  of  the  atmosphere.  (See  Edinburgh 
Philosophical  Journal  for  April,  1825,  No.  xxiv.) 

In  my  frequent  observations  on  Venus,  to  deter- 
mine the  nearest  positions  to  the  sun  in  which 
that  planet  could  be  seen,  I  had  several  times  an 
opportunity  of  witnessing  similar  phenomena.  I 
was  not  a  little  surprised,  when  searching  for  the 
planet,  frequently  to  perceive  a  body  pass  across 
the  field  of  the  telescope,  apparently  of  the  same 
size  as  Venus,  though  sometimes  larger  and  some- 
times smaller,  so  that  I  frequently  mistook  that 
body  for  the  planet,  till  its  rapid  motion  unde- 
ceived me.  In  several  instances  four  or  five  of 
these  bodies  appeared  to  cross  the  field  of  view, 
sometimes  in  a  perpendicular,  and  at  other  timed 


OBSERVATIONS  ON  THE  PLANETS. 


167 


The   following   conclusions    are    deduced 
from  the  observations  on  Venus : 

1.  That  this  planet  may  be  seen  distinctly, 
with  a  moderate  degree  of  magnifying  power, 
at  the  moment  of  its  superior  conjunction 
with  the  sun,  when  its  geocentric  latitude, 
either  north  or  south,  at  the  time  of  conjunc- 
tion, is  not  less  than   1°   14',  or  when  the 
planet  is  about  58'  from  the  sun's  limb.  This 
conclusion  is  deduced  from  the  observation  of 
October  2,  1843,*  stated  above. 

2.  Another  conclusion  is,  that  during  the 
space  of  583  days,  or  about  19  months — the 
time  this  planet  takes  in  moving  from   one 
conjunction  with  the  sun  to  a  like  conjunction 
again — when  its  latitude  at  the  time  of  its 
superior  conjunction  exceeds  1°  14',  it  may 


be  seen  with  an  equatorial  telescope  every 
clear  day  without  interruption,  except  about 
the  period  of  its  inferior  conjunction,  when 
its  dark  hemisphere  is  turned  towards  the 
earth,  and  a  short  time  before  and  after  it. 
When  its  geocentric  latitude  is  less  than  1° 
14/  it  will  be  hid  only  about  four  days  before, 
and  the  same  time  after  its  superior  conjunc- 
tion. During  the  same  period  it  will  be  in- 
visible to  the  naked  eye,  and  consequently  no 
observations  can  be  made  upon  it  with  a 
common  telescope  for  nearly  six  months,  and 
sometimes  more,  according  as  its  declination 
is  north  or  south,  namely,  about  two  or  three 
months  before,  and  the  same  time  after  its 
superior  conjunction,  except  where  there  is  a 
very  free  and  unconfined  horizon.  In  regaod 


in  a  horizontal  direction.  They  appeared  to  be 
luminous  bodies,  somewhat  resembling  the  ap- 
pearance of  a  planet  when  viewed  in  the  daytime 
with  a  moderate  magnifying  power.  Their  motion 
was  nearly  rectilinear,  but  sometimes  inclined  to 
a  waving  or  serpentine  form,  and  they  appeared 
to  move  with  considerable  rapidity— the  telescope 
being  furnished  with  a  power  of  about  70  times. 
I  was  for  a  considerable  time  at  a  loss  what  opi- 
nion to  form  of  the  nature  of  these  bodies  ;  but, 
having  occasion  to  continue  these  observations 
almost  every  clear  day  for  nearly  a  twelvemonth, 
I  had  frequent  opportunities  of  viewing  this  phe- 
nomenon in  different  aspects,  and  was  at  length 
enabled  to  form  an  opinion  as  to  the  cause  of  at 
least  some  of  the  appearances  which  presented 
themselves.  In  several  instances,  the  bodies 
alluded  to  appeared  much  larger  than  usual,  and 
to  move  with  a  more  rapid  velocity  ;  in  which 
case  I  could  plainly  perceive  that  they  were  no- 
thing else  than  birds  of  different  sizes,  and  appa- 
rently at  different  distances,  the  convex  surface 
of  whose  bodies,  in  certain  positions,  strongly  re- 
flected the  solar  rays.  In  other  instances,  when 
they  appeared  smaller,  their  true  shape  was  un- 
distinguishable,  by  reason  of  their  motion  and 
their  distance. 

Having  inserted  a  few  remarks  on  this  subject 
in  No.  xxv.  of  the  Edinburgh  Philosophical  Jour- 
nal for  July,  1825,  particularly  in  reference  to 
Professor  iiansteen's  opinion,  that  article  came 
under  the  review  of  M.  rferres,  sub-prefect  of  Em- 
brun,  in  a  paper  inserted  in  the  Annales  de  Chimie 
for  October,  1825,  entitled,  "Notices  regarding 
fiery  meteors  seen  during  the  day."  (See  Edin- 
burgh Philosophical  Journal  for  July,  1826,  p. 
114.)  In  the  discussion  of  this  subject,  M.  Serres 
admits  that  the  light  reflected  very  obliquely  from 
the  feathers  of  a  bird  is  capable  of  producing  an 
effect  similar  to  that  which  I  have  now  described, 
but  that  "  the  explanation  ought  not  to  be  general- 
ized." He  remarks,  that  while  observing  the  sun 
at  the  repenting  circle,  he  frequently  perceived, 
even  through  the  coloured  glass  adapted  to  the 
eyepiece,  large  luminous  points  which  traversed 
the  field  of  the  telescope,  and  which  appeared  too 
well  defined  not  to  admit  them  to  be  distant,  and 
subtended  too  large  angles  to  imagine  them  birds. 
In  illustration  of  this  subject,  he  states  the  follow- 
ing facts:  On  the  7th  of  September,  1820,  after 
having  observed  for  some  time  the  eclipse  of  the 
sun  which  happened  on  that  day,  he  intended  to 
take  a  walk  in  the  fields,  and  on  crossing  the  town, 
he  saw  a  numerous  group  of  individuals  of  every 
age  and  sex,  who  had  their  eyes  fixed  in  the  di- 
rection of  the  sun.  Further  on,  he  perceived  an- 
other group,  having  their  eyes  in  like  manner 
turned  towards  the  sun.  He  questioned  an  intel- 


ligent artist  who  was  among  them  to  learn  the 
object  that  fixed  his  attention.  He  replied,  "We 
are  looking  at  the  stars  which  are  detaching  them- 
selves from  the  sun."  "  You  may  look  yourself; 
that  will  be  the  shortest  way  to  learn  the  fact." 
He  looked,  and  saw,  in  fact,  not  stars,  but  balls 
of  fire,  of  a  diameter  equal  to  the  largest  stars, 
which  were  projected  in  various  directions  from 
the  upper  hemisphere  of  the  sun,  with  an  incalcu- 
lable velocity  ;  and  although  this  velocity  of  pro- 
jection appeared  the  same  in  all,  yet  they  did  not 
all  attain  the  same  distance.  These  globes  were 
projected  at  unequal  and  pretty  short  intervals. 
Several  were  often  projected  at  once,  but  always 
diverging  from  one  another.  Some  of  them  de- 
scribed a  right  line,  and  were  extinguished  in  the 
distance  :  some  described  a  parabolic  line,  and 
were  in  like  manner  extinguished;  others,  again, 
after  having  removed  to  a  certain  distance  in  a 
right  line,  retrograded  upon  the  same  line,  and 
seemed  to  enter,  still  luminous,  into  the  sun's 
disk.  The  ground  of  this  magnificent  picture  was 
a  sky-blue,  somewhat  tinged  with  brown.  Such 
was  his  astonishment  at  the  sight  of  so  majestic  a 
spectacle,  that  it  was  impossible  for  him  to  keep 
his  eyes  off  it  till  it  ceased,  which  happened  gra- 
dually as  the  eclipse  wore  off  and  the  solar  rays 
resumed  their  ordinary  lustre.  It  was  remarked 
by  one  of  the  crowd  that  "  the  sun  projected  moat 
stars  at  the  time  when  it  was  palest  ;"  and  that 
the  circumstance  which  first  excited  attention  to 
this  phenomenon  was  that  of  a  woman,  who  cried 
out,"  Come  here !  come  and  see  the  flames  that 
are  issuing  from  the  sun!" 

I  have  stated  the  above  facts  because  they  may 
afterward  tend  to  throw  light  upon  certain  objects 
or  phenomena  with  which  we  are  at  present  un- 
acquainted. The  phenomenon  of  "falling  stars" 
has  of  late  years  excited  considerable  attention, 
and  it  seems  now  to  be  admitted  that  at  least  cer- 
tain species  of  these  bodies  descend  from  regions 
far  beyond  the  limits  of  our  atmosphere.  This 
may  be  pronounced  as  certain  with  regard  to  the 
"  November  Meteors."  May  not  some  of  the 
phenomena  described  above  be  connected  with 
the  fall  of  meteoric  stones — the  showers  of  falling 
stars  seen  on  the  12th  and  13th  of  November,  or 
other  meteoric  phenomena  whose  causes  we  have 
hitherto  been  unable  to  explain?  Or,  may  we 
conceive  that  certain  celestial  bodies,  with  whose 
nature  and  destination  we  are  as  yet  unacquaint- 
ed, may  be  revolving  in  different  courses  in  the 
regions  around  us,  some  of  them  opaque  and 
others  luminous,  and  whose  liffht  is  undistinguish- 
able  by  reason  of  the  solar  effulgence  ? 

*  For  an  explanation  of  the  manner  of  viewing 
Venus  at  her  superior  conjunction,  see  "Celestial 
Scenery." 
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to  the' time  in  which  this  planet  can  be  hid 
about  the  period  of  its  inferior  conjunction,  I 
have  ascertained  from  observation  that  it  can 
never  be  hid  longer  than  during  a  space  of  2 
days  22  hours,  having  seen  Venus,  about 
noon,  like  a  fine,  slender  crescent,  only  35 
hours  after  she  had  passed  the  point  of  her 
inferior  conjunction ;  and  in  a  late  instance 
she  was  seen  when  little  more  than  a  day 
from  the  period  of  conjunction.  The  longest 
time,  therefore,  that  this  planet  can  be  hid 
from  view  during  a  period  of  583  days,  is  only 
about  ten  days ;  and  when  its  latitude  at  the 
time  of  the  superior  conjunction  equals  or  ex- 
ceeds 1°  14',  it  can  be  hid  little  more  than 
two  days.  This  is  a  circumstance  which  can- 
not be  affirmed  of  any  other  celestial  body, 
the  sun  only  excepted. 

3.  That  every  variation  of  the  phases  of 
this  planet,  from  a  slender  crescent  to  a  full, 
enlightened  hemisphere,  may,  on  every  clear 
day,  be  conveniently  exhibited  by  means  of 
the  equatorial  telescope.     This  circumstance 
renders  this  instrument  peculiarly  useful  in 
the  instruction  of  the  young  in  the  principles 
of  astronomy  ;  for  if  the  phase  which  Venus 
should  exhibit  at  any  particular  time  be  known, 
the  equatorial  telescope  may  be  directed  to 
the  planet,  and  its  actual  phase  in  the  heavens 
be  immediately  exhibited  to  the  astronomical 
pupil. 

4.  Since  it  is  only  at  the  period  of  the 
superior  conjunction  that  this  planet  presents 
a  full,  enlightened  hemisphere,  and  since  it  is 
only  when  this  phase  is  presented  that  both 
its  diameters  can  be  measured,  it  is  of  some 
importance  that  observations  be  made  on  it  at 
the   moment   of  conjunction,  by  means  of 
powerful  telescopes  furnished  with  microme- 
ters, so  as  to  determine  the  difference  (if  any) 
between  its  polar  and  equatorial  diameters. 

5.  Another  conclusion  from  the  observa- 
tions on  Venus  is,  that  a  moderate  diminution 
of  the  aperture  of  the  object-glass  of  the  tele- 
scope is  useful,  and  even  necessary,  in  view- 
ing this  planet  when  near  the  sun.     Its  effect 
is  owing  in  part  to  the  direct  solar  rays  being 
thereby  effectually  excluded,  for  when  these 
rays  enter  directly  into  the  tube  of  the  tele- 
scope, it  is  very  difficult,  and  almost  impossi- 
ble, to  perceive  this  planet,  or  any  other  ce- 
lestial body  when  in  the  vicinity  of  the  sun. 

Observations  on  Jupiter  and  other  Planets. 

This  planet  is  very  easily  distinguished  in 
the  daytime  with  a  very  moderate  magnify- 
ing power,  when  it  is  not  within  30°  or  35° 
of  the  sun.  The  following  extract  from  my 
memorandums  may  serve  as  a  specimen : 
May  12,  1813,  lh  40m  PM.,  saw  Jupiter  with 
a  power  of  15  times,  the  aperture  not  con- 
tracted. The  planet  appeared  so  distinct 
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with  this  power  that  I  have  reason  to  believe 
it  would  have  been  perceived  with  a  power 
of  six  or  seven  times.  When  the  aperture 
was  contracted  to  T9jjths  of  an  inch,  and  after- 
ward to  half  an  inch,  there  was  little  percep- 
tible difference  Th  its  appearance.  It  was 
then  about  58°  in  longitude  east  of  the  sun. 

Though  Jupiter,  when  at  a  considerable 
distance  from  the  sun,  and  near  his  opposition, 
appears  to  the  naked  eye  with  a  brilliancy 
nearly  equal  to  that  of  Venus,  yet  there  is  a  very 
striking  difference  between  them  in  respect 
of  lustre  when  viewed  in  daylight.  Jupiter, 
when  viewed  with  a  high  magnifying  power 
in  the  daytime,  always  exhibits  a  very  dull, 
cloudy  appearance,  whereas  Venus  appears 
with  a  moderate  degree  of  splendour.  About 
the  end  of  June,  1813,  between  five  and  six 
in  the  evening,  having  viewed  the  planet 
Venus,  then  within  20°  of  the  sun,  and  which 
appeared  with  a  moderate  degree  of  lustre,  I 
directed  the  telescope  to  Jupiter,  at  that  time 
more  than  32°  from  the  sun,  when  the  con- 
trast between  the  two  planets  was  very  strik- 
ing, Jupiter  appearing  so  faint  as  to  be  just 
discernible,  though  his  apparent  magnitude 
was  nearly  double  that  of  Venus.  In  this 
observation  a  power  of  65  was  used.  In  his 
approach  towards  the  sun,  about  the  end  of 
July,  I  could  not  perceive  him  when  he  was 
within  16°  or  17°  of  his  conjunction  with 
that  luminary.  These  circumstances  furnish 
a  sensible  and  popular  proof,  independently 
of  astronomical  calculations,  that  the  planet 
Jupiter  is  placed  at  a  much  greater  distance 
from  the  sun  than  Venus,  since  its  light  is 
so  faint  as  to  be  scarcely  perceptible  when 
more  than  20  degrees  from  the  sun,  while 
that  of  Venus  is  distinctly  seen  amid  the  full 
splendour  of  the  solar  rays,  when  only  about 
a  degree  from  the  margin  of  that  luminary. 
With  a  power  of  65  I  have  been  enabled  to 
distinguish  the  belts  of  Jupiter  before  sunset, 
but  could  never  perceive  any  of  his  satellites 
till  the  sun  was  below  the  horizon.  There 
are  no  observations  which  so  sensibly  and 
strikingly  indicate  the  different  degrees  of  light 
emitted  by  the  different  planets  as  those  which 
are  made  in  the  daytime.  To  a  common  ob- 
server, during  night,  Jupiter  and  Venus  ap- 
pear, in  a  clear  sky,  nearly  with  equal  bril- 
liancy, and  even  Mars,  when  about  the  point 
of  his  oppositi&n  to  the  sun,  appears  with  a 
lustre  somewhat  similar,  though  tinged  with 
a  ruddy  hue ;  but  when  seen  in  daylight  their 
aspect  is  very  dissimilar.  This  circumstance 
evidently  indicates,  1.  That  these  planets  are 
placed  at  different  distances  from  the  sun,  and 
consequently  are  furnished  with  different  de- 
grees of  light  proportional  to  the  square  of 
their  distances  from  that  luminary ;  and,  2. 
That  there  are  certain  circumstances  con- 
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nected  with  the  surfaces  and  atmospheres  of 
the  planetary  bodies  which  render  the  light 
they  emit  more  or  less  intense,  independently 
of  their  different  distances  from  the  central 
luminary ;  for  Mars,  though  much  nearer  to 
the  sun  than  Jupiter,  is  not  so  easily  distin- 
guished in  the  daytime,  and  even  in  the  night 
lime  appears  with  a  lers  degree  of  lustre. 

My  observations  on  Saturn  in  daylight 
have  not  been  so  frequent  as  those  on.  Jupiter. 
I  have  been  enabled  to  distinguish  his  ring 
several  times  before  sunset  with  a  power  of 
65,  but  his  great  southern  declination,  and 
consequent  low  altitude,  a*  the  periods  when 
these  observations  were  made,  were  unfavour- 
able for  determining  the  degree  of  his  visibility 
in  daylight ;  for  a  planet  or  a  star  is  always 
more  distinctly  perceptible  in  a  high  than  in 
a  low  altitude,  on  account  of  the  superior 
purity  of  the  atmosphere  through  which  a 
celestial  object  is  seen  when  at  a  high  eleva- 
tion above  the  horizon.  This  planet,  how- 
ever, is  not  nearly  so  distinctly  visible  in  day- 
light as  Jupiter,  and  I  have  chiefly  seen  it 
when  the  sun  was  not  more  than  an  hour  or 
two  above  the  horizon,  but  never  at  noonday, 
although  it  is  probable  that  with  powerful  in- 
struments it  may  be  seen  even  at  that  period 
of  the  day,  The  planet  Mars  is  seldom  dis- 
tinctly visible  in  the  daytime,  except  when  at 
no  great  distance  from  its  opposition  to  the 
sun.  The  following  is  a  memorandum  of  an 
observation  on  Mars,  when  in  a  favourable 
position:  October  24,  1836,  saw  the  planet 
Mars  distinctly  with  a  power  of  about  60,  at 
40  minutes  past  9  AM.,  the  sun  having  been 
above  the  horizon  nearly  three  hours.  It  ap- 
peared tolerably  distinct,  but  scarcely  so  bril- 
liant as  a  fixed  star  of  the  first  magnitude, 
though  with  apparently  as  much  light  as 
Jupiter  generally  exhibits  when  viewed  in 
daylight.  It  could  not  be  traced  longer  at  the 
time,  so  as  to  ascertain  if  it  could  be  seen  at 
midday,  on  account  of  the  interposition  of  the 
western  side  of  the  window  of  the  place  of 
observation.  The  ruddy  aspect  of  this  planet 
—doubtless  caused  by  a  dense  atmosphere 
with  which  it  is  environed — is  one  of  the 
causes  which  prevents  its  appearing  with 
brilliancy  in  the  daytime.  With  respect  to 
the  planet  Mercury,  I  have  had  opportunities 
of  observing  it  several  times  after  sunrise  and 
before  sunset,  about  10  or  12  days  before  and 
after  its  greatest  elongation  from  the  sun, 
with  a  power  of  45.  I  have  several  times 
searched  for  this  planet  about  noon,  but  could 
not  perceive  it.  The  air,  however,  at  the 
times  alluded  to,  was  not  very  clear,  and  I 
was  not  certain  that  it  was  within  the  field  of 
of  the  telescope,  and  therefore  I  am  not  con- 
vinced but  that,  with  a  moderately  high  power, 
it  may  be  seen  even  at  noonday. 


Such  are  some  specimens  of  the  observa- 
tions I  have  made  on  the  heavenly  bodies  in 
the  daytime,  and  the  conclusions  which  may 
be  deduced  from  them.  I  have  been  induced 
to  communicate  them  from  the  consideration 
that  the  most  minute  facts  in  relation  to  any 
science  are  worthy  of  being  known,  and  may 
possibly  be  useful.  They  may  at  least  gratify 
the  astronomical  tyro  with  some  information 
which  he  will  not  find  in  the  common  treatises 
on  Astronomy,  and  may  perhaps  excite  him 
to  prosecute  a  train  of  similar  observations  for 
confirming  or  correcting  those  which  have 
been  noted  above. 

Besides  the  deductions  already  stated,  the 
following  general  conclusions  may  be  noted : 
1.  That  a  celestial  body  may  be  as  easily  dis- 
tinguished at  noonday  as  at  any  time  between 
the  hours  of  nine  in  the  morning  and  three  in 
the  afternoon,  except  during  the  short  days  in 
winter.  2.  They  are  more  easily  distinguished 
at  a  high  than  at  a  low  altitude — in  the  after- 
noon than  in  the  morning,  especially  if  their 
altitudes  be  low — and  in  the  northern  region 
of  the  heavens  than  in  the  southern.  The 
difficulty  of  perceiving  them  at  a  low  altitude 
is  obviously  owing  to  the  thick  vapours  near 
the  horizon.  Their  being  less  easily  distin- 
guished in  the  morning  than  in  the  afternoon 
is  owing  to  the  undulations  of  the  atmosphere, 
which  are  generally  greater  in  the  morning 
than  in  the  afternoon.  This  may  be  evidently 
perceived  by  looking  at  distant  land  objects  at 
those  times,  in  a  hot  day,  through  a  telescope 
which  magnifies  about  40  or  50  times,  when 
they  will  be  found  to  appear  tremulous  and 
distorted  in  consequence  of  these  undulations, 
especially  if  the  sun  be  shining  bright.  In 
consequence  of  this  circumstance,  we  can 
seldom  use  a  high  terrestrial  power  with  effect 
on  land  objects  except  early  in  the  morning 
and  a  short  time  before  sunset.  Their  being 
more  easily  distinguished  in  the  northern  re- 
gion of  the  heavens  is  owing  to  that  part  of 
the  sky  being  of  a  deeper  azure,  on  account 
of  its  being  less  enlightened  than  the  southern 
with  the  splendour  of  the  solar  rays. 

Utility  of  Celestial  Day  Observations. 

The  observations  on  the  heavenly  bodies  in 
the  daytime,  to  which  I  have  now  directed 
the  attention  of  the  reader,  are  not  to  be  con- 
sidered as  merely  gratifications  of  a  rational 
curiosity,  but  may  be  rendered  subservient  to 
the  promotion  of  astronomical  science.  As 
to  the  planet  Venus :  when  I  consider  the 
degree  of  brilliancy  it  exhibits,  even  in  day- 
light, I  am  convinced  that  useful  observations 
might  frequently  be  made  on  its  surface  in 
the  daytime,  to  determine  some  of  its  physical 
peculiarities  and  phenomena.  Such  observa- 
tions might  set  at  rest  any  disputes  which 
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may  still  exist  respecting  the  period  of  rota- 
tion of  this  planet.  Cassini,  from  observations 
on  a  bright  spot,  which  advanced  20°  in  24 
34m,  determined  the  time  of  its  rotation  to  be 
23  hours  20  minutes.  On  the  other  hand, 
Bianchini,  from  similar  observations,  concluded 
that  its  diurnal  period  was  24  days  and  8 
hours.  The  difficulty  of  deciding  between 
these  two  opinions  arises  from  the  short  time 
in  which  observations  can  be  made  on  this 
planet,  either  before  sunrise  or  after  sunset, 
which  prevents  us  from  tracing  with  accuracy 
the  progressive  motion  of  its  spots  for  a  suf- 
ficient length  of  time;  and,  although  an  ob- 
server should  mark  the  motion  of  the  spots  at 
he  same  hour  on  two  succeeding  evenings, 
and  find  they  had  moved  forward  15°  in  24 
hours,  he  would  still  be  at  a  loss  to  deter- 
mine whether  they  had  moved  only  15°  in  all 
since  the  preceding  observation,  or  had 
finished  a  revolution  and  15°  more.  If,  there- 
fore, any  spots  could  be  perceived  on  the  sur- 
face of  Venus  in  the  daytime,  their  motion 
might  be  traced,  when  she  is  in  north  decima- 
tion, for  1 2  hours  or  more,  which  would  com- 
pletely settle  the  period  of  rotation.  That  it 
is  not  improbable  that  spots  fitted  for  this  pur- 
pose may  be  discovered  on  her  disk  in  the 
daytime,  appears  from  some  of  the  observa- 
tions of  Cassini,  who  saw  one  of  her  spots 
when  the  sun  was  more  than  eight  degrees 
above  the  horizon.*  The  most  distinct  and 
satisfactory  views  I  have  ever  had  of  this  pla- 
net were  those  which  I  obtained  in  the  day- 
time, in  summer,  when  it  was  viewed  at  a 
high  altitude  with  a  44J  inch  achromatic 
telescope,  carrying  a  power ,  of  150.  I  have 
at  such  times  distinctly  perceived  the  distinct- 
tion  between  the  shade  and  colour  of  its 
margin  and  the  superior  lustre  of  its  central 
parts,  and  some  spots  have  occasionally  been 
seen,  though  riot  so  distinctly  marked  as  to 
determine  its  rotation.  Such  distinct  views 
are  seldom  to  be  obtained  in  the  evening  after 
sunset,  on  account  of  the  undulations  of  the 
atmosphere,  and  the  dense  mass  of  vapours 
through  which  the  celestial  bodies  are  viewed 
when  near  the  horizon. 

Nor  do  I  consider  it  altogether  improbable 
that  its  satellite  (if  it  have  one,  as  some  have 
supposed)  may  be  detected  in  the  daytime, 
when  this  planet  is  in  a  favourable  position 
for  such  an  observation,  particularly  when  a 
pretty  large  portion  of  its  enlightened  surface 
is  turned  towards  the  earth,  and  when  its 
satellite,  of  course,  must  present  a  similar 
phase.  About  the  period  of  its  greatest  elon- 
gation from  the  sun,  and  soon  after  it  assumes 
a  crescent  phase,  in  its  approach  to  the  in- 

*  See  Long's  Astronomy,  vol.  ii.  p.  487,  and 
Encyclopedia  Britannica,  vol.  ii.  p.  436,  3d 
edition. 
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ferior  conjunction,  may  be  considered  as  the 
most  eligible  times  for  prosecuting' such  ob- 
servations. If  this  supposed  satellite  be  about 
one-third  or  one-fourth  of  the  diameter  of  its 
primary,  as  Cassini,  Short,  Baudouin,  Mont- 
barron,  Montaigne,  and  other  astronomers 
supposed,  it  must  be  nearly  as  large  as  Mer- 
cury, which  has  been  frequently  seen  in  day- 
light. If  such  a  satellite  have  a  real  existence, 
and  yet  undistinguishable  in  daylight,  its  sur- 
face must  be  of  a  very  different  quality  for 
reflecting  the  rays  of  light  from  that  of  its 
primary  ;  for  it  is  obvious  to  every  one  who 
has  seen  Venus  with  a  high  power  in  the 
daytime,  that  a  body  of  equal  brilliancy,  though 
four  times  less  in  diameter,  would  be  quite 
perceptible,  and  exhibit  a  visible  disk.  Such 
observations,  however,  would  be  made  with 
much  greater  effect  in  Italy  and  other  southern 
countries,  and  particularly  in  tropical  climates, 
such  as  the  southern  parts  of  Asia  and 
America,  and  in  the  West  India  islands, 
where  the  sky  is  more  clear  and  serene,  and 
where  the  planet  may  be  viewed  at  higher 
altitudes  and  for  a  greater  length  of  timev 
without  the  interruption  of  clouds,  than  in 
our  island. 

Again,  the  apparent  magnitudes  of  the 
fixed  stars,  the  quantity  of  light  they  respect- 
ively emit,  and  the  precise  class  of  magnitude 
which  should  be  assigned  to  them,  might  be  , 
more  accurately  determined  by  day  observa- 
tions than  by  their  appearance  in  the  noctur- 
nal sky.  All  the  stars  which  are  reckoned  to 
belong  to  the  first  magnitude  are  not  equally 
distinguishable  in  daylight.  For  example,  the 
stars  Aldebaran  and  Procyon  are  not  so 
easily  distinguished,  nor  do  they  appear  with 
the  same  degree  of  lustre  by  day,  as  the  stars 
a  LyrsR  and  Capella.  In  like  manner,  the 
stars  Alfair,  Alphard,  Deneb  Ras  Alhague, 
considered  as  belonging  to  the  second  magni- 
tude, are  not  equally  distinguishable  by  the 
same  aperture  and  magnifying  power,  which 
seems  to  indicate  that  a  different  quantity  of 
light  is  emitted  by  these  stars,  arising  from  a 
difference  either  in  their  magnitude,  their  dis- 
tance, or  the  quality  of  the  light  with  which 
they  are  irradiated. 

The  following  are  likewise  practical  pur- 
poses to  which  celestial  day  observations  may 
be  applied.  In  accurately  adjusting  circular 
and  transit  instruments,  it  is  useful,  and  even 
necessary,  for  determining  the  exact  position 
of  the  meridian,  to  take  observations  of  cer- 
tain stars  which  differ  greatly  in  zenith  dis- 
tance, and  which  transit  the  meridian  nearly 
at  the  same  time.  But  as  the  stars  best 
situated  for  this  purpose  cannot,  at  every  sea- 
son, be  seen  in  the  evenings,  we  must,  in 
certain  cases,  wait  for  several  months  before 
such  observations  can  be  made,  unless  we 
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make  them  in  the  daytime,  which  can  very 
easily  be  done  if  the  instrument  have  a  tele- 
scope adapted  to  it,  furnished  with  such 
powers  as  those  above  stated,  or  higher  powers 
if  required.  I  have  likewise  made  use  of  ob- 
servations on  the  stars  in  the  daytime  for  ad- 
justing a  clock  or  watch  to  mean  time,  when 
tiie  sun  was  in  a  situation  beyond  the  range 
of  the  instrument,  or  obscured  by  clouds,  and 
when  I  did  not  choose  to  wait  till  the  evening. 
This  may,  at  first  view,  appear  to  some  as 
paradoxical,  since  the  finding  of  a  star  in 
daylight  depends  on  our  knowing  its  right 
ascension  from  the  sun,  and  this  last  circum- 
stance depends,  in  some  measure,  on  our 
knowing  the  true  time.  But  if  a  watch  or 
clock  is  known  not  to  have  varied  above  seven 
or  eight  minutes  from  the  time,  a  star  of  the 
first  magnitude  may  easily  be  found  by  mov- 
ing the  telescope  a  little  backward  or  forward 
till  the  star  appear;  and  when  it  is  once 
found,  the  exact  variation  of  the  movement  is 
then  ascertained  by  comparing  the  calculations 
which  were  previously  necessary  with  the 
time  pointed  out  by  the  nonius  on  the  equa- 
torial circle ;  or,  in  other  words,  by  ascertain- 
ing the  difference  between  the  time  assumed 
and  the  time  indicated  by  the  instrument 
when  the  star  appears  in  the  centre  of  the 
field  of  view.  All  this  may  be  accomplished 
in  five  or  six  minutes. 

Besides  the  practical  purposes  now  stated, 
the  equatorial  telescope  is  perhaps  the  best  in- 
strument for  instructing  a  learner  in  the  vari- 
ous operations  of  practical  astronomy,  and 
particularly  for  enabling  him  to  distinguish 
the  names  and  positions  of  the  principal  stars ; 
for  when  the  right  ascension  and  declination 
of  any  star  is  known  from  astronomical  tables, 
the  telescope  may  be  immediately  adjusted  to 
point  to  it,  which  will  infallibly  prevent  his 
mistaking  one  star  for  another.  In  this  way, 
likewise,  the  precise  position  of  the  planet 
Merof-y,  Uranus,  Vesta,  Juno,  Ceres,  Pal- 
las, a  small  comet,  a  nebula,  a  double  star,  or 
any  other  celestial  body  not  easily  distinguish- 
able by  the  naked  eye,  may  be  readily  pointed 
out,  when  its  right  ascension  and  declination 
are  known  to  a  near  approximation. 

In  conclusion,  I  cannot  but  express  my 
surprise,  that  the  equatorial  telescope  is  so 
little  known,  by  many  of  the  lovers  of  astro- 
nomical science.  In  several  respectable  acade- 
mies in  this  part  of  Britain,  and,  if  I  am  not 
misinformed,  in  most  of  our  universities,  this 
instrument  is  entirely  unknown.  This  is  the 
more  unaccountable,  as  a  small  equatorial  may 
be  purchased  for  a  moderate  sum,  and  as  there 
is  no  single  instrument  so  well  adapted  for 
illustrating  all  the  operations  of  practical  astro- 
nomy. Where  very  great  accuracy  is  not  re- 
quired, it  may  occasionally  be  made  to  serve 
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the  general  purposes  of  a  transit  instrument 
for  observing  the  passages  of  the  sun  and 
stars  across  the  meridian.  It  may  likewise  be 
made  to  serve  as  a  iheodolite  for  surveying 
land  and  taking  horizontal  angles  —  as  a  quad- 
rant for  taking  angles  of  altitude  —  as  a  level 
—  as  an  equal  altitude  instrument  —  an  azi- 
muth instrument  for  ascertaining  the  sun's 
distance  from  the  north  or  south  points  of  the 
horizon  —  and  as  an  accurate  universal  sun- 
dial, for  finding  the  exact  mean  or  true  time 
on  any  occasion  when  the  sun  is  visible.  The 
manner  of  applying  it  to  these  different  pur- 
poses will  be  obvious  to  every  one  who  is  in 
the  least  acquainted  with  the  nature  and  con- 
struction of  this  instrument. 

The  price  of  a  small  equatorial  instrument, 
such  as  that  described  p.  159,  is  about  16 
guineas,  exclusive  of  some  of  the  eyepieces, 
which  were  afterward  added  for  the  purpose 
of  making  particular  observations.  Instru- 
ments of  a  larger  size,  and  with  more  com- 
plicated machinery,  sell  from  50  to  100  guineas 
and  upward.  Messrs.  W.  and  S.  Jones,  Hoi- 
born  London,  construct  such  instruments. 


Every  circle  being  supposed  to  be  divided 
into  360  equal  parts  or  degrees,  it  is  evident 
that  90  degrees,  or  the  fourth  part  of  a  circle, 
will  be  sufficient  to  measure  all  angles  be- 
tween the  horizon  of  any  place  and  the  line 
perpendicular  to  it  which  goes  up  to  the  zenith. 
Thus,  in  fig.  87,  the  line  C  B  represents  the 
plane  of  the  horizon.  A  C  B  H,  the  quad- 
rant ;  A  C,  the  perpendicular  to  the  horizon  ; 
and  A,  the  zenith  point.  If  the  lines  B  C  and 
C  A  represent  a  pair  of  compasses  with  the 
legs  standing  perpendicular  to  each  other,  and 
the  curved  lines  A 
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B,  D  E,  and  F  G, 
the  quarter  of  as 
many  circles  of  dif- 
ferent sizes,  it  is  evi- 
dent that  although 
each  of  these  differs 
from  the  others  in 
size,  yet  that  each 
contains  the  same 
portion  of  a  circle, 
namely,  a  quadrant 


or  fourth  part ;  and  thus  it  would  be  from  the 
smallest  to  the  largest  quadrant  that  could  be 
formed — they  would  all  contain  exactly  90 
degrees  each.  By  the  application  of  this 
principle,  the  comparative  measure  of  angles 
may  be  extended  to  an  indefinite  distance. 
By  means  of  an  instrument  constructed  in  the 
form  of  a  quadrant  of  a  circle,  with  its  curved 
edge  divided  into  90  equal  parts,  the  altitude 
of  any  object  in  the  heavens  can  at  any  time 
be  determined. 
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There  are  various  constructions  of  this  in- 
strument, some  of  them  extremely  simple,  and 
others  considerably  complex  and  expensive, 
according  to  the  degree  of  accuracy  which  the 
observations  require.  The  following  is  a  de- 
scription of  the  Pillar  Quadrant,  as  it  was 
made  by  Mr.  Bird  for  the  Observatory  of 
Greenwich,  and  several  Continental  observa- 
tories. 

This  instrument  consists  of  a  quadrant, 
E  E  H  G  L  (fig.  88,)  mounted  on  a  pillar, 

Fig.  88. 


B,  which  is  supported  by  a  tripod,  A  A,  rest- 
ing on  three  foot-screws.  The  quadrant,  the 
pillar,  and  the  horizontal  circle  all  revolve 
round  a  vertical  axis.  A  telescope,  H,  is 
placed  on  the  horizontal  radius,  and  is  directed 
to  a  meridian  'mark  previously  made  on  some 
distant  object  for  placing  the  plane  of  the  in- 
strument in  the  meridian,  and  also  for  setting 
the  zero,  or  beginning  of  the  scale,  truly  hori- 
zontal. This  is  sometimes  done  by  a  level 
instead  of  a  telescope,  and  sometimes  by  a 
plumb-line,  G,  suspended  from  near  the  centre, 
and  brought  to  bisect  a  fine  dot  made  on  the 
limb,  where  a  microscope  is  placed  to  examine 
the  bisection.  The  weight  or  plummet  at  the 
end  of  the  plumb-line  is  suspended  in  the 
cistern  of  water  b,  which  keeps  it  from  being 
agitated  by  the  air.  A  similar  dot  is  made 
for  the  upper  end  of  the  plumb-line  upon  a 
piece  of  brass,  adjustable  by  a  screw,  d,  in 
wder  that  the  line  may  be  exactly  at  right 
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angles  to  the  telescope  when  it  is  placed  at  0. 
The  quadrant  is  screwed  by  the  centre  of  its 
frame  against  a  piece  of  brass,  e,  with  three 
screws,  and  this  piece  is  screwed  to  the  top 
of  the  pillar  B  with  other  three  screws.  By 
means  of  the  first  three  screws  the  plane  of 
the  quadrant  can  be  placed  exactly  parallel  to 
the  vertical  axis,  and  by  the  other  screws  the 
telescope  H  can  be  placed  exactly  perpendicu- 
lar to  it.  The  nut  of  the  delicate  screw  L  is 
attached  to  the  end  of  the  telescope  F  by  a 
universal  joint.  The  collar  for  the  other  end 
is  jointed  in  the  same  manner  to  a  clamp, 
which  can  be  fastened  to  any  part  of  the  limb. 
A  similar  clamp-screw  and  slow  motion  is 
seen  at  n  for  the  lower  circle,  which  is  in- 
tended to  hold  the  circle  fast  and  adjust  its 
motion.  The  divisions  of  the  lower,  or  hori- 
zontal circle,  are  read  by  verniers,  or  noniuses, 
fixed  to  the  arms  of  the  tripod  at  /  and  m  ; 
and,  in  some  cases,  three  are  used  to  obtain 
greater  accuracy. 

In  using  this  quadrant,  the  axis  of  the  tele- 
scope H  is  adjusted  to  a  horizontal  line,  and 
the  plane  of  the  quadrant  to  a  vertical  line, 
by  the  means  already  stated.  The  screw  of 
the  clamp  L  is  then  loosened,  and  the  tele- 
scope directed  to  the  star  or  other  object 
whose  altitude  is  required.  The  clamp-screw 
being  fixed,  the  observer  looks  through  the 
telescope,  and  with  the  nut  of  the  screw  L  he 
brings  the  telescope  into  a  position  where  the 
star  is  bisected  by  the  intersection  of  the  wires 
in  the  field  of  the  telescope.  The  divisions 
are  then  to  be  read  off  upon  the  vernier,  and 
the  altitude  of  the  star  will  be  obtained.  By 
means  of  the  horizontal  circle  D,  all  angles  in 
the  plane  of  the  horizon  may  be  accurately 
measured,  such  as  the  amplitudes  and  azimuths 
of  the  celestial  bodies. 

Quadrants  of  ka  more  simple  construction 
than  the  above  may  be  occasionally  used,  such 
as  Gunter's,  Cole's,  Button's,  and  others;  but 
none  of  these  is  furnished  with  telescopes  or 
telescopic  sights,  and  therefore  an  altitude 
cannot  be  obtained  by  them  with  the  same 
degree  of  accuracy  as  with  that  which  has 
been  now  described. 

By  means  of  the  quadrant,  not  only  the 
altitudes  of  the  heavenly  bodies  may  be  de- 
termined, but  also  the  distances  of  objects  on 
the  earth  by  observations  made  at  two  sta- 
tions ;  the  altitude  of  fireballs  and  other  me- 
teors in  the  atmosphere ;  the  height  of  a 
cloud,  by  observation  on  its  altitude  and  ve- 
locity ;  and  numerous  other  problems,  the 
solution  of  which  depends  upon  angular  mea- 
surements. A  Mural  Quadrant  is  the  name 
given  to  this  instrument  when  it  is  fixed  upon 
a  wall  of  stone,  and  in  the  plane  of  the  meri- 
dian, such  as  the  quadrant  which  was  erected 
by  Flamstead  in  the  Observatory  at  Green- 
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wich.  Although  the  quadrant  was  formerly 
much  used  in  astronomical  observations,  yet 
it  may  be  proper  to  state  that  its  use  has  now 
been  almost  completely  superseded  by  the  re- 
cent introduction  of  Astronomical  Circles,  of 
which  we  shall  now  give  the  reader  a  very 
short  description,  chiefly  taken  from  Trough- 
ton's  account  of  the  instrument  he  constructed, 
as  found  in  Sir  D.  Brewster's  Supplement  to 
Ferguson's  Astronomy. 

THE  ASTRONOMICAL  CIRCLE. 

An  astronomical  circle  is  a  complete  circle 
substituted  in  place  of  the  quadrant,  and  dif- 
fers from  it  only  in  the  superior  accuracy  with 
which  it  enables  the  astronomer  to  make  his 
observations.  The  large  vertical  or  declina- 
tion circle  C  C  (fig.  89)  is  composed  of  two 

Fig.  89. 


complete  circles,  strengthened  by  an  edge-bar 
on  their  inside,  and  firmly  united  at  their  ex- 
treme borders  by  a  number  of  short  braces  or 
bars,  whidh  stand  perpendicular  between  them, 
and  which  keep  them  at  such  a  distance  as  to 
admit  the  achromatic  telescope  T  T.  This 
double  circle  is  supported  by  16  conical  bars, 
firmly  united,  along  with  the  telescope  to  a 
horizontal  axis.  The  exterior  limb  of  each 


circle  is  divided  into  degrees  and  parts  of  a 
degree,  and  these  divisions  are  divided  into 
seconds  by  means  of  the  micrometer  micro- 
scopes m  m,  which  read  off  the  angle  on  op- 
posite sides  of  each  circle.  The  cross  wires 
in  each  microscope  may  be  moved  over  the 
limb  till  they  coincide  with  the  nearest  divi- 
sion of  the  limb,  by  means  of  the  micrometer 
screws  c  c,  and  the  space  moved  through  is 
ascertained  by  the  divisions  on  the  graduated 
head  above  c,  assisted  by  a  scale  within  the 
microscope.  The  microscopes  are  supported 
by  two  arms  proceeding  from  a  small  circle 
concentric  with  the  horizontal  axis,  and  fixed 
to  the  vertical  columns.  This  circle  is  the 
centre  upon  which  they  can  turn  round  nearly 
a  quadrant  for  the  purpose  of  employing  a 
new  portion  of  the  divisions  of  the  circle, 
when  it  is  reckoned  prudent  to  repeat  any 
delicate  observations  upon  any  part  of  the 
limb.  At  h  is  represented  a  level  for  placing 
the  axis  in  a  true  horizontal  line,  and  at  k  is 
fixed  another  level  parallel  to  the  telescope 
for  bringing  the  zero  of  the  divisions  to  a  hori- 
zontal position.  The  horizontal  axis  to  which 
the  vertical  circle  and  the  telescope  are  fixed 
is  equal  in  length  to  the  distance  between  the 
vertical  pillars,  and  its  pivots  are  supported 
by  semicircular  bearings  placed  at  the  top  of 
each  pillar.  These  two  vertical  pillars  are 
firmly  united  at  their  bases  to  a  crossbar,  f. 
To  this  crossbar  is  also  fixed  a  vertical  axis 
about  three  feet  long,  the  lower  end  of  which, 
terminating  in  an  obtuse  point,  rests  in  a  brass 
conical  socket  firmly  fastened  at  the  bottom 
of  the  hollow  in  the  stone  pedestal  Z>,  which 
receives  the  vertical  axis.  This  socket  sup- 
ports the  whole  weight  of  the  movable  part 
of  the  instrument.  The  upper  part  of  the 
vertical  axis  is  supported  by  two  pieces  of 
brass,  one  of  which  is  seen  at  e,  screwed  to 
the  ring  i,  and  containing  a  right  angle,  or  Y. 
At  each  side  of  the  ring,  opposite  to  the  points 
of  contact,  is  placed  a  tube  containing  a  heliacal 
spring,  which,  by  a  constant  pressure  on  the 
axis,  keeps  it  against  its  bearings,  and  permits 
it  to  turn,  in  these  four  points  of  contact,  with 
an  easy  and  steady  motion.  The  two  bearings 
are  fixed  upon  two  rings  capable  of  a  lateral 
adjustment ;  the  lower  one  by  the  screw  d  to 
incline  the  axis  to  the  eafct  or  west,  while  the 
screw  b  gives  the  upper  one, «,  a  motion  in 
the  plane  of  the  meridian.  By  this  means 
the  axis  may  be  adjusted  to  a  perpendicular 
position  as  exactly  as  by  the  usual  method  of 
the  tripod  with  foot-screws.  These  rings  are 
attached  to  the  centre-piece  *,  which  is  firmly 
connected  with  the  upper  surface  of  the  stone 
by  six  conical  tubes  A,  A,  A,  &c.,  and  brass 
standards  at  every  angle  of  the  pedestal.  Be- 
low this  frame  lies  the  azimuth  circle,  E  E, 
consisting  of  a  circular  limb,  strengthened  by 
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ten  hollow  cones  firmly  united  with  the  ver- 
tical axis,  and  consequently  turning  freely 
along  with  it.  The  azimuth  circle,  E  E,  is 
divided  and  read  off  in  the  same  manner  as 
the  vertical  circle.  The  arms  of  the  micro- 
scopes, B  B,  project  from  the  ring  i,  and  the 
microscopes  themselves  are  adjustable  by 
screws,  to  bring  them  to  zero  and  to  the  di- 
ameter of  the  circle.  A  little  above  the  ring 
t  is  fixed  an  arm,  L,  which  embraces  and 
holds  fast  the  vertical  axis  with  the  aid  of  a 
clamp-screw.  The  arm  L  is  connected  at  the 
extremity  with  one  of  the  arms  A,  by  means 
of  the  screw  a,  so  that  by  turning  this  screw 
a  slow  motion  is  communicated  to  the  vertical 
axis  and  the  azimuth  circle. 

In  order  to  place  the  instrument  in  a  true 
vertical  position,  a  plumb-line,  made  of  fine 
silver  wire,  is  suspended  from  a  small  hook  at 
the  top  of  the  vertical  tube  n,  connected  by 
braces  with  one  of  the  large  pillars.  The 
plumb-line  passes  through  an  angle  in  which 
it  rests,  and  by  means  of  a  screw  may  be 
brought  into  the  axis  of  the  tube.  The  plum- 
met at  the  lower  end  of  the  line  is  immersed 
in  a  cistern  of  water,  t,  in  order  to  check  its 
oscillations,  and  is  supported  on  a  shelf  pro- 
ceeding from  one  of  the  pillars.  At  the  lower 
end  of  the  tube  n  are  fixed  two  microscopes, 
o  and  p,  at  right  angles  to  one  another,  and 
opposite  to  each  is  placed  a  small  tube  con- 
taining a  lucid  point.  The  plumb-line  is  then 
brought  into  such  a  position  by  the  screws  d 
b,  and  by  altering  the  suspension  of  the 
plumb-line  itself,  that  the  image  of  the  lu- 
minous point,  like  the  disk  of  a  planet  is 
formed  on  the  plumb-line,  'and  accurately 
bisected  by  it.  The  vertical  axis  is  then 
turned  round,  and  the  plumb-line  examined 
in  some  other  position.  If  it  still  bisects  the 
luminous  point,  the  instrument  is  truly  verti- 
cal ;  but  if  it  does  not,  one  half  of  the  devia- 
tion must  be  corrected  by  the  screws  d  b,  and 
the  other  half  by  altering  the  suspension  of 
the  line  till  the  bisection  of  the  circular 
image  is  perfect  in  every  position  of  the  in- 
strument 

It  is  not  many  years  since  circular  repeat- 
ing instruments  came  into  general  use.  The 
principle  on  which  the  construction  of  a  re- 
peating circle  is  founded  appears  to  have  been 
first  suggested  by  Professor  Mayer,  of  Gottin- 
gen,  in  1758;  but  the  first  person  who  ap- 
plied this  principle  to  measure  round  the  limb 
of  a  divided  instrument  was  Borda,  who  about 
the  year  1789,  caused  a  repeating  circle  to  be 
constructed  that  would  measure  with  equal 
facility  horizontal  and  vertical  angles.  After- 
ward Mr.  Troughton  greatly  improved  the 
construction  of  Borda's  instrument  by  the  in- 
troduction of  several  contrivances,  which  in- 
(892) 


sure,  at  the  same  time,  its  superior  accuracy 
and  convenience  in  use ;  and  his  instruments 
have  been  introduced  into  numerous  observa- 
tories. Circular  instruments,  on  a  large  scale, 
have  been  placed  in  the  Royal  Observatory  of 
Greenwich,  and  in  most  of  the  principal  ob- 
servatories on  the  Continent  of  Europe.  Al- 
though it  is  agreed  on  all  hands  that  greater 
accuracy  may  be  obtained  by  a  repeating 
circle  than  by  any  other  having  the  same  ra- 
dius, yet  there  are  some  objections  to  its  use 
which  do  not  apply  to  the  altitude  and  azimuth 
circle.  The  following  are  the  principal  objec- 
tions, as  stated  in  vol.  i.  of  the  "  Memoirs  of 
the  Astronomical  Society  of  London:"  1. 
The  origin  of  the  repeating  circle  is  due  to 
bad  dividing  which  ought  not  to  be  tolerated 
in  any  instrument  in  the  present  state  of  the 
art.  2.  There  are  three  sources  of  fixed 
error  which  cannot  be  exterminates,  as  they 
depend  more  on  the  materials  than  on  the 
wormanship;  first,  the  zero  of  the  level 
changes  with  variations  of  temperature  ;  se- 
condly, the  resistance  of  the  centre  work  to 
the  action  of  the  tangent  screws  ;  and.  thirdly, 
the  imperfection  of  the  screws  in  producing 
motion  and  in  securing  permanent  positions. 

3.  The  instrument  is  applied  with  most  ad- 
vantage  to    slowly    moving   or   circumpolar 
stars ;  but  in  low  altitudes  these  stars  are  seen 
near  the  horizon,  where  refraction  interferes. 

4.  Much  time  and  labour  are  expended,  first 
in  making  the  observations,  and  again  in  re- 
ducing them.     5.  When  any  one  step  in  a 
series  of  observations  is  bad,  the  whole  time 
ahd  labour  are  absolutely  lost.     6.  When  the 
instrument  has  a  telescope  of  small  power, 
the  observations  are  charged  with  errors  of 
vision  which  the  repeating  circle  will  not  cure. 
7.  This  instrument  cannot  be  used  as  a  tran- 
sit instrument,  nor  for  finding  the  exact  me- 
ridian of  a  place. 

A  great  variety  of  directions  is  necessary 
in  order  to  enable  the  student  of  practical  as- 
tronomy thoroughly  to  understand  and  to 
apply  this  instrument  to  practice,  which  the 
limited  nature  of  the  present  work  prevents 
us  from  detailing.  As  this  instrument  con- 
sists of  a  variety  of  complicated  pieces  of  ma- 
chinery, it  is  necessarily  somewhat  expensive. 
A  six-inch  brass  astronomical  circle  for  alti- 
tudes, zenith  or  polar  distances,  azimuths, 
with  achromatic  telescopes,  &c.,  is  marked  in 
Messrs.  W.  and  S.  Jones's  catalogue  of  astro- 
nomical instruments  at  £27  6,y.  A  circle  12 
inches  in  diameter,  from  £36  15s.  to  £68  5s. 
An  18  inch  ditto,  of  the  best  construction, 
£105.  The  larger  astronomical  circles  for 
public  observatories,  from  100  to  1000  guineas 
and  upward,  according  to  their  size,  and  the 
peculiarity  of  their  construction. 
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THE    TRANSIT    INSTRUMENT. 

A  transit  instrument  is  intended  for  ob- 
serving celestial  objects  as  they  pass  across 
the  meiidian.  It  consits  of  a  telescope  fixed 
at  right  angles  to  a  horizontal  axis,  which 
axis  must  be  so  supported  that  what  is  called 
the  line  of  collimation,  or  the  line  of  sight  of 
the  telescope,  may  move  in  the  plane  of  the 
meridian.  This  instrument  was  first  invented 
by  Romer  in  the  year  1689,  but  has  since  re- 
ceived great  improvements  by  Troughton, 
Jones,  and  other  modern  artists.  Transit  in- 
struments may  be  divided  into  two  classes, 
Portable  aud  Fixed.  The  portable  instru- 
ment, when  placed  truly  in  the  meridian,  and 
well  adjusted,  may  be  advantageously  used  as 
a  stationary  instrument  in  an  observatory,  if  its 
dimensions  be  such  as  to  admit  of  a  telescope 
of  3$  feet  focal  length;  but  when  the  main 
tube  is  only  from  20  to  30  inches  long,  with 
a  proportional  aperture,  it  is  more  suited  for  a 
travelling  instrument  to  give  the  exact  time  ; 
and,  when  carried  on  board  a  ship  in  a  voyage 
of  discovery,  may  be  taken  on  shore  at  any 
convenient  place  for  determining  the  solar 
time  of  that  place,  and  for  correcting  the  daily 
rate  of  the  chronometer,  giving  the  time  at 
the  first  meridian,  so  that  the  longitude  of  the 
place  of  observation  may  be  obtained  from 
the  difference  of  the  observed  and  indicated 
times,  after  the  proper  corrections  have  been 
made. 

The  following  is  a  brief  description  of  one 
of  Mr.  Troughton's  portable  transit  instru- 
ments. In  fig.  90,  P  P  is  an  achromatic  tele- 
scope firmly  fixed  by  the  middle  to  a  double 
conical  and  horizontal  axis  H  H,  the  pivots 
of  which  rest  on  angular  bearings  called  Y's, 
at  the  top  of  the  standards  B  B,  rendered 
steady  by  oblique  braces  D  D,  fastened  to  the 
central  part  of  the  circle  A  A.  In  large  fixed 
instruments,  the  pivots  and  angular  bearings 
are  supported  on  two  massive  stone  pillars, 
sunk  several  feet  into  the  ground,  and  are 
sometimes  supported  by  mason-work,  to  se- 
cure perfect  stability.  The  axis  H  H  has  two 
adjustments,  one  for  making  it  exactly  level, 
and  the  other  for  placing  the  telescope  in  the 
meridian.  A  graduated  circle,  Lf  is  fixed  to 
the  extremity  of  the  pivot,  which  extends  be- 
yon  \  one  of  the  Y's  and  the  two  radii  that 
carry  the  verniers,  a  a,  are  fitted  to  the  ex- 
tremities of  the  pivot  in  such  a  way  as  to  turn 
round  independent  of  the  axis.  The  double 
verniers  have  a  small  level  attached  to  them, 
and  a  third  arm,  b,  which  is  connected  with 
the  standard  B  by  means  of  a  screw,  s.  If 
the  verniers  are  placed,  by  means  of  the  level, 
in  a  true  horizontal  position,  when  the  axis  of 
the  telescope  is  horizontal,  and  the  arm  b 
screwed  by  the  screw  s  to  the  standard  B,  the 


Fig.  90. 


verniers  will  always  read  off  the  inclination 
of  the  telescope,  and  will  enable  the  observer 
to  point  it  to  any  star  by  means  of  its  meri- 
dian altitude.  The  whole  instrument  rests  on 
three  foot-screws  entered  into  the  circle  A  A. 
In  the  field  of  view  of  the  telescope  there  are 
several  parallel  vertical  wires,  crossed  at  right 
angles  with  a  horizontal  one,  and  the  tele- 
scope is  sometimes  furnished  with  a  diagonal 
eyepiece  for  observing  stars  near  the  zenith. 
A  level  likewise  generally  accompanies  the 
instrument,  in  order  to  place  it  horizontal  by 
being  applied  to  the  pivots  of  the  axis. 

In  order  to  fix  the  transit  instrument  ex- 
actly in  the  meridian,  a  good  clock  regulated 
to  sidereal  time  is  necessary.  This  regulation 
may  be  effected  by  taking  equal  altitudes  of 
the  sun  or  a  star  before  and  after  they  pass 
the  meridian,  which  may  be  done  by  small 
quadrants  or  by  a  good  sextant.  The  axis 
H  of  the  instrument  is  then  to  be  placed  hori- 
zontal by  a  spirit  level,  which  accompanies 
the  transit,  and  the  greatest  care  mast  be  taken 
that  the  axis  of  vision  describes  in  the  heavens 
a  great  circle  of  the  sphere.  To  ascertain 
whether  the  telescope  be  in  the  plane  of  the 
meridian,  observe  by  the  clock  when  a  cir- 
cumpolar  star  seen  through  the  telescope  tran- 
sits both  above  and  below  the  pole,  and  if  the 
times  of  describing  the  eastern  a.:d  western 
parts  of  its  circuit  be  equal,  the  telescope  is 
then  in  the  plane  of  the  meridian  ;  otherwise, 
certain  adjustments  must  be  made.  When 
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the  telescope  is  at  length  perfectly  adjusted,  a 
landmark  must  be  fixed  upon  at  a  considerable 
distance,  the  greater  the  better.  This  mark 
must  be  in  the  horizontal  direction  of  the  in- 
tersection of  the  cross  wires,  and  in  a  place 
where  it  can  be  illuminated,  if  possible,  in  the 
nighttime,  by  a  lantern  hanging  near  it; 
which  mark  being  on  a  fixed  object,  will  serve 
at  all  times  afterward  for  examining  the  posi- 
tion of  the  telescope. 

Various  observations  and  adjustments  are 
requisite  in  order  to  fixing  a  transit  instru- 
ment exactly  in  the  plane  of  the  meridian. 
There  is  the  adjustment  of  the  level;  the 
horizontal  adjustment  of  the  axis  of  the  tele- 
scope ;  the  placing  of  the  parallel  lines  in  the 
focus  of  the  eyeglass,  so  as  to  be  truly  verti- 
cal, and  to  determine  the  equatorial  value  of 
their  intervals;  the  collimation  in  azimuth, 
so  that  a  line  passing  from  the  middle  vertical 
line  to  the  optical  centre  of  the  object-glass  is 
at  right  angles  with  the  axis  of  the  telescope's 


motion ;  the  collimation  in  altitude,  so  that 
the  horizontal  line  should  cross  the  parallel 
vertical  lines,  not  only  at  right  angles,  but  also 
in  the  optical  centre  of  the  field  of  view,  with 
various  other  particulars,  but  of  which  our 
limited  space  will  not  permit  us  to  enter  into 
details.  Those  who  wish  to  enter  into  all  the 
minute  details  in  reference  to  the  construction 
and  practical  application  of  this  and  the  other 
instruments  above  described,  as  well  as  all  the 
other  instruments  used  by  the  practical  astro- 
nomer, will  find  ample  satisfaction  in  perusing 
the  Rev.  Dr.  Pearson's  Introduction  to  Prac- 
tical Astronomy,  4to,  vol.  ii. 

A  portable  transit  instrument,  with  a  cast- 
iron  stand,  the  axis  12  inches  in  length,  and 
the  achromatic  telescope  about  20  inches, 
packed  in  a  case,  sells  at  about  16  guineas; 
with  a  brass-framed  stand  and  other  additions, 
at  about  20  guineas.  Transit  instruments  of 
larger  dimensions  are  higher  in  proportion  to 
their  size,  &c. 


CHAPTER  III. 

On  Observatories. 


IN  order  to  make  observations  with  conve- 
nience and  effect  on  the  heavenly  bodies,  it  is 
expedient  that  an  observatory,  or  place  for 
making  the  requisite  observations,  be  erected 
in  a  proper  situation.  The  following  are 
some  of  the  leading  features  of  spot  adapted 
for  making  celestial  observations :  1.  It  should 
command  an  extensive  visible  horizon  all 
around,  particularly  towards  the  south  and  the 
north.  2.  It  should  be  a  little  elevated  above 
surrounding  objects.  3.  It  should  be,  if  possi- 
ble, at  a  considerable  distance  from  manufac- 
tories, and  other  objects  which  emit  much 
smoke  or  vapour,  and  even  from  chimney-tops 
where  no  sensible  smoke  is  emitted,  as  the 
heated  air  from  the  top  of  funnels  causes  undu- 
lations in  the  atmosphere.  4.  It  should  be  at 
a  distance  from  swampy  ground  or  valleys 
that  are  liable  to  be  covered  with  fogs  and 
exhalations.  5.  It  should  not,  if  possible,  be 
too  near  public  roads,  particularly  if  paved 
with  stones,  and  frequented  by  heavy  car- 
riages, as  in  such  situations  undulations  and 
tremulous  motions  may  be  produced  injurious 
to  the  making  of  accurate  observations  with 
graduated  instruments.  6.  It  is  expedient 
that  the  astronomical  observer  should  have 
access  to  some  distant  field  within  a  mile  of 
the  observatory,  on  which  a  meridian  mark 
may  be  fixed  after  his  graduated  instruments 
are  properly  adjusted.  The  distance  at  which 
a  meridian  mark  should  be  erected  will  depend 
in  part  on  the  focal  length  of  the  telescope 
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generally  used  for  making  observations  on  the 
right  ascensions  and  declinations  of  the  stars. 
It  should  be  fixed  at  such  a  distance  that  the 
mark  may  be  distinctly  seen  without  altering 
the  focus  of  the  telescope  when  adjusted  to 
the  sun  or  stars,  which,  in  most  cases,  will 
require  to  be  at  least  half  a  mile  from  the  place 
of  observation,  and  more  if  it  can  be  obtained. 
Observatories  may  be  distinguished  into 
public  and  private.  A  private  observatory 
may  be  comprehended  in  a  comparatively 
small  building,  or  in  the  wing  of  a  building 
of  ordinary  dimensions  for  a  family,  pro- 
vided the  situation  is  adapted  to  it.  Most  of 
our  densely-peopled  towns  and  cities,  which 
abound  in  narrow  streets  and  lanes,  are  gene- 
rally unfit  for  good  observatories,  unless  at  an 
elevated  position  at  their  extremities.  Public 
observatories,  where  a  great  variety  of  instru- 
ments is  used,  and  where  different  observers 
are  employed,  require  buildings  of  larger  di- 
mensions, divided  into  a  considerable  numbor 
of  apartments.  The  Observatory  of  Green- 
wich is  composed  principally  of  two  separate 
buildings,  one  of  which  is  the  observatory 
properly  so  called,  where  the  assistant  lives 
and  makes  all  his  observations;  the  other  is 
the  dwelling-house  in  which  the  astronomer 
royal  resides.  The  former  consists  of  three 
rooms  on  the  ground-floor,  the  middle  of 
which  is  the  assistant's  sitting  and  calculating 
room,  furnished  with  a  small  library  of  such 
books  only  as  are  necessary  for  his  computa- 
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tions,  and  an  accurate  clock  made  by  the  cele- 
brated Graham,  which  once  served  Dr.  Halley 
as  a  transit  clock.  Immediately  over  this  is 
the  assistant's  bedroom,  with  an  alarum  to 
awake  him  to  make  his  observations  at  the 
proper  time.  The  room  on  the  eastern  side 
of  this  is  called  the  transit-loom.,  in  which  is 
an  eight-feet  transit  instrument,  with  an  axis 
of  three  feet,  resting  on  two  pieces  of  stone, 
made  by  Mr.  Bird,  but  successively  improved 
by  Messrs.  Dollond,  Troughton,  and  others. 
Here  is  also  a  chair  to  observe  with,  the  back 
of  which  lets  down  to  any  degree  of  elevation 
that  convenience  may  require.  On  the  west- 
ern side  is  the  quadrant-room,  with  a  stone 
pier  in  the  middle  running  north  and  south, 
having  on  its  eastern  face  a  mural  quadrant 
of  eight  feet  radius,  by  which  observations  are 
made  on  the  southern  quarter  of  the  meridian, 
through  an  opening  in  the  roof  of  three  feet 
wide,  produced  by  means  of  two  sliding  shut- 
ters. On  the  western  face  is  another  mural 
quadrant  of  eight  feet  radius,  the  frame  of 
which  is  of  iron  and  the  arch  of  brass,  which 
is  occasionally  applied  to  the  north  quarter  of 
the  meridian.  In  the  same  room  is  the  famous 
zenith  sector,  twelve  feet  long,  with  which 
Dr.  Bradley  made  the  observations  which  led 
to  the  discovery  of  the  nutation  of  the  earth's 
axis  and  the  aberration  of  the  light  of  the 
fixed  stars.  Here  are  also  Dr.  Hooke's  re- 
flecting quadrant,  and  three  time-keepers  by 
Harrison.  On  the  south  side  of  this  room  a 
small  wooden  building  is  erected  for  the  pur- 
pose of  observing  the  eclipses  of  Jupiter's  satel- 
lites, occultations  of  stars  by  the  moon,  and 
other  phenomena  which  require  merely  the 
use  of  a  telescope,  and  the  true  or  mean  time. 
It  is  furnished  with  sliding  shutters  on  the 
roof  and  sides  to  view  any  part  of  the  hemi- 
sphere from  the  prime  vertical  down  to  the 
southern  horizon.  It  contains  a  forty-inch 
achromatic  with  a  triple  object-glass,  and  also 
a  five-feet  achromatic  by  Messrs.  John  and 
Peter  Dollond,  a  two-feet  reflecting  telescope 
by  Edwards,  and  a  six-feet  reflector  by  Her- 
schel.  Above  the  dwelling-house  is  a  large 
octagonal  room,  which  is  made  the  repository 
for  certain  old  instruments,  and  for  those 
which  are  too  large  to  be  used  in  the  other 
apartments.  Among  many  other  instruments, 
it  contains  an  excellent  ten-feet  achromatic 
by  Dollond,  and  a  six-feet  reflector  by  Short. 
Upon  a  platform,  in  an  open  space,  is  erected 
the  great  reflecting  telescope  constructed  by 
Mr.  Ramage  of  Aberdeen,  on  the  Herschelian 
principle,  which  has  a  speculum  of  15  inches 
diameter  and  25  feet  focal  length,  remarkable 
for  the  great  accuracy  and  brilliancy  with 
which  it  exhibits  celestial  objects.  Various 
other  instruments  of  a  large  size  and  of  mo- 
dern construction  have  of  late  years  been 


introduced  into  this  observatory,  such  as  the 
large  and  splendid  transit  instrument  con- 
structed by  Troughton  in  1816,  the  two  large 
mural  circles  by  Troughton  and  Jones,  the 
transit  clock  by  Mr.  Hardy;  and  several  other 
instruments  and  apparatus  which  it  would  be 
too  tedious  to  enumerate  and  describe. 

Every  observatory,  whether  public  or  pri- 
vate, should  be  furnished  with  the  following 
instruments:  1.  A  transit  instrument  for  ob- 
serving the  meridian  passage  of  the  sun,  pla- 
nets, and  stars.  2.  A  good  clock,  whose 
accuracy  may  be  depended  upon.  3.  An 
achromatic  telescope  of  at  least  44  inches 
focal  distance,  with  powers  of  from  45  to  ]  80, 
for  viewing  planetary  and  other  phenomena ; 
or  a  good  reflecting  telescope  at  least  three 
feet  long,  and  the  speculum  five  inches  in 
diameter.  4.  An  equatorial  instrument,  for 
viewing  the  stars  and  planets  in  the  daytime, 
and  for  finding  the  right  ascension  and  decli- 
nation of  a  comet,  or  any  other  celestial  pheno- 
menon. Where  this  instrument  is  possessed, 
and  in  cases  where  no  great  degree  of  accu- 
racy is  required,  the  equatorial  may  be  made 
to  serve  the  general  purposes  of  a  transit  in- 
strument. 

A  private  observatory  might  be  constructed 
in  any  house  which  has  a  commanding  view 
of  the  heavens,  provided  there  is  an  apart- 
ment in  it  in  which  windows  may  be  placed, 
or  openings  cut  out  fronting  the  north,  the 
south,  the  east,  and  the  west.  The  author 
of  this  work  has  a  small  observatory  erected 
on  the  top  of  his  house,  which  commands  a 
view  of  20  miles  towards  the  east,  30  miles 
towards  the  west  and  north-west,  and  about 
20  miles  towards  the  south,  at  an  elevation 
of  more  than  200  feet  above  the  level  of  the 
sea  and  the  banks  of  the  Tay,  which  are 
about  half  a  mile  distant.  The  apartment  is 
12£  feet  long  by  8£  wide,  and  S£  feet  be- 
tween the  floor  and  the  roof.  It  has  an  open- 
ing on  the  north,  by  which  observations  can 
be  made  on  the  pole  star ;  a  window  on  the 
south,  by  which  the  meridian  passages  of  the 
heavenly  bodies  may  be  observed ;  another 
opening  towards  the  east,  and  a  fourth  open- 
ing, consisting  of  a  door,  towards  the  west. 
There  is  a  pavement  of  lead  on  the  outside, 
all  around  the  observatory-room,  inclosed  by 
a  stone  parapet  3£  feet  high,  the  upper  part 
of  which  is  coped  with  broad  flat  stones,  in 
certain  parts  of  which  grooves  or  indentations 
are  made  for  receiving  the  feet  of  the  pedestal 
of  an  achromatic  telescope,  which  form  a 
steady  support  for  the  telescope  in  the  open 
air,  when  the  weather  is  calm  and  serene,  and 
when  observations  are  intended  to  be  made 
on  any  region  of  the  heavens.  By  placing 
an  instrument  on  this  parapet,  it  may  be  di 
rected  to  any  point  of  the  celestial  canopy 

.'893; 


178 


THE  PRACTICAL  ASTRONOMER. 


except  a  small  portion  near  the  northern 
horizon,  which  is  partly  intercepted  by  a  small 
bill.  In  the  following  ground  plan,  fig.  91, 
A  A  A  is  the  parapet  surrounding  the  ob- 
servatory room;  B  B  B,  a  walk  around  it 
nearly  three  feet  broad,  covered  with  lead.  0 
is  the  apartment  for  the  observatory,  having 
an  opening,  C,  to  the  north ;  another  opening, 
1),  to  the  east,  E  is  a  window  which  fronts 


venly  body  across  all  the  cardinal  points. 
The  openings  may  be  about  15  inches  wide, 
and  the  roof  need  not  be  larger  than  what  is 
requisite  for  giving  room  to  the  observer  and 
the  instrument,  lest  its  bulk  and  weight  should 
impede  its  easy  motion.  There  have  been 
various  plans  adopted  for  revolving  domes. 
Fig.  92  represents  a  section  of  the  rotatory 
dome  constructed  at  East  Sheen  by  the  Rev. 

Fig.  92. 


A  South 


t.he  south,  and  F  is  a  door  fronting  the  west, 
by  which  an  access  is  obtained  to  the  open 
area  on  the  outside.  G  H  I  is  an  area  on 
the  outside  towards  the  south,  covered  with 
lead,  1 5  feet  long  from  G  to  //,  and  6^  feet  from 
E  to  I,  from  which  a  commanding  view  of  the 
southern,  eastern,  and  western  portions  of  the 
heavens  may  be  obtained  :  e  e  e  e  are  positions 
on  the  top  of  the  parapet  where  a  telescope  may 
be  conveniently  placed,  when  observations  are 
intended  to  be  made  in  the  open  air.  The 
top  of  this  parapet  is  elevated  about  30  feet 
from  the  level  of  the  ground.  On  the  roof  of 
the  observatory,  about  12  feet  above  its  floor, 
on  the  outside,  is  a  platform  of  lead,  sur- 
rounded by  a  railing  six  feet  by  five,  with  a 
seat,  on  which  observations  either  on  celestial 
or  terrestrial  objects  may  occasionally  be  made. 
K  is  a  door  or  hatchway,  which  forms  an  en- 
trance into  the  observatory  from  the  apart- 
ments below,  which  folds  down,  and  forms  a 
portion  of  the  floor. 

In  public  observations,  where  zenith  or 
polar  distances  require  to  be  measured,  it  is 
necessary  that  there  should  be  a  dome,  with 
an  opening  across  the  roof,  and  down  the 
north  and*  south  walls.  Should  an  altitude 
or  azimuth  circle,  or  an  equatorial  instrument 
be  used,  they  will  require  a  revolving  roof 
with  openings  and  doors  on  two  opposite 
sides,  to  enable  an  observer  to  follow  a  hea- 


Dr.  Pearson.  This  dome  turns  round  on 
three  detached  spheres  of  lignum  vitse,  in  a 
circular  bed,  formed  partly  by  the  dome,  and 
partly  by  the  cylindrical  framework  which 
surrounds  the  circular  room  of  nine  feet  di- 
ameter. A  section  of  this  bed  forms  a  square 
which  the  sphere  just  fills,  so  as  to  have  a 
small  play  to  allow  for  shrinking ;  and,  when 
this  dome  is  carried  round,  the  spheres,  hav- 
ing exactly  equal  diameters  of  4^  inches  each, 
when  placed  at  equal  distances  from  one  an- 
other, keep  their  relative  places,  and  move 
together  in  a  beautifully  smooth  manner. 
These  spheres  act  as  friction  rollers  in  two 
directions  at  the  four  points  of  contact,  in 
case  any  obstacle  is  opposed  to  their  progres- 
sive motion  by  the  admission  of  dirt,  or  by 
any  change  of  figure  of  the  wood  that  com- 
poses the  rings  of  the  dome  and  of  the  gang- 
way. No  groove  is  here  made  but  what  the 
weight  of  the  roof  resting  on  the  hard  sphere 
occasions.  The  dome  itself  moves  twice 
round  for  the  balls  once,  and  has,  in  this  way, 
its  friction  diminished.  The  wood  of  this 
dome  is  covered  by  Wyatt's  patent  copper, 
one  square  foot  of  which  weighs  upward  of  a 
pound ;  and  the  copper  is  so  turned  over  the 
nails  that  fix  it  at  the  parts  of  junction  that 
not  a  single  nail  is  seen  in  the  whole  dome, 
This  covering  is  intended  to  render  the  dome 
more  permanent  than  if  it  had  been  made  of 
wood  alone.  At  the  observatory  at  Cam- 
bridge the  dome  is  made  chiefly  of  iron.  In 
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the  figure,  a  a  represents  one  of  the  two  ob- 
long doors  that  meet  at  the  apex  of  the  cone, 
and  a  piece  of  sheet-copper,  bent  over  the 
upper  end  of  the  door  which  shuts  last,  keeps 
the  rain  from  entering  at  the  place  of  junction. 
The  two  halves  of  the  dome  are  united  by 
brass  rods  passing  through  the  door-cheeks 
of  wainscot  at  a  and  a  by  means  of  nuts  that 
screw  upon  their  ends,  which  union  allows 
the  dome  to  be  separated  into  two  parts  when 
there  may  be  occasion  to  displace  it.  The 
wooden  plate  b  b,  which  appears  in  a  straight 
line,  is  a  circular  broad  ring,  to  which  the 
covering  wainscot  boards  are  made  fast  above 
the  eaves,  and  c  c  is  a  similar  ring  forming 
the  wall-plate  or  gangway  on  which  the  dome 
rests  and  revolves. 

,     Fig.  92.* 


Fig.  92*  shows  a  small  door  that  lies  over 
the  summit  of  the  dome,  and  may  be  sepa- 
rately opened  for  zenith  observations ;  the  rod 
of  metal,  with  a  ring  at  the  lower  end  passing 
through  it,  serves  to  open  and  shut  this  door, 
and  at  the  same  time  carries  upon  its  upper 
end  a  large  ball,  which  falls  back  on  the  roof 
when  the  door  is  open,  and  keeps  the  door  in 
a  situation  to  be  acted  upon  by  the  hook  of  a 
handle  that  is  used  for  this  purpose.  The 
doors  a  a,  being  curved,  are  made  to  open  in 


two  halves,  the  upper  one  being  opened  first, 
on  account  of  its  covering  the  end  of  the 
other ;  and  the  observer  may  open  one  or  two 
doors,  as  may  best  suit  his  purpose.  The 
weight  of  this  dome  is  such  that  a  couple  of 
wedges,  inserted  by  a  gentle  blow  between 
the  rings  b  b  and  c  c,  will  keep  it  in  its  situa- 
tion under  the  influence  of  the  strongest 
wind. 

It  may  not  be  improper  to  remark,  that  in 
all  observatories,  and  in  every  apartment  where 
celestial  observations  are  made,  there  should^ 
if  possible,  be  a  uniform  temperature;  and, 
consequently,  a  fire  should  never  be  kept  in 
such  places,  particularly  when  observations 
are  intended  to  be  made,  as  it  would  cause 
currents  of  air  through  the  doors  and  other 
openings  which  would  be  injurious  to  the  ac- 
curacy of  observations.  When  a  window  is 
opened  in  an  ordinary  apartment  where  a  fire 
is  kept,  there  is  a  current  of  heated  air  which 
rushes  out  at  the  top,  and  a  current  of  cold 
air  which  rushes  in  from  below,  producing 
agitations  and  undulations  which  prevent 
even  a  good  telescope  from  showing  celestial 
objects  distinct  and  well  defined ;  and  I  have 
no  doubt  that  many  young  observers  have 
been  disappointed  in  their  views  of  celestial 
phenomena  from  this  circumstance,  when 
viewing  the  heavenly  bodies  from  heated 
rooms  in  cold  winter  evenings,  as  the  aerial 
undulations  before  the  telescope  prevent  dis- 
tinct vision  of  such  objects  as  the  belts  of 
Jupiter,  the  spots  of  Mars,  and  the  rings  of 
Saturn. 


CHAPTER  IV. 

On  Orreries  or  Planetariums. 


AN  orrery  is  a  machine  for  representing 
the  order,  the  motions,  the  phases,  and  other 
phenomena  of  the  planets.  Although  orre- 
ries and  planetariums  are  not  so  much  in  use 
as  they  were  half  a  century  ago,  yet,  as  they 
tend  to  assist  the  conceptions  of  the  astrono- 
mical tyro  in  regard  to  the  motions,  order, 
and  positions  of  the  bodies  which  compose 
the  solar  system,  it  may  not  be  inexpedient 
shortly  to  describe  the  principles  and  construc- 
tion of  some  of  these  machines. 

The  reason  why  the  name  Orrery  was  at 
first  given  to  such  machines  is  said  to  have 
been  owing  to  the  following  circumstance : 
Mr.  Rowley,  a  mathematical  instrument- 
maker,  having  got  one  from  Mr.  George 
Graham,  the  original  inventor,  to  be  sent 
abroad  with  some  of  his  own  instruments,  he 
copied  it,  and  made  the  first  for  the  Earl  of 
Orrery.  Sir  R.  Steele,  who  knew  nothing  of 
113 


Mr.  Graham's  machine,  thinking  to  do  justice 
to  the  first  encourager,  as  well  as  to  the  in- 
ventor of  such  a  curious  instrument,  called  it 
an  Orrery,  and  gave  Mr.  Rowley  the  praise 
due  to  Mr.  Graham.  The  construction  of 
such  machines  is  not  a  modern  invention. 
The  hollow  sphere  of  Archimedes  was  a  piece 
of  mechanism  of  this  kind,  having  been  in- 
tended to  exhibit  the  motions  of  the  sun,  the 
moon,  and  the  five  planets  according  to  the 
Ptolemaic  system.  The  next  orrery  of  which 
we  have  any  account  was  that  of  Posidonius, 
who  lived  about  80  years  .before  the  Christian 
era,  of  which  Cicero  says,  "If  any  man  should 
carry  the  sphere  of  Posidonius  into  Scythia 
or  Britain,  in  every  revolution  of  which  the 
motions  of  the  sun,  moon,  and  fivl  planets 
were  the  same  as  in  the  heavens  each  day  and 
night,  who  in  those  barbarous  countries  could 
doubt  of  its  being  finished,  not  to  say  actuated, 
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by  perfect  reason  ?"  The  next  machine  of 
this  kind  which  history  records  was  constructed 
by  the  celebrated  Boethius,  the  Christian  phi- 
losopher, about  the  year  of  Christ  510,  of 
which  it  was  said  "that  it  was  a  machine 
pregnant  with  the  universe — a  portable  heaven 
— a  compendium  of  all  things."  After  this 
period  we  find  no  instances  of  such  mechan- 
ism of  any  note  till  the  16th  century,  when 
science  began  to  revive  and  the  arts  to  flourish. 
About  this  time  the  curious  clock  in  Hampton 
Court  Palace  was  constructed,  which  shows 
not  only  the  hours  of  the  day,  but  the  motions 
of  the  sun  and  moon  through  all  the  signs  of 
the  zodiac,  and  other  celestial  phenomena. 
Another  piece  of  mechanism  of  a  similar  kind 
is  the  clock  in  the  Cathedral  of  Strasburg, 
in  which,  besides  the  clock  part,  is  a  celestial 
globe  or  sphere  with  the  motions  of  the  sun, 
moon,  planets,  and  the  firmament  of  the  fixed 
stars,  which  was  finished  in  1574. 

Among  the  largest  and  most  useful  pieces 
of  machinery  of  this  kind  is  the  great  sphere 
erected  by  Dr.  Long,  in  Pembroke  Hall,  in 
Cambridge.  This  machine,  which  he  called 
the  Uranium,  consists  of  a  planetarium,  which 
exhibits  the  motion  of  the  earth  and  the  pri- 
mary planets,  the  sun,  and  the  motion  of  the 
moon  round  the  earth,  all  inclosed  within  a 
sphere.  Upon  the  sphere,  besides  the  prin- 
cipal circles  of  the  celestial  globe,  the  zodiac 
is  placed,  of  a  breadth  sufficient  to  contain  the 
apparent  path  of  the  moon,  with  all  the  stars 
over  which  the  moon  can  pass ;  also  the  eclip- 
tic, and  the  heliocentric  orbits  of  all  the  planets. 
The  Earth  in  the  planetarium  has  a  movable 
horizon,  to  which  a  large  movable  brass  circle 
within  the  sphere  may  be  set  coincident,  re- 
presenting the  plane  of  the  horizon  continued 
to  the  starry  heavens.  The  horizons,  being 
turned  round,  sink  below  the  stars  on  the  east 
side,  and  make  them  appear  to  rise,  and  rise 
above  the  stars  on  the  west  side,  and  make 
them  appear  to  set.  On  the  other  hand,  the 
earth  and  the  horizon  being  at  rest,  the  sphere 
may  be  turned  round  to  represent  the  appa- 
rent diurnal  motion  of  the  heavens.  In  order 
to  complete  his  idea  on  a  large  scale,  the  doctor 
erected  a  sphere  of  18  feet  diameter,  in  which 
above  30  persons  might  sit  conveniently,  the 
entrance  to  which  is  over  the  south  pole  by 
six  steps.  The  frame  of  the  sphere  consists 
of  a  number  of  iron  meridians,  the  northern 
ends  of  which  are  screwed  to  a  large  round 
plate  of  brass  with  a  hole  in  the  centre  of  it ; 
through  this  hole,  from  a  beam  in  the  ceiling, 
comes  the  north  pole,  a  round  iron  rod  about 
three  inches  long,  and  which  supports  the 
upper  paft  of  the  sphere  to  its  proper  elevation 
for  the  latitude  of  Cambridge,  so  much  of  it 
as  is  invisible  in  England  being  cut  off,  and 
the  lower  or  southern  ends  of  the  meridians 
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terminate  on,  and  are  screwed  down  to,  a 
strong  circle  of  oak  13  feet  in  diameter,  which, 
when  the  sphere  is  put  in  motion,  runs  upon 
large  rollers  of  lignum  vitse,  in  the  manner 
that  the  tops  of  some  windmills  turn  round. 
Upon  the  iron  meridians  is  fixed  a  zodiac  of 
tin  painted  blue,  on  which  the  ecliptic  and 
heliocentric  orbits  of  the  planets  are  drawn, 
and  the  stars  and  constellations  traced.  The 
whole  is  turned  round  with  a  small  winch, 
with  as  little  labour  as  it  takes  to  wind  up  a 
jack,  although  the  weight  of  iron,  tin,  and  the 
wooden  circle  is  above  a  thousand  pounds. 
This  machine,  though  now  somewhat  ne- 
glected, may  still  be  seen  in  Pembroke  Hall, 
Cambridge,  where  I  had  an  opportunity  of 
inspecting  it  in  November,  1839.  The  essen- 
tial parts  of  the  machine  still  remain  nearly  in 
the  same  state  as  when  originally  constructed 
in  1758. 

The  machine  which  I  shall  now  describe 
is  of  a  much  smaller  and  less  complex  de- 
scription than  that  which  has  been  noticed 
above,  and  may  be  made  for  a  comparatively 
small  expense,  while  it  exhibits  with  sufficient 
accuracy  the  motions,  phases,  and  positions 
of  all  the  primary  planets,  with  the  exception 
of  the  new  planets,  which  cannot  be  accu- 
rately represented  on  account  of  their  orbits 
crossing  each  other.  In  order  to  the  construc- 
tion of  the  planetarium  to  which  I  allude,  we 
must  compare  the  proportion  which  the  annual 
revolutions  of  the  primary  planets  bear  to  that 
of  the  Earth.  This  proportion  is  expressed 
in  the  following  table,  in  which  the  first 
column  is  the  time  of  the  Earth's  period  in 
days ;  the/  second,  that  of  the  planets ;  and  the 
third  and  fourth  are  numbers  very  nearly  in 
the  same  proportion  to  each  other : 


88 

83 
52 

20  for  Mercury. 
32  for  Venus. 

687 

40 

75  for  Mars. 

43323 

7 
5 

83  for  Jupiter. 
148  for  Saturn. 

306863 

3 

253  for  Uranus. 

On  account  of  the  number  of  teeth  required 
for  the  wheel  which  moves  Uranus,  it  is  fre- 
quently omitted  in  planetariums,  or  the  pla- 
net is  placed  upon  the  arbour  which  supports 
Saturn.  If  we  now  suppose  a  spindle  or 
arbour  with  six  wheels  fixed  upon  it  in  a  ho- 
rizontal position,  having  the  number  of  teeth 
in  each  corresponding  to  the  numbers  in  the 
third  column,  namely,  the  wheel  A  M  (fig.  93) 
of  83  teeth,  B  L  of  52,  C  K  of  50,  for  the 
earth,  D  I  of  40,  E  H  of  7,  and  F  G  of  5 ; 
and  another  set  of  wheels  moving  freely  about 
an  arbour  having  the  number  of  teeth  in  the 
fourth  column,  namely,  A  N  of  20,  B  0  of 
32,  C  P  of  50,  for  the  earth,  D  Q  of  75,  E  R 
of  83,  and  F  S  of  148  then,  if  these  two 
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arbours  of  filed  and  movable  wheels  be  made        By  this  planetarium,  simpla   as  its   con- 
of  the  size  and  fixed  at  the  distance  here  re-    struction  may  appear,  a  variety  of  interesting 

Fig.  94. 


presented,  the  teeth  of  the  former  will  take 
hold  of  those  of  the  latter,  and  turn  them 
freely  when  the  machine  is  in  motion.  These 
arbou-rs,  with  their  wheels,  are  to  be  placed  in 
a  box  of  a  proper  size,  in  a  perpendicular  po- 
sition ;  the  arbour  of  fixed  wheels  to  move  in 
pivots  at  the  top  and  bottom  of  the  box,  and 
the  arbour  of  the  movable  wheels  to  go 
through  the  top  of  the  box,  and  having  on 
the  top  a  wire  fixed,  and  bent  at  a  proper  dis- 
tance into  a  right  angle  upward,  bearing  on 
the  top  a  small  round  ball  representing  its 
proper  planet.  If,  then,  on  the  lower  part  of 
the  arbour  of  fixed  wheels  be  placed  a  pinion 
of  screw-teeth,  a  winch  turning  a  spindle  with 
an  endless  screw,  playing  in  the  teeth  of  the 
arbour,  will  turn  it  with  all  its  wheels,  and 
these  wheels  will  turn  the  others  about,  with 
their  planets,  in  their  proper  and  respective 
periods  of  time  ;  for  while  the  fixed  wheel  C 
K  moves  its  equal  C  P  once  round,  the  wheel 
A  M  will  move  A  Na.  little  more  than  four 
times  round,  and  will  consequently  exhibit 
the  motion  of  Mercury;  the  wheel  E  H will 
turn  the  wheel  E  R  about  T^th  round,  repre- 
senting the  proportional  motion  of  Jupiter ; 
and  the  wheel  F  G  will  turn  the  wheel  F 
S  about  j^.-jth  round,  and  represent  the  mo- 
tion of  Saturn,  and  so  of  all  the  rest. 

The  following  figure  (fig.  94)  represents 
the  appearance  of  the  instrument  when  com- 
pleted. Upon  the  upper  part  of  the  circular 
box  is  pasted  a  zodiac  circle  divided  into  12 
signs,  and  each  sign  into  30  degrees,  with  the 
corresponding  days  of  the  month.  The  wheel- 
work  is  understood  to  be  within  the  box, 
which  may  either  be  supported  by  a  tripod,  or 
with  four  feet,  as  here  represented.  The  moon 
and  the  satellites  of  Jupiter,  Saturn,  and  Ura- 
nus, are  movable  only  by  the  hand.  When 
the  winch  Wis  turned,  then  all  the  primary 
planets  are  made  to  move  in  their  respective 
velocities.  The  ball  in  the  centre  represents 
the  Sun,  which  is  either  made  of  brass,  or  of 
wood  gilded  with  gold. 


exhibitions  may  be  made  and  problems  per- 
formed, which  may  be  conducive  to  the  in- 
struction of  young  students  of  Astronomy.  I 
shall  mention  only  a  few  of  these  as  speci- 
mens. 

1.  When  the  planets  are  placed  in  their 
respective  positions  by  means  of  an  epheme- 
ris  or  the  Nautical  Almanac,  the  relative  po- 
sitions of  those  bodies  in  respect  to  each 
other,  the  quarters  of  the  heavens  where  they 
may  be  observed,  and  whether  they  are  to  be 
seen  in  the  morning  before  sunrise  or  in  the 
evening  after  sunset,  may  be  at  once  deter- 
mined. For  example,  on  the  19th  of  Decem- 
ber, 1844,  the  heliocentric  places  of  the  pla- 
nets are  as  follows:  Uranus,  2°  of  Aries; 
Saturn,  8°  24'  of  Aquarius ;  Jupiter,  7°  4'  of 
Aries;  Mars,  12°  45'  of  Libra;  the  Earth, 
27°  46'  of  Gemini;  Venus,  29°  48'  of  Virgo, 
Mercury,  7°  53'  of  Pisces.  When  the  pla- 
nets are  placed  on  the  planetarium  in  these 
positions,  and  the  eye  placed  in  a  line  with 
the  balls  representing  the  Earth  and  the 
Sun,  all  those  situated  to  the  left  of  the  sun 
are  to  the  east  of  him,  and  are  to  be  seen  in 
the  evening,  and  those  on  the  right  in  the 
morning.  In  the  present  case,  Uranus,  Saturn, 
Jupiter,  and  Mercury  are  evening  stars,  and 
Mars  and  Venus  can  only  be  seen  in  the 
morning.  Jupiter  is  in  an  aspect  nearly 
quartile,  or  three  signs  distant  from  the 
sun,  and  Uranus  is  nearly  in  the  same  aspect. 
Saturn  is  much  nearer  the  sun,  and  Mer- 
cury is  not  far  from  the  period  of  its  greatest 
eastern  elongation.  Mars  is  not  far  from  being 
in  a  quartile  aspect  west  of  the^sun,  and 
Venus  is  near  the  same  point  of  the  heavens, 
approaching  to  the  period  of  its  greatest  west- 
ern elongation,  and  consequently  will  be  seen 
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before  sunrise  as  a  beautiful  morning  star. 
Jupiter  and  Uranus,  to  the  east  of  the  sun, 
appear  nearly  directly  opposite  to  Venus 
and  Mars,  which  are  to  the  west  of  the  sun. 
The  phase*  of  Venus  is  nearly  that  of  a  half 
moon,  and  Mercury  is  somewhat  gibbous,  ap- 
proaching to  a  half-moon  phase.  If,  now,  we 
turn  the  machine  by  the  winch  till  the  index 
of  the  earth  point  at  the  8th  of  August,  1845, 
we  shall  find  the  planets  in  the  following  po- 
sitions :  Mars  and  Saturn  are  nearly  in  oppo- 
sition to  the  sun ;  Venus  and  Mercury  are 
evening  stars,  at  no  great  distance  from  each 
other,  and  Jupiter  is  a  morning  star.  In  like 
manner,  if  we  turn  the  machine  till  the  index 
point  to  any  future  months,  or  even  succeed- 
ing years,  the  various  aspects  and  positions  of 
the  planets  may  be  plainly  perceived.  When 
the  planets  are  moved  by  the  winch  in  this 
machine,  we  see  them  all  at  once  in  motion 
around  the  sun,  with  the  same  respective  ve- 
locities and  periods  of  revolution  which  they 
have  in  the  heavens.  As  the  planets  are  re- 
presented in  the  preceding  positions,  Mercury, 
Jupiter,  and  Mars  are  evening  stars,  and  Ve- 
nus, Saturn,  and  Uranus  morning  stars,  if  we 
suppose  the  earth  placed  in  a  line  with  our 
eye  and  the  sun. 

"  2.  By  this  instrument,  the  truth  of  the  Co- 
pernican  or  solar  system  is  clearly  represented. 
When  the  planets  are  in  motion,  we  perceive 
the  planets  Venus  and  Mercury  to  pass  both 
before  and  behind  the  sun,  and  to  have  two 
conjunctions.  We  observe  Mercury  to  be 
never  more  than  a  certain  angular  distance 
from  the  sun  as  viewed  from  the  earth, 
namely,  27°,  and  Venus  47°.  We  perceive 
that  the  superior  planets,  particularly  Mars, 
will  be  sometimes  much  nearer  to  the  earth 
than  at  others,  and  therefore  must  apppear 
larger  at  one  time  than  at  another,  as  they 
actually  appear  in  the  heavens.  We  see  that 
the  planets  cannot  appear  from  the  earth  to 
move  with  uniform  velocity ;  for  when  near- 
est they  appear  to  move  faster,  and  slower 
when  most  remote.  We  likewise  observe 
that  the  planets  appear  from  the  earth  to  move 
sometimes  direct,  or  from  west  to  east ;  then 
become  retrograde,  or  from  east  to  west,  and 
between  both  to  be  stationary ;  all  which 
particulars  exactly  correspond  with  celestial 
observations.  For  illustrating  these  particu- 
lars, there  is  a  simple  apparatus,  represented 
by  fig.  95,  which  consists  of  a  hollow  wire 
with  a  slit  at  top,  which  is  placed  over  the 

*  The  balls  which  represent  the  different  pla- 
nets on  this  machine  have  their  hemispheres 
painted  black,  with  the  white  side  turned  directly 
to  the  sun?  so  that  if  the  eye  be  placed  in  a  line 
with  the  earth  and  the  planet,  particularly  Mer- 
cury and  Venus,  its  phase  in  the  heavens  at  that 
time,  as  viewed  with  a  telescope,  may  be  dis- 
tinctly perceived. 
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arm  of  Mercury  or  Venus  at  E.    The  arm 
D  G  represents  a  ray  of  light  coming  from 

Fig.  95. 


the  planet  at  D  to  the  earth  at  F.  The  pla- 
nets being  then  in  motion,  the  planet  D,  as 
seen  in  the  heavens  from  the  earth  at  F,  will 
undergo  the  several  changes  of  petition  which 
we  have  described  above,  sometimes  appear- 
ing to  go  backward,  and  at  other  times  for- 
ward. The  wire  prop,  now  supposed  to  be 
placed  over  Mercury  at  E,  may  likewise  be 
placed  over  any  of  the  other  planets,  particu- 
larly Mars,  and  similar  phenomena  will  be 
exhibited. 

This  machine  may  likewise  be  used  to  ex- 
hibit the  falsity  of  the  Ptolemaic  system,  which 
places  the  earth  in  the  centre,  and  supposes 
the  sun  and  all  the  planets  to  revolve  around 
it.  For  this  purpose,  the  ball  representing 
the  Sun  is  removed,  and  placed  on  the  wire 
or  pillar  which  supports  the  Earth,  and  the 
ball  representing  the  Earth  is  placed  in  the 
centre.  It  will  then  be  observed  that  the 
planets  Mercury  and  Venus,  being  both  with- 
in the  orbit  of  the  sun,  cannot  at  any  time  be 
seen  to  go  behind  it,  whereas  in  the  heavens 
we  as  often  see  them  go  behind  as  before  the 
sun.  Again,  it  shows  that  as  the  planets 
move  in  circular  orbits  about  the  central  earth, 
they  ought  at  all  times  to  appear  of  the  same 
magnitude,  while,  on  the  contrary,  we  observe 
their  apparent  magnitudes  in  the  heavens  to 
be  very  variable,  Mars,  for  example,  appear- 
ing sometimes  nearly  as  large  as  Jupiter,  and 
at  other  times  only  like  a  small  fixed  star. 
Again,  it  is  here  shown  that  the  planets  may 
be  seen  at  all  distances  from  the  sun ;  for  ex- 
ample, when  the  sun  is  setting,  Mercury  and 
Venus,  according  to  this  arrangernent,  might 
be  seen,  not  only  in  the  south,  but  even  in 
the  eastern  quarter  of  the  heavens :  a  pheno- 
menon which  was  never  yet  observed  in  any 
age,  Mercury  never  appearing  beyond  27°  of 
the  sun,  nor  Venus  beyond  48°.  In  short, 
according  to  the  system  thus  represented,  it 
is  seen  that  the  motions  of  the  planets  should 
all  be  regular,  and  uniformly  the  same  in 
every  part  of  their  orbits,  and  that  they  should 
all  move  the  same  way,  namely,  from  west  to 
east ;  whereas  in  the  heavens  they  are  seen 
to  move  with  variable  velocities,  sometimes 
appearing  stationary,  and  sometimes  moving 
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from  east  to  west,  and  from  west  to  east :  all 
which  circumstances  plainly  prove  that  the 
Ptolemaic  cannot  be  the  true  system  of  the 
universe. 

A  planetarium  such  as  that  now  described 
might  be  constructed  with  brass  wheel-work 
for  about  five  guineas.  The  brass  wheel- 
work  of  one  which  I  long  since  constructed 
cost  about  three  guineas,  and  the  other  parts 
of  the  apparatus  about  two  guineas  more. 
The  following  are  the  prices  of  some  instru- 
ments of  this  kind  as  made  by  Messrs.  Jones, 
30  Lower  Holborn,  London:  "An  orrery, 
showing  the  motions  of  the  Earth,  Moon,  and 
inferior  planets,  Mercury,  and  Venus,  by 
wheel-work,  the  board  on  which  the  instru- 
ment moves  being  13  inches  diameter,  £4. 
14$.  6d.  A  planetarium,  showing  the  mo- 
tions of  all  the  primary  planets  by  wheel-work 


Fig.  96. 


three  axes  or  arbours,  indicated  by  the  letters 
ABC.  Axis  "  C,"  the  "  yearly  axis," 
is  assumed  to  make  one  revolution  in  365,- 
242,236  days,  or  in  365  days  5*  48"  49.19', 
and  is  furnished  with  wheels,  1 7,  44,  54,  36, 
140,  96,  127,  86,  which  wheels  are  all  firmly 
riveted  to  said  axis,  and  consequently  they 
turn  round  with  it  in  the  same  time.  Axle 
"5"  is  a  fixture;  it  consists  of  a  steel  rod,  on 
which  a  system  of  pairs  of  wheels  revolve ; 
,  thus  wheels  40  and  77  are  made  fast  together 
by  being  riveted  on  the  same  collet,  repre- 
sented by  the  thick,  dark  space  between  them, 
as  also  of  the  rest :  the  several  wheels  on  this 
axis  may  be  written  down  thus:  4ft,  49  |fi, 
!?>  30,  f  J,  U>  f!»  96,  |$,  H.  On  axis  A, 
a  system  of  wheels,  furnished  with  tubes,  re- 
volve, and  these  tubes  carry  horizontal  arms, 
supporting  perpendicular  stems  with  the  pla- 
nets. The  wheels  on  this  axis  are  173,  i£l, 
111,  119,  }|2,  jff,  83,  239,  96,  128,72. 
From  the  following  short  description,  the  na- 
ture of  their  several  actions  will,  it  is  pre- 
sumed, be  readily  understood,  viz. 

MERCURY'S  On  tne  ax*s  "  C"'  at  the  bottom 
is  whcel  86,  which  turns  round  in 
365  days  5^  48'"  49.19'.  This 
wheel  impels  a  small  wheel  of  22 


with  1£  inch  or  three  inch  papered  globes, 
according  to  the  wheel-work  and  the  neatness 
of  the  stands,  from  £7  17s.  6d.  to  £10  10s. 
Ditto,  with  wheel-work  to  show  the  parallel- 
ism of  the  Earth's  axis,  the  motions  of  the 
Moon,  her  phases,  &c.,  £18  18s.  Ditto, 
with  wheel-work  to  show  the  Earth's  diurnal 
motion,  on  a  brass  stand  in  mahogany  case, 
£22  Is.  A  small  tellurian,  showing  the  mo- 
tion of  the  Earth  and  Moon,  &c.,  £1  8s." 

HEXUEnsOx's    PLAXETARIUM. 

The  following  is  a  description  of  the  most 
Complete  and    accurate  planetarium  I  have 
yet  seen.  The  calculations  occupied  more  than 
eight  months.  For  this  article  I  am  indebted  to 
my  learned  and  ingenious  friend,  Dr.  Hender- 
son, F.R.A.S.,  who  is  known  to  many  of  my 
readers  by  his  excellent  astronomical  writings. 
Section    of  the  wheel- 
work  of  a  planetarium  for 
showing  with  the  utmost 
degree    of     accuracy   the 
mean  tropical  revolutions 
of  the  planets  round  the 
sun,  calculated  by  E.  Hen- 
derson, L.L.D.,  &c. 

In  the  section  the  dark 
horizontal   lines  represent 
the  wheel- work  of  the  pla- 
netarium, and  the  annexed 
numerals      the     numbers 
of    teeth    in    the     given 
wheel.     The  machine  has 
treth,  to  which  is  made  fast  wheel 
67,  both  revolving  together  at  the 
foot  of  axis  B ;  wheel  67  drives  a 
wheel   of  72   once   round   in   the 
period   of  87  days  23h  14m  36.1» : 
this    last-mentioned   wheel   has   a 
long  tube,  which  turns  on  the  steel 
axis  A,  and  carries  a  horizontal  arm 
with  the  planet  Mercury  round  the 
sun  in  the  time  above  noted. 

On  axis  «  C"  is  wheel  127,  which 
drives  wheel  47,  to  which  is  riveted 
a  wheel  of  77  teeth,  which  impels 
a  wheel  of  1 28  teeth  on  axis  A,  and 
causes  it  to  make  a  revolution  in 
224  days  16h  41'"  31.1',  and  is 
furnished  with  a  tube,  which  re- 
volves over  that  of  Mercury,  and 
ascends  through  the  cover  of  the 
machine,  and  bears  an  arm  on 
which  is  placed  a  small  ball  repre- 
senting this  planet  in  the  time  stated. 
The  motion  of  the  Earth  round 
the  Sun  is  simply  effected  as  follows: 
the  assumed  value  of  axis  "  C" 
the  "yearly  axis,"  is  365  days  5h 
48™  49.19s;  hence  a  system  of 
wheels  having  the  same  number  of 
4  G  (901) 
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teeth,  or,  at  all  events,  the  first 
mover  and  last  wheel  impelled, 
must  be  equal  in  their  numbers  of 
teeth.  In  this  machine  three,  wheels 
are  employed,  thus :  a  wheel  hav- 
ing 96  teeth  is  made  fast  to  the 
yearly  axis  C,  and  of  course  moves 
round  with  it  in  a  mean  solar  year, 
as  above  noted  ;  this  wheel  impels 
another  wheel  of  96  teeth  on  axis 

B,  and  this,  in  its  turn,  drives  a 
third  wheel  of  96  teeth  on  axis  A, 
and  is  furnished  with  a  long  tube 
which  revolves  over  that  of  Venus, 
and  ascends  above  the  cover-plate 
of  the  machine,  and  bears  a  hori- 
zontal arm  which  supports  a  small 
terrestrial  globe,  which  revolves  by 
virtue  of   said  wheels  once  round 
the  sun  in  365  days  5h  48'"  49.19s. 

The  revolution  of  this  planet  is 
effected  as  follows  :  ,a  wheel  of  140    PALLAS'S 
teeth  is  made  fast  to  the  yearly  axis    PERIOD. 

C,  and  drives  on  axis  B  a  wheel  of 
65  teeth,  to  which  is  fixed  a  wheel 
of  59  teeth,  which  impels  a  large 
wheel  of  239  teeth  on  axis  A  once 
round  the  sun  in  686  days  22h  18m 
33.6s:  this  last  mentioned  wheel  is 
also  furnished  with  a  tube  which 
revolves  over  that  of  the  earth,  and 
carries  a  horizontal  arm  bearing  the 
ball  representing  Mars,  and  causes 
it  to  complete  a  revolution  round 
the  sun  in  the  period  named. 

The  period  of  of  Vesta  is  accom- 
plished thus,  viz.t:  on  the  yearly 
axis  C  is  made  fast  a  wheel  of  36 
teeth,  which  drives  a  wheel  of  65 
teeth,  on  axis  B,  to  which  is  fixed  JUPITER>S 
a  wheel  of  41  teeth,  which  impels  a  PERIOD. 
wheel  of  83  teeth  on  axis  A  once 
round  in  1336  days  Oh  21m  19.8s; 
the  tube  of  which  last  wheel  ascends 
on  that  of  Mars,  and,  like  the  rest, 
bears  an  arm  supporting  a  ball  re- 
presenting this  planet. 

For  the  revolution  of  Juno,  the 
yearly  axis  C  is  furnished  with  a 
wheel  of  54  teeth,  which  impels  a 
.  wheel  of  50  teeth  on  axis  B,  to 
which  is  made  fast  a  wheel  of  27 
teeth,  which  turns  a  wheel  of  127 
teeth  on  axis  A  once  round  in  1590 
days  17b  35m  2.7s,  and  the  tube  of 
which  ascends  on  that  of  Vesta,  and  SATURN'S 
supports  a  horizontal  arm  which  PERIOD- 
carries  a  small  ball  representing  this 
planet  in  the  period  named. 

The  revolution  of  Ceres  is  de- 
rived from  the  period  of  Juno,  be- 
cause wheel-work  taken  from  the 


unit  of  a  solar  year  was  not  suf 
ficiently  accurate  for  the  purpose, 
therefore  on  Juno's  wheel  of  127 
teeth  is  fixed  a  wheel  of  123  teeth, 
which  drives  a  thick  little  bevel 
sort  of  wheel  of  30  teeth  on  axis  B : 
the  reason  of  this  small  wheel  being 
bevelled  is  to  allow  its  teeth  to  suit 
both  wheels  ||^- ;  wheel  30  drives 
wheel  130  on  axis  A  once  round  in 
1681  days  6h  17m  22.4%  and  the 
tube  of  wheel  130  turns  on  the  tube 
of  Juno,  and  ascends  in  a  similar 
manner  with  the  rest,  and  carries  a 
horizontal  arm  supporting  a  small 
ball  representing  this  planet,  and  is 
caused  to  revolve  round  the  Sun  in 
the  above-mentioned  period  (the 
period  of  Ceres  to  that  of  Juno  is  as 
130  is  to  123:  hence  the  wheels 
used.) 

The  period  of  Pallas  could  not  be 
derived  from  the  solar  year  with 
sufficient  accuracy,  and  recourse 
was  had  to  an  engrafted  fraction  on 
the  period  of  Ceres,  thus :  on  wheel 
130  of  Ceres  is  made  fast  a  wheel 
of  122  teeth,  which  drives  a  wheel 
of  81  teeth  on  axis  B,  to  which  is 
fixed  a  wheel  79,  which  impels  a 
wheel  of  119  teeth  on  axis  A,  and 
is  furnished  with  a  tube  which 
ascends,  and  turns  on  that  of  Ceres, 
and  supports  a  horizontal  arm,  which 
bears  a  small  ball  representing  this 
planet,  which  by  virtue  of  the  above 
train  of  wheels  is  caused  to  com- 
plete a  revolution  round  the  Sun  in 
1681  days  10h  28"'  25.1s. 

The  motion  of  this  planet  is  de- 
rived from  the  period  of  a  solar 
year,  from  the  "  yearly  axis,"  thus : 
on  this  axis  is  made  fast  a  wheel 
of  44  teeth,  which  turns  a  wheel  of 
94  teeth  on  axis  B,  to  which  is- 
riveted  a  small  wheel  of  20  teeth, 
which  impels  a  wheel  on  axis  A 
having  111  teeth,  which  is  furnished 
with  an  ascending  tube  which  re- 
volves over  that  of  Pallas,  and  bears 
a  horizontal  arm  which  supports  a 
ball  representing  this  planet,  which 
by  the  said  train  of  wheels  is  caused 
to  revolve  round  the  Sun  in  4330 
days  14h  39m  35.78. 

The  periodic  revolution  of  Saturn 
is  also  taken  from  the  solar  year, 
viz.,  a  small  wheel  of  17  teeth  is 
fixed  to  the  "  yearly  axis"  near  its 
top,  and  drives  a  wheel  of  129  teeth 
on  axis  B,  to  which  is  made  fast  a 
wheel  of  49  teeth,  which  turns  a 
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wheel  of  190  teeth  on  axis  A,  whose 
tube  ascends  and  revolves  on  that 
of  Jupiter's  tube,  and  supports  an 
arm,  having  a  ball  representing  Sa- 
turn and  its  rings,  and  which  by  the 
train  of  wheels  is  caused  to  perform 
a  revolution  round  the  sun  in  the 
period  of  10,746  days  19'«  16"1  50.9s. 
URANUSS         ^ne   revomtion   °f  tnis    planet 
PERIOD.      could  not  be  attained  with  sufficient 
accuracy  from  the  period  of  a  solar 
year:    the  period   is  engrafted  on 
that  of  Saturn's,  thus :  a  wheel  of 
117  teeth  is  made  fast  to  wheel  190 
of   Saturn,   and    consequently  re- 
volves  in   Saturn's   period.      This 
wheel  of  117  teeth  drives  a  wheel 
on  axis  B  having  77  teeth,  to  which 
is  fixed  a  wheel  of  40  teeth,  which 
turns  on  axis  A  a  large  wheel  of 
173  teeth,  whose  tube  ascends  and 
revolves  over  that  of  Saturn,  and 
carries  a  horizontal  arm  which  sup- 
ports a  ball  representing  this  planet, 
which  is  caused  to  complete  its  re- 
volution by  such  a  train  of  wheels 
in  the  period  of  30,589  days  8h  26m 
58.4'.     Such  is  a  brief  description 
of  the  motions  of  this  comprehen- 
sive and  very  accurate  machine. 
The  axis  A,  on  which  the  planet  tubular 
wheels  revolve,  performs  a  rotation  in  25  days 
10  hours,  by  virtue  of  the  following  train  of 
wheels,  £1  +  i|  of  24  hours,  that  is,  a  pinion 
of  14  is  assumed  to  revolve  in  24  hours,  and 
to  drive  a  wheel  of  61  teeth,  to  which  is  fixed 
a  pinion  of  12,  which  turns  the  wheel  70  in 
the  period  noted ;  to  this  wheel-axis  it  is  made 
fast,   and  by  revolving  with  it  exhibits  the 
Sun's  rotation. 

DIURNAL        The    machine   is   turned    by   a 
HAND.        handle  or  winch,  which  is  assumed 
to  turn  round  in  24  hours,  and  from 
this  rotation  of  24  hours  a  train  of 
,-  wheel-work  is  required  to  cause  the 

"  yearly  axis"  C  to  turn  once  round 
in  365  days  5&  48™  49.19s,  which  is 
effected  in  the  following  manner, 
viz. :  the  train  found  by  the  process 
of  the  reduction  of  continuous  frac- 
tions is  si-j-iyW^.yg!,  that  is,  in 
the  train  for  turning  the  Sun,  the 
same  pinion  14  turns  the  same 
wheel  61,  and  turns  a  pinion  of  18 
leaves,  to  which  is  fixed  a  wheel  of  144 
teeth,  having  a  pinion  of  23  leaves, 
which  impels  a  large  wheel  of  241 
teeth  once  round  in  365.242236 
days,  or  365  days5h48m  49.19s.  The 
last-mentioned  wheel  of  241  teeth  is 
made  fast  to  the  under  part  of  the 
"  yearly  axis"  C  at  D,  the  handle 


having  a  pinion  of  14  leaves  therefor, 
and,  transmitting  its  motion  through 
the  above  train,  causes  the  yearly 
axis  to  revolve  in  the  same  period. 
ROSTRA-  The  planctarium  is  a]so  furnished 
DATES.  with  a  system  of  wheels  for  regis- 
trating  dates  for  either  10,000  years 
past  or  to  come.  The  arrangement 
is  not  shown  in  the  engraving,  (to 
prevent  confusion,)  but  it  might  be 
shortly  described  thus :  near  the  top 
of  the  yearly  axis  is  a  hooked  piece, 
e,  which  causes  the  tooth  of  a  wheel 
of  100  teeth  to  start  forward  yearly  ; 
consequently,  100  starts  of  said 
wheel  will  cause  it  to  revolve  in  100 
solar  years ;  and  it  has  a  hand,  which 
points  on  a  dial  on  the  cover  of  the 
machine  the  years :  thus,  for  the 
present  year,  this  hand  will  be  over 
the  number  45.  This  last-named 
wheel  of  100  teeth  has  a  pin,  which 
causes  a  tooth  of  another  wheel  of 
100  teeth  to  start  once  in  100  years ; 
hence  this  last  wheel  will  complete 
one  revolution  in  10,000  years;  and 
it  is  for  this  purpose  the  former  in- 
dex or  hand  moves  over  a  number 
yearly.  The  second  index  will  pass 
over  a  number  every  100  years;  for 
the  present  year,  the  second-hand  or 
index  will  be  over  the  number  18, 
and  will  continue  over  it  until  the 
first  index  moves  forward  to  99  ; 
then  both  indexes  will  move  at  one 
time,  viz.,  the  first  index  to  O  0  on 
the  first  concentric  circle  of  the  dial, 
and  the  second  index  to  19,  denoting 
the  year  1900,  and  so  of  the  rest. 
By  the  ecliptic  being  divided  in  a 
series  of  four  spirals,  the  machine 
makes  a  distinction  between  com- 
mon and  leap  years,  and  indicates 
the  common  year  as  containing  365 
days,  and  the  leap  year  366  days, 
by  taking  in  a  day  in  February 
every  fourth  year;  thus,  for  any 
given  period  for  10,000  years  past 
or  to  come,  the  various  situations 
and  aspects  of  the  planets  may  be 
ascertained  by  operating  with  this 
machine,  and  this  for  thousands  of 
years  without  producing  a  sensible 
error  either  in  space  or  time.  This 
planetarium  wheel-work  is  inclosed 
in  an  elegant  mahogany  box  of 
twelve  sides;  is  about  five  feet  in 
diameter  by  ten  inches  in  depth.  At 
each  of  the  twelve  angles,  or  sides, 
small  brass  pillars  rise,  and  support 
a  large  ecliptic  circle,  on  which  are 
engraven  the  signs,  degrees,  and  mi- 
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nutes  of  the  ecliptic,  the  days  of  the 
month,  &c.  This  mahogany  box 
with  the  wheel-work  is  supported 
by  a  tripod  stand  three  feet  in  height, 
and  motion  is  communicated  to  the 


several  balls  representing  the  planets    work,  periods,  &c. 


by  turning  the  handle  as  before  de- 
scribed. A  planetarium  of  this  com* 
plicated  sort  costs  sixty  guineas. 

The  following  is  a  tabular  view  of  the  wheel' 


Planets'  names. 

Whe«l-work. 

Tropical  periods  produ- 
ced by  the  wheel-  work. 

True  nsean  Iropic.'tl  pe- 
riods of  the  p:anett. 

Mercury 

Venui 
The  Earth 
Mars 

Vesta 
Juno 
Ceres 
Pallas 
Jupiter 
Saturn 
Uranus 

22        67 

d».     ho.  m.     s. 
87.  23.  14.  36.  1 

224.  16.  41.   31.1 
365.    5.  48.  49.19 
686.  22.  18.   33.6 

1335.    0.21.    19.8 
1590.  17.  35.      2.7 
1681.    6.  17.    22.4 
1681.  10.28.  25.1 
4330.  14.  39.   35.7 
10746.  19.  16.   50.9 
30589.    8.  26.   58.4 

da.      ho.       m.      s. 

87.   23.   14.   36 

224.  16.   41.    36 
365.    5.    48.    49 
686.  22.    18.    34 
1335.    0.    21.    20 

1590.  17.    35.      1 
1681.    6.    17.    29 
1681.  10.    28.    42 
4330.  14.    39.    32 
0746.  19.    16.    52 
30589.     8.    26.    59 

*    85  +  27    of  a  year 
47       128 

127  T  77 
Prime  mover     96+96  -f-96  " 
65.  239 

HO"*    59 
65  _^83 

36+  41 
50,  127 

'    54+27 
130-r-30of  Juno 

,81,119   Of  ceres 

'     122^79 
'*  J«*y    of  a  year 

44  ^20 
129  ,190 

17    h  49 
77,    173  of  Saturn 

117*  40 

The  Sun's  rotation                       }-—  of  24  hrs. 

The  tropical  period  of  the")           61  .144     241     » 
Earth  round  the  Sun  .   .  J         Ti       is   '•"  "23 

25.   10.  0.    0. 
365.    5.  48.  49.19 

25.     10.     0.     1 
365.      5.   48.    49 

In  the  month  of  October  last  year,  Dr.  Hen- 
derson made  a  series  of  calculations  for  a  new 
planetarium  for  the  use  of  schools.  It  shows 
with  considerable  accuracy  for  700  days  the 
mean  tropical  revolutions  of  the  planets  round 
the  sun.  The  machine  consists  of  a  system 
of  brass  wheels  peculiarly  arranged,  and  is  in- 
closed in  a  circular  case  three  feet  in  diameter, 
the  top  of  which  has  the  signs  and  degrees  of 
the  ecliptic  laid  down  on  it,  as  also  the  days 
of  the  months,  &c.  This  planetarium  costs 
only  45s.,  or,  on  a  tripod  stand,  table-high, 
55s. :  the  machine  is  put  in  motion  by  a  han- 
dle on  the  outside.  To  the  teachers  and 
others  connected  with  education,  this  plane- 
tarium must  be  of  great  importance,  for  with- 
out a  proper  elucidation  of  the  principles  of 
astronomy,  that  of  Geography  must  be  but 
confusedly  understood.  This  planetarium  is 
at  present  made  by  Mr.  Dollond,  9  White 
Conduit  Grove,  Islington,  London. 

The  Tellurian  is  a  small  instrument  which 
should  be  used  in  connexion  with  the  plane- 
tarium formerly  described.  This  instrument 
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is  intended  to  show  the  annual  motion  of  the 
earth,  and  the  revolution  of  the  moon  around 
it.  It  also  illustrates  the  moon's  phases  and 
the  motion  of  her  nodes,  the  inclination  of  the 
Earth's  axis,  the  causes  of  eclipses,  the  va- 
riety of  seams,  and  other  phenomena.  It  con- 
sists of  about  eight  wheels,  pinions,  and  circles. 
A  small  instrument  of  this  description  may  be 
purchased  for  about  £>}  8s.,  as  stated  on 
page  183. 

OX    THE    VARIOUS     OPINIONS    WHICH     WERE 
ORIGINALLY    TORMED   OF    SATURN'S    HIlfG. 

The  striking  and  singular  phenomenon 
connected  with  the  planet  Saturn,  though  now 
ascertained  beyond  dispute  to  be  a  ring  or 
rings  surrounding  its  body  at  a  certain  dis- 
tance, was  a  subject  of  great  mystery,  and 
gave  rise  to  numerous  conjectures  and  contro- 
versies for  a  considerable  time  after  the  inven- 
tion of  the  telescope  by  which  it  was  dis- 
covered. Though  it  was  first  discovered  in 
the  year  1610,  it  was  nearly  50  years  after- 
ward before  its  true  form  and  nature  were 
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determined.  Galileo  was  the  first  who  dis- 
covered any  thing  uncommon  connected  with 
Saturn :  thrqugh  his  telescope  he  thought  he 
saw  that  planet  appear  like  two  smaller  globes 
on  each  side  of  a  larger  one ;  and  after  view- 
ing the  planet  in  this  form  for  two  years,  he 
was  surprised  to  see  it  becoming  quite  round, 
without  its  adjoining  globes,  and  some  time 
afterward  to  appear  in  the  triple  form.  This 
appearance  is  represented  in  fig.  1  of  the  fol- 
lowing engraving.  In  the  year  1614,  Schei- 
ner,  a  German  astronomer,  published  a  repre- 
sentation of  SLiturn,  in  which  this  planet  is 
exhibited  as  a  large  central  globe,  with  two 
smaller  bodies,  one  on  each  side,  partly  of  a 
conical  form,  attached  to  the  planet,  and  form- 
ing a  part  of  it,  as  shown  fig.  2.  In  the  years 
1640  and  1643,  Ricciolus,  an  Italian  mathe- 
matician and  astronomer,  imagined  he  saw 
Saturn  as  represented  in  fig.  3,  consisting  of 
a  central  globe,  and  two  conical-shaped  bodies 
completely  detached  from  it,  and  published 
an  account  of  it  corresponding  to  this  view. 
Hevelius,  the  celebrated  astronomer  of  Dant- 

Fig.  97. 
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zig,  author  of  the  Selenograptda  and  other 
works,  made  many  observations  on  this  planet 
about  the  years  1643,  1649,  and  1650,  in 
which  he  appears  to  have  obtained  different 
views  of  the  planet  and  its  appendages,  gra- 
dually approximating  to  the  truth,  but  still 
incorrect.  These  views  are  represented  in 
figures  4,  5,  6,  and  7.  Fig.  4  nearly  resem- 
bles two  hemispheres,  one  on  each  side  of  the 
globe  of  Saturn.  The  other  fi  gures  very  nearly 
resemble  the  extreme  parts  of  the  ring  as  seen 
through  a  good  telescope,  but  he  still  seems  to 
have  considered  them  as  detached  from  each 
other  as  well  as  from  Saturn.  Figures  8  and 
9  are  views  given  by  Ricciolus  at  a  period 
posterior  to  that  in  which  he  supposed  Saturn 
and  his  appendages  in  the  form  delineated  in 
fig.  3.  In  these  last  delineations  the  planet 
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was  supposed  to  be  inclosed  in  an  elliptical 
ring,  but  this  ring  was  supposed  to  be  fixed  to 
its  two  opposite  sides. 

Fig.  10  is  a  representation  by  Eustachius 
Divini,  a  celebrated  Italian  optician  at  Bologna. 
The  shades  represented  on  Saturn  and  the 
elliptical  curve  are  incorrect,  as  this  planet 
presents  no  such  shadowy  form.  The  general 
appearance  here  presented  is  not  much  unlike 
that  which  the  ring  of  Saturn  exhibits,  ex- 
cepting that  at  the  upper  side  of  the  ring 
should  appear  covering  a  portion  of  the  orb 
of  Saturn ;  but  Divini  seems  to  have  conceived 
that  the  curve  on  each  side  was  attached  to  the 
body  of  Saturn  ;  for  when  Huygens  published 
his  discovery  of  the  ring  of  Saturn  in  1659, 
Divini  contested  its  truth,  because  he  could 
not  perceive  the  ring  through  his  own  tele- 
scopes ;  and  he  wrote  a  treatise  on  the  subject 
in  opposition  to  Huygens  in  1660,  entitled 
"Brevis  Annotatio  in  Systema  Saturnium." 
Huygens  immediately  replied  to  him,  and 
Divini  wrote  a  rejoinder  in  1661.  Fig.  11  is 
the  representation  given  by  Francis  Fontana, 
a  Neapolitan  astronomer.  This  figure  repre- 
sents Saturn  as  having  two  crescents,  one  on 
each  side,  attached  to  its  body,  with  intervals 
between  the  planet  and  the  crescents.  Fig.  12 
is  a  view  delineated  by  Gassendus,  a  cele- 
brated French  philosopher.  It  represents  the 
planet  as  a  large  ellipsoid,  having  a  large  cir- 
cular opening  near  each  end,  and  if  this  repre- 
sentation were  the  true  one,  each  opening 
would  be  at  least  30,000  miles  in  diameter. 
Fig.  13,  which  is  perhaps  the  most  singular 
of  the  whole,  is  said  to  be  one  of  the  views  of 
this  planet  given  by  Ricciolus.  It  represents 
two  globes,  each  of  which,  in  the  proportion 
they  here  bear  to  Saturn,  must  be  more  than 
30,000  miles  in  diameter.  These  globes  were 
conceived  as  being  attached  to  the  body  of 
Saturn  by  curves  or  bands,  each  of  which,  in 
the  proportion  represented,  must  have  been  at 
least  7000  miles  in  breadth,  and  nearly  40,000 
miles  long.  This  would  have  exhibited  the 
planet  Saturn  as  a  still  more  singular  body 
than  what  we  have  found  it  to  be;  but  no 
such  construction  of  a  planet  has  yet  been 
found  in  the  universe,  nor  is  it  probable  that 
such  a  form  of  a  planetary  body  exists. 

It  is  remarkable  that  only  two  general 
opinions  should  have  been  formed  respecting 
the  construction  of  Saturn,  as  appears  from 
these  representations:  either  that  this  planet 
was  composed  of  three  distinct  parts,  separate 
from  each  other,  or  that  the  appendage  on 
each  side  was  fixed  to  the  body  of  the  planet. 
The  idea  of  a  ring  surrounding  the  body  of 
the  planet  at  a  certain  distance  from  every 
part  of  it  seems  never  to  have  been  thought  of 
till  the  celebrated  Huygons,  in  1655, 1656,  and 
1G57,  by  numerous  observations  made  on  this 
4  Q  2  (905) 
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planet,  completely  demonstrated  that  it  is  sur- 
rounded by  a  solid  and  permanent  ring,  which 
never  changes  its  situation,  and,  without  touch- 
ing the  body  of  the  planet,  accompanies  it  in 
its  revolution  around  the  sun.  As  the  cause 
of  all  the  erroneous  opinions  above  stated  was 
owing  to  the  imperfection  of  the  telescopes 
which  were  then  in  use,  and  their  deficiency 
in  magnifying  power,  this  ingenious  astrono- 
mer set  himself  to  work  in  order  to  improve 
telescopes  for  celestial  observations.  He  im- 
proved the  art  of  grinding  and  polishing  ob- 
ject-glasses, which  he  finished  with  his  own 
hands,  and  produced  lenses  of  a  more  correct 
figure,  and  of  a  longer  focal  distance,  than 
what  had  previously  been  accomplished.  He 
first  constructed  a  telescope  12  feet  long,  and 
afterward  one  23  feet  long,  which  magnified 
about  95  times ;  whereas  Galileo's  best  tele- 
scope magnified  only  about  33  times.  He 
afterward  constructed  one  123  feet  long, 
which  magnified  about  220  times.  It  was 
used  without  a  tube,  the  object-glass  being 
pldced  upon  the  top  of  a  pole,  and  connected 
by  a  cord  with  the  eyepiece.  With  such 
telescopes  this  ingenious  artist  and  mathema- 
tician discovered  the  fourth  satellite  of  Saturn, 
and  demonstrated  that  the  phenomenon  which 
had  been  so  egregiously  misrepresented  by 
preceding  astronomers  consisted  of  an  im- 
mense ring  surrounding  the  body,  and  com- 
pletely detached  from  it.  His  numerous 
observations  and  reasonings  on  this  subject 
were  published  in  Latin  in  1659,  in  a  quarto 
volume  of  nearly  100  pages,  entitled  "  Syste- 
ma  Saturnium,  sive  de  causis  mirandorum 
Saturni  Phenomenon,  et  Comitc  ejus  Plane- 
ta  Nova,"  from  which  work  the  figures  and 
some  of  the  facts  stated  above  have  been  ex- 
tracted. 

OX  THE  SUPPOSED  DIVISIONS  OF  THE  EXTE- 
RIOR RING  OF  SATURN. 

From  the  period  in  which  Huygens  lived 
till  the  time  when  Herschel  applied  his  large 
telescopes  to  the  heavens,  few  discoveries  were 
made  in  relation  to  Saturn.  Cassini,  in  1671, 
discovered  the  fifth  satellite  of  this  planet ;  in 
1672,  the  third;  and  the  first  and  second  in 
March,  1684.  In  1675,  Cassini  saw  the  broad 
side  of  its  ring  bisected  quite  round  by  a  dark 
elliptical  line,  of  which  the  inner  part  appeared 
brighter  than  the  outer.  In  1722,  Mr.  Had- 
ley,  with  bis  five-feet  Newtonian  reflector,  ob- 
served the  same  phenomenon,  and  perceived 
that  the  dark  line  was  stronger  next  the  body, 
and  fainter  towards  the  upper  edge  of  the  ring. 
Within  the  ring  he  also  discovered  two  belts 
across  the  disk  of  Saturn  ;  but  it  does  not 
appear  that  they  had  any  idea  that  this  dark 
line  was  empty  space  separating  the  ring  into 
two  parts.  This  discovery  was  reserved  for 
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the  late  Sir  W.  Herschel,  who  made  numerous 
observations  on  this  planet,  and  likewise  ascer- 
tained that  the  ring  performs  a  revolution 
round  the  planet  in  ten  hours  and  thirty 
minutes. 

Of  late  years,  some  observers  have  supposed 
that  the  exterior  ring  of  Saturn  is  divided  into 
several  parts,  or,  in  other  words,  that  it  con- 
sists of  two  or  more  concentric  rings.  The 
following  are  some  of  the  observations  on 
which  this  opinion  is  founded.  They  are 
chiefly  extracted  from  Captain  Kater's  paper 
on  this  subject,  which  was  read  before  the 
Astronomical  Society  of  London. 

The  observations,  we  are  told,  were  made 
in  the  years  1825  and  1826,  and  remained 
unpublished  from  a  wish  on  the  part  of  the 
observer  to  witness  the  appearances  again. 
The  planet  Saturn  has  been  much  observed 
by  Captain  Kater  for  the  purpose  of  trying 
the  light,  &c.,  for  which  the  ring  and  satel- 
lites are  good  tests.  The  instruments  which 
were  employed  in  the  present  investigations 
were  two  Newtonian  reflectors,  one  by  Wat- 
son, of  40  inches  focus  and  G^th  aperture, 
and  another  by  Dollond,  of  68  inches  focus 
and  6|ths  aperture.  The  first,  under  favour- 
able circumstances,  gave  a  most  excellent 
image ;  the  latter  is  a  very  good  instrument 
The  following  are  extracts  from  the  author's 
journal : 

Nov.  25,  1825.  The  double  ring  beauti- 
fully defined,  perfectly  distinct  all  around,  and 
the  principal  belts  well  seen.  I  tried  many 
concave  glasses,  and  found  that  the  image 
was  much  sharper  than  with  convex  eye- 
glasses, and  the  light  apparently  much  greater. 
Dollond,  259,  the  best  power,  480,  a  single 
lens,  very  distinct.  Nov.  30,  the  night  very 
favourable,  but  not  equal  to  the  25th.  The 
exterior  ring  of  Saturn  is  not  so  bright  as  the 
interior,  and  the  interior  is  less  bright  close  to 
the  edge  next  the  planet.  The  inner  edge 
appears  more  yellow  tlfan  the  rest  of  the  ring, 
and  nearer  in  colour  to  the  body  of  the  planet. 
Dec.  17.  The  evening  extremely  fine.  With 
Dollond  I  perceived  the  outer  ring  of  Saturn 
to  be  darker  than  the  inner,  and  the  division 
of  the  ring  all  around  with  perfect  distinct- 
ness ;  but  with  Watson  I  fancied  that  I  saw 
the  outer  ring  separated  by  numerous  dark 
divisions  extremely  close,  one  stronger  than 
the  rest,  dividing  the  ring  about  equally. 
This  was  seen  with  my  most  perfect  single 
eyeglass  power.  A  careful  examination  of 
some  hours  confirmed  this  opinion.  Jan.  16 
and  17,  1826.  Captain  Kater  believed  that 
he  saw  the  divisions  with  the  Dollond,  but 
was  not  positive.  Concave  eyeglasses  found 
to  be  superior  to  convex.  Feb.  26,  1826. 
The  division  of  the  outer  ring  not  seen  with 
Dollond.  On  the  17th  Dec.,  when  the  divj 
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sions  were  most  distinctly  seen,  Captain 
Kater  made  a  drawing  of  the  appearance  of 
Saturn  and  his  rings.  The  phenomena  were 
witnessed  by  two  other  persons  on  the  same 
evening,  one  of  whom  saw  several  divisions 
in  the  outer  ring,  while  the  other  saw  one 
middle  division  only;  but  the  latter  person 
was  short-sighted,  and  unaccustomed  to  tele- 
scopic observations.  It  may  be  remarked,  how- 
ever, that  these  divisions  were  not  seen  on 
other  evenings,  which  yet  were  considered 
very  favourable  for  distinct  vision. 

It  is  said  that  the  same  appearances  were 
seen  by  Mr.  Short,  but  the  original  record  of 
his  observations  cannot  be  found.  In  La- 
lande's  Astronomy  (3d  edition,  article  3351) 
it  is  said,  "  Cassini  remarked  that  the  breadth 
of  the  ring  was  divided  into  two  equal  parts 
by  a  dark  line  having  the  same  curvature  as 
the  ring,  and  the  exterior  portion  was  the  less 
light.  Short  told  me  that  he  observed  still 
more  singular  phenomena  with  his  large  tele- 
scope of  12  feet.  The  breadth  of  the  ansse, 
or  extremities  of  the  ring,  was,  according  to 
him,  divided  into  two  parts,  an  inner  portion 
without  any  break  in  the  illumination,  and  an 
outer  divided  by  several  lines  concentric  with 
the  circumference,  which  would  lead  to  a  be- 
lief that  there  are  several  rings  in  the  same 
plane."  De  Lambre  and  Birt  severally  state 
that  Short  saw  the  outer  ring  divided,  proba- 
bly on  the  authority  of  Lalande.  In  Brew- 
ster's  Ferguson's  Astronomy,  vol.  ii.  p.  125, 
2d  edition,  there  is  the  following  note  on  this 
subject :  "  Mr.  Short  assures  us  that  with  an 
excellent  telescope  he  observed  the  surface  of 
the  ring  divided  by  several  dark  concentric 
lines,  which  seem  to  indicate  a  number  of 
rings  proportional  to  the  number  of  dark  lines 
which  he  perceived." 

In  December,  1813,  at  Paris,  Professor 
Quetelet  saw  the  outer  ring  divided  with  the 
achromatic  telescope  of  ten  inches  aperture, 
which  was  exhibited  at  the  exposition.  Ke 


mentioned  this  the  following  day  to  M.  de  la 
Place,  who  observed  that  "  those,  or  even 
more  divisions,  were  conformable  to  the  sys- 
tem of  the  world."  On  the  other  hand,  the 
division  of  the  outer  ring  was  not  seen  by  Sir 
W.  Herschel  in  1792,  nor  by  Sir  J.  Herschel 
in  1826,  nor  by  Struve  in  the  same  year;  and 
on  several  occasions  when  the  atmospheric 
conditions  were  most  favourable,  it  has  not 
been  seen  by  Captain  Kater.  It  has  been 
remarked  by  Sir  W.  Herschel,  Struve,  and 
others,  that  the  exterior  ring  is  much  less 
brilliant  than  the  interior;  and  it  is  asked, 
May  not  this  want  of  light  in  the  outer  ring 
arise  from  its  having  a  very  dense  atmosphere  ! 
and  may  not  this  atmosphere  in  certain  states 
admit  of  the  divisions  of  the  exterior  ring 
being  seen,  though,  under  other  circumstances, 
they  remain  invisible  7  The  above  observa- 
tions are  said  to  have  been  confirmed  by  some 
recent  observations  by  Decuppis  at  Rome,  who 
announced,  some  years  ago,  that  Saturn's 
outer  ring  is  divided  into  two  or  three  con- 
centric rings. 

Some  of  the  observations  stated  above,  were 
they  perfectly  correct,  would  lead  to  the  con- 
clusion that  Saturn  is  encompassed  with  a 
number  of  rings  concentric  with  and  parallel 
to  each  other.  But  while  such  phenomena 
as  described  above  are  so  seldom  seen,  even 
by  the  most  powerful  telescopes  and  the  most 
accurate  observers,  a  certain  degree  of  doubt 
must  still  hang  over  the  subject;  and  we  must 
suspend  our  opinion  on  this  point  till  future 
observations  shall  either  confirm  or  render 
doubtful  those  to  which  we  have  referred. 
Should  the  Earl  of  Rosse's  great  telescope, 
when  finished  for  observation,  be  found  to 
perform  according  to  the  expectations  now 
entertained,  and  in  proportion  to  its  size  and 
quantity  of  light,  we  shall  expect  that  our 
doubts  will  be  resolved  in  regard  to  the  sup- 
posed divisions  of  the  ring  of  Saturn. 
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BRIEF  DESCRIPTION  OF  THE  EARL  OF  ROSSE'S  TELESCOPE. 


THIS  telescope,  the  largest  and  most  mag- 
nificent that  ever  was  attempted,  reflects  the 
greatest  honour  on  the  genius,  the  inventive 
powers,  and  the  scientific  acquirements  of  its 
noble  contriver,  as  well  as  on  the  elevated 
station  in  which  he  is  placed.  With  rank 
and  fortune,  and  every  circumstance  that 
usually  unfit  men  for  scientific  pursuit,  he 
has  set  a  bright  example  to  his  compeers  of 
the  dignity  and  utility  of  philosophical  studies 
and  investigations,  and  of  the  aids  they  might 
render  to  the  progress  of  science,  were  their 
wealth  and  pursuits  directed  in  a  proper 
channel. 

Previously  to  his  lordship's  attempting  the 
construction' of  his  largest,  or  "Monster  Tele- 
scope," he  had  constructed  one  with  a  specu- 
lum of  three  feet  in  diameter,  which  was  con- 
sidered one  of  the  most  accurate  and  powerful 
instruments  that  had  ever  been  made,  not  ex- 
cepting even  Sir  W.  HerschePs  forty  feet 
reflector.  In  the  account  of  this  telescope 
published  in  the  Philosophical  Transactions 
for  1840,  his  lordship  speaks  of  the  possibility 
af  a  speculum  of  six  feet  in  diameter  being 
cast.  At  that  time  it  was  considered  by  some 
as  little  short  of  a  chimera  to  attempt  the 
construction  of  such  a  monstrous  instrument ; 
•but  the  idea  no  sooner  occurred  to  this  in- 
genious and  persevering  nobleman  than  he 
determined  to  put  it  to  the  test,  and  the  result 
has  been  attended  with  complete  success. 
The  materials  of  which  this  speculum  is  com- 
posed are  copper  and  tin,  united  very  nearly 
in  their  atomic  proportions,  namely,  copper 
126.4  parts,  to  tin  58.9  parts.  This  com- 
pound has  a  specific  gravity  of  8.8,  and  is 
found  to  preserve  its  lustre  with  more  splen- 
dour, and  to  be  more  free  from  pores  than 
any  other.  A  foundry  was  constructed  ex- 
pressly for  the  purpose  of  casting  the  specu- 
lum. Its  chimney,  built  from  the  ground, 
was  IS  feet  high,  and  16£  square  at  the  base, 
tapering  to  four  at  the  top.  At  each  of  its 
sides,  communicating  with  it  by  a  flue,  was 
sunk  a  furnace  ei^ht  feet  deep  and  5£  square, 
with  a  circular  or«ning  four  feet  in  diameier. 
About  seven  fe«?t  from  the  chimney  was 
erected  a  large  ?rane,  with  the  necessary 
tackle  for  elevate  z  and  carrying  the  crucibles 
(903) 


from  the  furnace  to  the  mould,  which  was 
placed  in  a  line  with  the  chimney  and  crane, 
and  had  three  iron  baskets  supported  on  pivots 
hung  round  it;  and  four  feet  further  on  was 
the  annealing  oven.  The  crucibles  which 
contained  the  metal  were  each  two  feet  in 
diameter,  2^  deep,  and  together  weighed  one 
ton  and  a  half.  They  were  of  cast  iron,  .and 
made  to  fit  the  baskets  at  the  side  of  the 
mould.  These  baskets  were  hung  on  wooden 
uprights,  or  pivots;  to  one  of  these,  on  each 
side,  was  attached  a  lever,  by  depressing 
which  it  might  be  turned  over,  and  the  con- 
tents of  the  crucible  poured  into  the  mould. 
The  bottom  of  the  mould  was  made  by  bind- 
ing together  tightly  layers  of  hoop  iron,  arid 
turning  the  required  shape  on  the  in  edge  wise. 
This  mould  conducted  the  heat  away  through 
the  bottom,  and  cooled  the  metal  towards  the 
top  in  infinitely  small  layers,  while  the  inter- 
stices, though  close  enough  to  prevent  the 
metal  from  escaping,  were  sufficiently  open  to 
allow  the  air  to  penetrate.  This  bottom  was 
six  feet  in  diameter  and  5^  inches  thick,  and 
was  made  perfectly  horizontal  by  means  of 
spirit  levels,  and  was  surrounded  by  a  wooden 
frame.  A  wooden  pattern,  the  exact  size  of 
the  speculum,  being  placed  on  the  iron,  sand 
was  well  packed  between  it  and  the  frame, 
and  the  pattern  was  removed.  Each  of  the 
crucibles  containing  the  melted  metal  was 
then  placed  in  its  basket,  and  every  thing  be- 
ing ready  for  discharging  their  contents,  they 
were  at  the  same  instant  turned  over,  and  the 
mould  being  filled,  the  metal  in  a  short  time 
safely  set  into  the  required  figure.  While  it 
was  red  hot,  and  scarcely  solid,  the  framework 
was  removed,  and  an  iron  ring  connected 
with  a  bar  which  passed  through  the  oven 
being  placed  round  it,  it  was  drawn  in  by 
means  of  a  capstan  at  the  other  side,  on  "a 
railroad,  when  charcoal  being  lighted  in  the 
oven,  and  turf  fires  underneath  it,  all  the 
openings  were  built  up,  and  it  was  left  for 
sixteen  weeks  to  anneal.  It  was  cast  on  the 
13th  of  April,  1842,  at  9  o'clock  in  the  even- 
ing. The  crucibles  were  ten  hours  heating 
in  the  furnaces  before  the  metal  was  intro- 
duced, which  in  about  ten  hours  more  waa 
sufficiently  fluid  to  be  poured.  When  the 
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oven  was  opened  the  speculum  was  found  as 
perfect  as  when  it  entered  it.  It  was  then 
removed  to  the  grinding  machine,  where  it 
underwent  that  process,  and  afterward  was 
polished,  without  any  accident  having  oc- 
curred. 

This  speculum  weighed  three  tons,  and 
lost  about  one-eighth  of  an  inch  in  grinding. 
Lord  Rosso  has  since  cast  another  speculum 
of  the  same  diameter  four  tons  in  weight. 
He  can  now,  with  perfect  confidence,  under- 
take any  casting,  so  great  an  improvement 
has  the  form  of  mould  which  he  has  invented 
proved.  The  speculum  was  placed  on  an 
equilibrium  bed,  composed  of  nine  pieces, 
resting  on  points  at  their  centres  of  gravity. 
The  jieces  were  lined  with  pitch  and  felt  be- 
fore the  speculum  was  placed  on  them.  The 
speculum  box  is  also  lined  with  felt,  and 
pitched :  this  prevents  any  sudden  change  of 
temperature  affecting  the  speculum  by  means 
of  the  bad  conducting  power  of  the  substances 
employed.  A  vessel  of  lime  is  kept  in  con- 
nexion with  the  speculum  box  to  absorb  the 
moisture,  which  otherwise  might  injure  the 
mirror.  The  process  of  grinding  was  con- 
ducted under  water,  and  the  moving  power 
employed  was  a  steam-engine  of  three  horse 
power.  The  polisher  is  connected  with  the 
machinery  by  means  of  a  large  ring  of  iron, 
which  loosely  encircles  it;  and  instead  of 
either  the  speculum  or  the  polisher  being 
stationary,  both  move  with  a  regulated  speed. 
The  ring  of  the  polisher,  and  therefore  the 
polisher  itself,  has  a  transverse  and  a  longi- 
tudinal motion;  it  makes  80  strokes  in  the 
minute,  and  24  A  strokes  backward  and  for- 
ward for  every  revolution  of  the  mirror,  and 
at  the  same  time  lT70?0-th  strokes  in  the  trans- 
verse direction.  The  extent  of  the  latter  is 
^Tyths  of  the  diameter  of  the  speculum.  The 
substance  made  use  of  to  wear  down  the  sur- 
face was  emery  and  water :  a  constant  supply 
of  these  was  kept  between  the  grinder  and 
the  speculum.  The  grinder  is  made  of  cast 
iron,  with  grooves  cut  lengthwise,  across,  and 
circularly  on  its  face.  The  polisher  and 
speculum  have  a  mutual  action  upon  each 
other :  in  a  few  hours,  by  the  help  of  the 
emery  and  water,  they  are  both  ground  truly 
circular,  whatever  may  have  been  their  pre- 
vious defects.  The  grinding  is  continued  till 
the  required  form  of  surface  is  produced,  and 
this  is  ascertained  in  the  following  manner  : 
there  is  a  high  tower  over  the  house  in  which 
the  speculum  is  ground,  on  the  top  of  which 
is  fixed  a  pole,  to  which  is  attached  the  dial 
of  a  watch ;  there  are  trap-doors  which  open, 
and  by  means  of  a  temporary  eyepiece,  allow 
the  figure  of  the  dial  to  be  seen  in  the  specu- 
lum brought  to  a  slight  polish.  If  the  dots 
on  the  dial  are  not  sufficiently  well  defined, 


the  grinding  is  continued ;  but  if  they  appear 
satisfactorily,  the  polishing  is  commenced.  It 
required  six  weeks  to  grind  it  to  a  fair  sur- 
face. The  polisher  was  cut  into  grooves,  to 
prevent  the  abraded  matter  from  accumulating 
in  some  places  more  than  in  others ;  a  thin 
layer  of  pitch  was  spread  over  it;  it  was 
smeared  over  with  rouge  and  water,  and  a 
supply  of  it  kept  up  till  the  machinery  brought 
it  to  a  fine  black  polish.  The  length  of  time 
employed  for  polishing  the  three  feet  specu- 
lum was 'six  hours.* 

This  large  telescope  is  now  completed,  or 
nearly  so.  The  tube  is  56  feet  long,  includ- 
ing the  speculum  box,  and  is  made  of  deal 
one  inch  thick,  hooped  with  iron.  On  the 
inside,  at  intervals  of  eight  feet,  there  are 
rings  of  iron  three  inches  in  depth  and  one 
inch  broad,  for  the  purpose  of  strengthening 
the  sides.  The  diameter  of  the  tube  is  seven 
feet.  It  is  fixed  to  mason-work  in  the  ground 
by  a  large  universal  hinge,  which  allows  it  to 
turn  in  all  directions.  At  12  feet  distance 
on  each  side  a  wall  is  built,  72  feet  long,  48 
high  on  the  outer  side,  and  56  on  the  inner, 
the  walls  being  24  feet  distant  from  each 
other,  and  lying  exactly  in  the  meridianal 
line.  When  directed  to  the  south,  the  tube 
may  be  lowered  till  it  becomes  almost  hori- 
zontal ;  but  when  pointed  to  the  north,  it  only 
falls  till  it  is  parallel  with  the  earth's  axis, 
pointing  then  to  the  pole  of  the  heavens.  Its 
lateral  movements  take  place  only  from  wall 
to  wall,  and  this  commands  a  view  for  half 
an  hour  on  each  side  of  the  meridian ;  that  is, 
the  whole  of  its  motion  from  east  to  west  is 
limited  to  15  degrees.  At  present  it  is  fitted 
up  in  a  temporary  way  to  be  used  as  a  transit 
instrument ;  but  it  is  ultimately  intended  to 
connect  with  the  tube-end  galleries  machinery 
which  shall  give  an  automaton  movement,  so 
that  the  telescope  shall  be  used  as  an  equa- 
torial instrument.  All  the  works  connected 
with  this  instrument  are  of  the  strongest  and 
safest  kind;  all  the  iron  work  was  cast  in  his 
lordship's  laboratory  by  men  instructed  by 
himself,  and  every  part  of  the  machinery  was 
made  under  his  own  eye  by  the  artisans  in 
his  own  neighbourhood,  and  not  a  single 
accident  worth  mentioning  happened  during 
the  whole  proceeding. 

The  expense  incurred  by  his  lordship  in  the 
erection  of  this  noble  instrument  was  not  less 
than  twelve  thousand  pounds !  besides  the 
money  expended  in  the  construction  of  the 
telescope  of  three  feet  diameter.  Sufficient 

*  The  above  description  has  been  selected  and 
abridged  from  a  small  volume  entitled  "The 
Monster  Telescope,  erected  by  the  Earl  of  Rosse, 
Parsontown,"  and  also  from  the  "  Illustrated 
London  News"  of  September  9th,  1843.  In  the 
volume  alluded  to  a  more  particular  description 
will  be  found,  accompanied  with  engravings. 
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time  has  not  yet  been  afforded  for  making 
particular  observations  with  this  telescope ; 
but  from  slight  trials  which  have  been  made, 
even  under  unfavourable  circumstances,  it  pro- 
mises important  results.  Its  great  superiority 
over  every  telescope  previously  constructed 
consists  in  the  great  quantity  of  light  it  reflects, 
and  the  brilliancy  with  which  it  exhibits  ob- 
jects, even  when  high  powers  are  applied.  It 
has  a  reflecting  surface  of  4071  square  inches, 
while  that  of  Herschel's  40  feet  telescope  had 
only  1811  square  inches  on  its  polished  sur- 
face, so  that  the  quantity  of  light  reflected 
from  the  speculum  is  considerably  more  than 
double  that  of  Herschel's  largest  reflector. 
This  instrument  has  already  exceeded  his 
lordship's  expectations.  Many  appearances 
before  invisible  in  the  Moon  have  been  per- 
ceived, and  there  is  every  reason  to  expect 
that  new  discoveries  will  be  made  by  it  in  the 
Nebulas,  double  and  triple  stars,  and  other 
celestial  objects.  The  following  is  an  extract 
of  a  communication  from  Sir  James  South  on 
this  subject,  addressed  to  the  editor  of  the 
"  Times ,-"  "  The  leviathan  telescope  on  which 
the  Earl  of  Rosse  has  been  toiling  upward  of 
two  years,  although  not  absolutely  finished, 
was  on  Wednesday  last  directed  to  the  sidereal 
heavens.  The  letter  which  I  have  this  morn- 
ing received  from  its  noble  maker,  in  his  usual 
unassuming  style,  merely  states  that  the  metal, 
only  just  polished,  was  of  a  pretty  good  figure, 
and  that  with  a  power  of  500  the  nebula 
known  as  No.  2  of  Messier's  catalogue  was 
even  more  magnificent  than  the  nebula  No. 
13  of  Messier,  when  seen  with  his  lordship's 
telescope  of  three  feet  diameter  and  27  feet 
focus.  Cloudy  weather  prevented  him  from 
turning  the  leviathan  on  any  other  nebulus 
object.  Thus,  then,  we  have  all  danger  of  the 
metal  breaking  before  it  could  be  polished 
overcome.  Little  more,  however,  will  be  done 
with  it  for  some  trine,  as  the  earl  is  on  the  eve 
of  quitting  Ireland  for  England  to  resign  his 
post  at  York  as  president  of  the  British  Asso- 
ciation. I  look  forward  with  intense  anxiety 
to  witness  its  first  severe  trial,  when  all  its 
various  appointments  shall  be  completed,  in 
the  confidence  that  those  who  may  then  be 
present  will  see  with  it  what  man  has  never 
seen  before.  The  diameter  of  the  large  metal 
is  six  feet,  and  its  focus  54  feet ;  yet  the  im- 
mense mass  is  manageable  by  one  man.  Com- 
pared with  it,  the  working  telescopes  of  Sir 
William  Herschel,  which  in  his.  hands  con- 
ferred on  astronomy  such  inestimable  servicte, 
and  on  himself  astronomical  immortality,  were 
but  playthings." 

The  following  is  a  more  recent  account  of 

observations  made  by  this  telescope,  chiefly 

extracted  from  Sir  James  South's  description, 

inserted  in  the  Times  of  April  16th,  1845, 
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and  the  "  Illustrated  London  News"  of  April 
19: 

"  The  night  of  the  5th  of  March,  1845, 
was  the  finest  I  ever  saw  in  Ireland.  Many 
nebulae  were  observed  by  Lord  Rosse,  Dr. 
Robinson,  and  myself.  Most  of  them  were, 
for  the  first  time  since  their  creation,  seen  by 
us  as  groups  or  clusters  of  stars ;  while  some, 
at  least  to  my  eyes ;  showed  no  such  resolu- 
tion. Never,  however,  in  my  life  did  I  see 
such  glorious  sidereal  pictures  as  this  instru- 
ment afforded  us.  Most  of  the  nebulse  we  saw 
I  certainly  have  observed  with  my  own  achro- 
matic ;  but  although  that  instrument,  as  far 
as  relates  to  magnifying  power,  is  probably 
inferior  to  no  one  in  existence,  yet  to  compare 
these  nebulae,  as  seen  with  it  and  the  six-feet 
telescope,  is  like  comparing,  as  seen  with  the 
naked  eye,  the  dinginess  of  the  planet  Saturn 
to  the  brilliancy  of  Venus.  The  most  popu- 
larly-known nebula  observed  this  night  were 
the  ring  nebulas  in  the  Canes  Venatici,  or  the 
51st  of  Messier's  catalogue,  which  was  re- 
solved into  stars  with  a  magnifying  power  of 
548,  and  the  94th  of  Messier,  which  is  in  the 
same  constellation,  and  which  was  resolved 
into  a  large  globular  cluster  of  stars,  not  much 
unlike  the  well-known  cluster  in  Hercules, 
called  also  the  13th  of  Messier."  Perfection 
of  figure,  however,  of  a  telescope  must  be 
tested,  not  by  nebulae,  but  by  its.performance  on 
a  star  of  the  first  magnitude.  If  it  will,  under 
high  power,  show  the  star  round  and  free  from 
optical  appendages,  we  may  safely  take  it  for 
granted  it  will  not  only  show  nebula?,  well, 
but  any  other  celestial  object  as  it  ought.  To 
determine  this  point,  the  telescope  was  directed 
to  Regulus  with  the  entire  aperture,  and  a 
power  of  800,  and  "  I  saw,"  says  Sir  James, 
"  with  inexpressible  delight,  the  star  free  from 
wings,  tails,  or  optical  appendages;  not  indeed, 
like  a  planetary  disk,  as  in  my  large  achroma- 
tic, but  a  round  image  resembling  voltaic  light, 
between  charcoal  points ;  and  so  little  aberra- 
tion had  this  brilliant  image,  that  I  could  have 
measured  its  distance  from,  and  position  with 
any  of  the  stars  in  the  field  with  a  spider's- 
line  micrometer,  and  a  power  of  1000,  without 
the  slightest  difficulty ;  for  not  only  was  the 
large  star  round,  but  the  telescope,  although 
in  the  open  air,  and  the  wind  blowing  rather 
fresh,  was  as  steady  as  a  rock." 

"Pn  subsequent  nights,  observations  of 
other  nebulae,  amounting  to  some  thirty  or 
more,  removed  most  of  them  from  the  list  of 
nebulae,  where  they  had  long  figured,  to  that 
of  clusters ;  while  some  of  these  latter,  more 
especially  the  5th  of  Messier,  exhibited  a  si- 
dereal picture  in  the  telescope  such  as  man 
before  had  never  seen,  and  which  for  its  mag 
nificence  baffles  all  description.  Several  dou 
ble  stars  were  seen  with  various  apertures  of 
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the  telescope,  and  with  powers  between  360 
and  800 ;  and  as  the  earl  had  before  told  us 
we  should — before  the  sp'.eulura  was  inserted 
in  the  tube,  in  consequence  of  his  having 
been  obliged  to  quit  the  superintendence  of 
the  polishing  at  the  most  critical  part  of  the 
process — we  found  that  a  ring  about  six 
inches  broad,  reckoning  from  the  circumfer- 
ence of  the  speculum,  was  not  perfectly  po- 
lished, and  to  that  the  little  irradiation  seen 
about  Regulus  was  unquestionably  referrible. 
The  only  double  stars  of  the  first  class  which 
the  weather  permitted  us  to  examine  with  it 
were  Xi  Ursae  Majoris,  and  Gamma  Virginia, 
which  I  could  have  measured  with  the  greatest 
confidence.  D'Arrest's  comet  we  observed  on 
the  12th  of  March,  with  a  power  of  400,  but 
nothing  worthy  of  notice  was  detected.  Of 
the  Moon,  a  few  words  must  suffice.  Its  ap- 
pearance in  my  large  achromatic  of  12  inches 
aperture  is  known  to  hundreds  of  readers ; 
let  them  then  imagine  that  with  it  they  look 
at  the  moon,  while  with  Lord  Rosse's  six-feet 
they  look  into  it,  and  they  will  not  form  a 
very  erroneous  opinion  of  the  performance  of 
the  leviathan.  On  the  15th  of  March,  when 
the  moon  was  seven  days  old,  I  never  saw 
her  unilluminated  disk  so  beautifully,  nor  her 
mountains  so  temptingly  measurable.  On 
my  first  looking  into  the  telescope,  a  star  of 
about  the  seventh  magnitude  was  some  mi- 
nutes of  a  degree  from  the  moon's  dark  limb, 
and  its  occupation  by  the  moon  appeared  in- 
evitable. The  star,  however,  instead  of  dis- 
appearing the  moment  the  moon's  edge  came 
in  contact  with  it,  apparently  glided  on  the 
moon's  dark  face,  as  if  it  had  been  seen 
through  a  transparent  moon,  or  as  if  the  star 
were  between  me  and  the  moon.  It  lemained 
on  the  moon's  disk  nearly 
two  seconds  of  time,  and 
then  disappeared.  I  have 
seen  this  apparent  projec- 
tion of  a  star  on  the  moon's 
face  several  times,  but  from 
the  great  brilliancy  of  the 
star,  this  was  the  most 
beautiful  I  ever  saw.  The 
cause  of  this  phenomenon 
is  involved  in  impenetrable 
mystery. 

The  following  is  a  re- 
presentation of  the  great 
Rosse  telescope,  along  with 
part  of  the  buildings  with 
which  it  is  connected.  In 
the  interior  face  of  the  east- 
ern wall  a  very  strong 
iron  arc  of  about  43  feet 
radius  is  firmly  fixed,  pro- 
vided with  adjustments, 
whereby  its  surface  facing 


the  telescope  may  be  set  very  accurately 
in  the  plane  of  the  meridian.  On  this 
bar  lines  are  drawn,  the  interval  between 
any  adjoining  two  of  which  corresponds  to 
one  minute  of  time  on  the  equator.  The 
tube  and  speculum,  including  the  bed  on  which 
the  speculum  rests,  weigh  about  15  tons.  The 
telescope  rests  on  a  universal  joint,  placed  on 
masonry  about  six  feet  below  the  ground,  and 
is  elevated  or  depressed  by  a  chain  and  wind- 
lass; and  although  it  weighs  about  15  tons, 
the  instrument  is  raised  by  two  men  with 
great  facility  :  of  course,  it  is  counterpoised 
in  every  direction.  The  observer,  when  at 
work,  stands  in  one  of  four  galleries,  the  three 
highest  of  which  are  drawn  out  from  the 
western  wall,  while  the  fourth  or  lowest  has 
for  its  base  an  elevating  platform,  along  the 
horizontal  surface  of  which  a  gallery  slides 
from  wall  to  wall  by  a  machinery  within  the 
observer's  reach,  but  which  a  child  may  work. 
When  the  telescope  is  about  half  an  hour 
east  of  the  meridian,  the  galleries,  hanging 
over  the  gap  between  the  walls,  present  to  a 
spectator  below  an  appearance  somewhat  dan- 
gerous ;  yet  the  observer,  with  common  pru- 
dence, is  as  safe  as  on  the  ground,  and  each 
of  the  galleries  can  be  drawn  from  the  wall 
to  the  telescope's  side  so  readily,  that  the  ob- 
server needs  no  one  else  to  move  it  for  him. 

The  following  figure  (98)  represents  only 
the  upper  part  of  the  tube  of  the  telescope,  at 
which  the  observer  stands  when  making  his 
observations.  The  telescope  is  at  present  of 
the  Newtonian  construction,  and,  conse- 
quently, the  observer  looks  into  the  side  of 
the  tube  at  the  upper  end  of  the  telescope ; 
but  it  is  proposed  to  throw  aside  the  plane 
speculum,  and  to  adapt  it  to  the  front  view, 

Fig.  98. 
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on  the  plan  already  described,  (see  pp.  Ill, 
113,  &c.,)  so  that  th^  observer  will  sit  or  stand 
with  his  back  towards  the  object,  and  his  face 
looking  down  upon  the  speculum;  and  in 
this  position  he  will  sometimes  be  elevated 
between  50  and  60  feet  above  the  ground. 
As  yet,  the  telescope  has  no  equatorial  mo- 
tion, but  it  very  shortly  will ;  and  at  no  veiy 
distant  day,  clockwork  will  be  connected  with 
it,  when  the  observer  will,  while  observing, 
l>e  almost  as  comfortable  as  if  he  were  read- 
ing at  a  desk,  by  his  fireside. 

The  following  figure  (99)  shows  a  section 
of  the  machinery  connected  with  this  tele- 
scope. It  exhibits  a  view  of  the  inside  of  the 
eastern  wall,  with  all  the  machinery  as  seen 
in  section.  A  is  the  mason  work  on  the 
ground ;  B,  the  universal  joint,  which  allows 
the  tube  to  turn  in  all  directions ;  C,  the  spe- 
culum in  its  tube ;  D,  the  box ;  E,  the  eye- 
piece ;  F,  the  movable  pulley ;  G,  the  fixed 
one ;  H,  the  chain  from  the  side  of  the  tube ; 
7,  the* chain  from  the  beam;  K,  the  counter- 
poise ;  L,  the  lever ;  M,  the  chain  connecting 
it  with  the  tube ;  Z,  the  chain  which  passes 
from  the  tube  to  the  windlass  over  a  pulley 
on  a  trussbeam,  which  runs  from  Wto  the 
same  situation  on  the  opposite  wall :  the  pul- 
ley is  not  seen ;  X  is  a  railroad,  on  which  the 
speculum  is  drawn  either  to  or  from  its  box : 
part  is  cut  away,  to  show  the  counterpoise. 
The  dotted  line  a  represents  the  course  of 
the  weight  R  as  the  tube  rises  or  falls :  it 
is  a  segment  of  a  circle,  of  which  the  chain 
7  is  the  radius.  The  tube  is  moved  from 
wall  to  wall  by  the  ratchet  and  wheel  at  R ; 
the  wheel  is  turned  by  the  handle  0,  and  the 
ratchet  is  fixed  to  the  circle  on  the  wall. 
The  ladders  in  front,  as  shown  in  the  preceding 
sketch,  enable  the  observer  to  follow  the  tube  in 
its  ascent  to  where  the  galleries  on  the  side-wall 

Fig.  99. 


commence.  These  side-galleries  are  three  in 
number,  and  each  can  be  moved  from  wall  to 
wall  by  the  observer  after  the  tube,  the  mo- 
tion of  which  he  also  accomplishes  by  means 
of  the  handle  O. 

I  shall  conclude  the  description  of  this  won- 
derful instrument  in  the  words  of  Sir  James 
South : 

"  What  will  be  the  power  of  this  telescope 
when  it  has  its  Le  Mairean  form"  [that  is, 
when  it  is  fitted  up  with  the  front  view,]  "  it 
is  not  easy  to  divine.  What  nebulae  will  it 
resolve  into  stars  ]  in  what  nebulse  will  it  not 
find  stars'?  how  many  satellites  of  Saturn 
will  it  show  us  1  how  many  will  it  indicate  as 
appertaining  to  Uranus  1  how  many  nebulas 
never  yet  seen  by  mortal  eye  will  it  present 
to  us  1  what  spots  will  it  show  us  on  the  va- 
rious planets  1  will  it  tell  us  what  causes  the 
variable  brightness  of  many  of  the  fixed  stars! 
will  it  give  us  any  information  as  to  the  con- 
stitution of  the  planetary  nebulee  1  will  it  ex- 
hibit to  us  any  satellites  encircling  them? 
will  it  tell  us  why  the  satellites  of  Jupiter, 
which  generally  pass  over  Jupiter's  face  as 
disks  nearly  of  white  light,  sometimes  tra- 
verse it  as  black  patches !  will  it  add  to  our 
knowledge  of  the  physical  construction  of  ne- 
bulous stars  1  of  that  mysterious  class  of  bo- 
dies which  surround  some  stars,  called,  for 
want  of  a  better  name,  '  photospheres  ?'  will 
it  show  the  annular  nebulas  of  Lyra  merely  as 
a  brilliant  luminous  ring,  or  will  it  exhibit  it 
as  thousands  of  stars  arranged  in  all  the  sym- 
metry of  an  ellipse  1  will  it  enable  us  to  com- 
prehend the  hitherto  incomprehensible  nature 
and  origin  of  the  light  of  the  great  nebulae  of 
Orion  1  will  it  give  us,  in  easily  appreciable 
quantity,  the  parallax  of  some  of  the  fixed 
stars,  or  will  it  make  sensible  to  us  the  paral- 
lax of  the  nebulae  themselves  ?  finally,  having 
presented  to  us  original  por- 
traits of  the  moon  and  of  the 
sidereal  heavens,  such  as 
man  has  never  dared  even  to 
anticipate,  will  it,  by  Da- 
guerreotype aid,  administer 
to  us  copies  founded  upon 
truth,  and  enable  astrono- 
mers of  future  ages  to  compare 
the  moon  and  heavens  as 
they  then  may  be  with  the 
moon  and  heavens  as  they 
were  1  Some  of  these  ques- 
tions will  be  answered  af- 
firmatively, others  negative- 
ly, and  that,  too,  very  short- 
ly ;  for  the  noble  maker  of  the 
noblest  instrument  ever  form- 
ed by  man '  has  cast  his  bread 
upon  the  waters,  and  will, 
with  God's  blessing,  find  it 
before  many  days,'  " 
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HINTS  TO  AMATEURS  IN  ASTRONOMY   RESPECTING   THE    CONSTRUC- 
TION OF  TELESCOPES. 


As  there  are  many  among  the  lower  ranks 
of  the  community  who  have  a  dasire  to  be 
possessed  of  a  telescope  \vhich  will  show  them 
some  of  the  prominent  featuies  of  celestial 
scenery,  but  who  are  unable  to  purchase  a 
finished  instrument  at  the  prices  usually 
charged  by  opticians,  the  following  hints  may 
perhaps  be  acceptable  to  those  who  are  pos- 
sessed of  a  mechanical  genius. 

The  lenses  of  an  achromatic  telescope  may 
be  purchased  separately  from  glass-grinders 
or  opticians,  and  tubes  of  a  cheap  material 
may  be  prepared  by  the  individual  himself  for 
receiving  the  glasses.  The  following  are  the 
prices  at  which  achromatic  object-glasses  for 
astronomical  telescopes  are  generally  sold: 
Focal  length  30  inches,  diameter  2£th  inches, 
from  2  to  3^  guineas.  Focal  length  42  inches, 
diameter  2^th  inches,  from  5  to  8  guineas. 
Focal  length  42  inches,  diameter  3jth  inches, 
from  12  to  20  guineas.  Focal  length  42 
inches,  diameter  3| th  inches,  from  25  to  30 
guineas.  Eyepieces,  from  10s.  6d.  to  18 
shillings.  The  smallest  of  these  lenses, 
namely,  that  of  2^th  inches  diameter,  if  truly 
achromatic,  may  be  made  to  bear  a  power  of 
from  80  to  100  times  in  clear  weather  for 
celestial  objects,  which  will  show  Jupiter's 
moons  and  belts,  Saturn's  ring,  and  other  ce- 
lestial phenomena.  The  tubes  may  be  made 
either  of  tin  plates,  papier  mache,  or  wood. 
Wood,  however,  i«  rather  a  clumsy  article, 
and  it  is  sometimes  liable  to  warp,  yet  excel- 
lent tubes  have  sometimes  been  made  of  it. 
Perhaps  the  cheapest  and  most  convenient 
of  all  tubes,  when  properly  made,  are  those 
formed  of  paper.  In  forming  these,  a  wooden 
roller  of  the  proper  diameter  should  be  pro- 
cured, and  paper  of  a  proper  size,  along  with 
bookbinder's  paste.  About  three  or  four  lay- 
ers only  of  the  paper  should  be  pasted  at  one 
time,  and,  when  sufficiently  dry,  it  should  be 
smoothed  by  rubbing  it  with  a  smooth  stick 
or  ruler ;  after  which  another  series  of  layers 
should  be  pasted  on,  and  allowed  to  dry  as 
before,  and  so  on  till  the  tube  has  acquired  a 
sufficient  degree  of  strength  and  firmness.  In 
this  way  I  have,  by  means  of  a  few  old  news- 
papers and  similar  materials,  formed  tubes  as 
strong  as  if  they  had  been  made  of  wood.  If 
several  tubes  be  intended  to  slide  into  each 
other,  the  smallest  tube  should  be  made  first, 
and  it  will  serve  as  a  roller  for  forming  the 
tube  into  which  it  is  to  slide. 

An  achromatic  object-glass  of  a  shorter 
focal  distance  and  a  smaller  diameter  than 
any  of  those  stated  above,  may  be  fitted  up  as 
15 


a  useful  astronomical  telescope  when  a  better 
instrument  cannot  be  procured.  In  the  pawn- 
brokers' shops  in  London  and  other  places,  an 
old  achromatic  telescope,  with  an  object-glass 
20  inches  focal  distance  and  about  1^  inch 
diameter,  may  be  purchased  at  a  price  varying 
from  15  to  20  shillings.  By  applying  an  as- 
tronomical eyepiece  to  such  a  lens,  if  a  good 
one.  it  may  bear  a  power  for  celestial  objects 
of  50  or  60  times.  If  two  plano-convex  glasses 
three-fourths  of  an  inch  focal  distance  be 
placed  with  their  convex  sides  near  to  each 
other,  they  will  form  an  eyepiece  which  will 
produce  a  power  on  such  an  object-glass  of 
above  50  times,  which  will  show  Jupiter's 
belts  and  satellites,  Saturn's  ring,  the  solar 
spots,  and  the  mountains  and  cavities  of  the 
moon.  I  have  an  object-glass  of  this  descrip- 
tion which  belonged  to  an  old  telescope,  which 
cost  me  only  12  shillings,  and  with  which  I 
formally  made  some  useful  astronomical  ob- 
servations. It  was  afterwards  used  as  the 
telescope  of  a  small  equatorial  instrument, 
and  with  it  I  was  enabled  to  perceive  stars  of 
the  first  and  second  magnitude,  and  the  planets 
Venus,  Jupiter,  and  Mars  in  the  daytime. 

But,  should  such  a  glass  be  still  beyond  the 
reach  of  the  astronomical  amateur,  let  him 
not  altogether  despair.  He  may  purchase  a 
single  lens  of  three  feet  focal  distance  for 
about  a  couple  of  shillings,  and  by  applying 
an  eyeglass  of  one  inch  focus,  which  may  be 
procured  for  a  shilling,  he  will  obtain  a  power 
of  36  times,  which  is  a  higher  power  than 
Galileo  was  able  to  apply  to  his  best  telescope ; 
and  consequently,  with  such  an  instrument, 
he  will  be  enabled  to  perceive  all  the  celestial 
objects  which  that  celebrated  astronomer  first 
described,  and  which  excited  so  much  wonder 
at  that  period  in  the  learned  world;  but, 
whatever  kind  of  telescope  may  be  used,  it  is 
essentially  requisite  that  it  be  placed  on  a  firm 
stand  in  all  celestial  observations ;  and  any 
common  mechanic  can  easily  form  such  a 
stand  at  a  trifling  expense. 

There  is  a  certain  optical  illusion  to  which 
most  persons  are  subject  in  the  first  use  of 
telescopes,  especially  when  applied  to  the  ce- 
lestial bodies,  on  which  it  may  not  be  impro- 
per to  make  a  remark.  The  illusion  to  which  I 
allude  is  this,  that  they  are  apt  to  imagine  the 
telescope  does  not  magnify  nearly  so  much  as 
it  really  does ;  they  are  apt  to  complain  of  the 
small  appearance  which  Jupiter  and  Saturn, 
for  example,  present  when  magnified  160  or 
200  times.  With  such  powers  they  are  apt 
to  imagine  that  these  bodies  do  not  appear  so 
4H  (913) 
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large  as  the  moon  to  the  naked  eye  ;  yet  it 
can  be  proved  that  Jupiter,  when  nearest  the 
earth,  viewed  with  such  a  power,  appears 
about  five  times  the  diameter  of  the  full  moon, 
and  25  times  larger  in  surface.  This  appears 
from  the  following  calculation  :  Jupiter,  when 
in  opposition,  or  nearest- the  Earth,  presents 
a  diameter  of  47" ;  the  mean  apparent  di- 
ameter of  the  moon  is  about  31';  multiply  the 
diameter  of  Jupiter  by  the  magnifying  power, 
200,  the  product  is  9400",  or  156',  or  2°  36', 
which,  divided  by  31',  the  moon's  diameter, 
produces  a  quotient  of  5,  showing  that  this 
planet  with  such  a  power  appears  five  times 
larger  in  diameter  than  the  full  moon  to  the 
naked  eye,  and  consequently  25  times  larger 
in  surface.  Were  a  power  of  only  50  times 
applied  to  Jupiter  when  nearest  the  earth, 
that  planet  would  appear  somewhat  larger 
•t*m  the  full  moon;  for  47"  multiplied  by  50 
,f<ves  2350",  or  39',  which  is  8'  more  than 
the  diameter  of  the  moon ;  yet  with  such  a 
wwer  most  persons  would  imagine  that  the 
nlanet  does  not  appear  one-third  of  the  size 
of  the  full  moon. 

The  principal  mode  by  which  a  person  may 
be  experimentally  convinced  of  the  fallacy  to 
which  I  allude  is  the  following:  At  a  time 
when  Jupiter  happens  to  be  within  a  few  de- 
grees of  the  moon,  let  the  planet  be  viewed 
(914) 


through  the  telescope  with  the  one  eye,  and 
the  magnified  image  of  the  planet  be  brought 
into  contact  with  the  moon  as  seen  with  the 
other  eye,  the  one  eye  looking  at  the  moon, 
and  the  other  viewing  the  magnified  image  of 
Jupiter  through  the  telescope  when  brought 
into  apparent  contact  with  the  moon ;  then  it 
will  be  perceived  that  with  a  magnifying 
power  of  50  the  image  of  Jupiter  will  com- 
pletely cover  the  moon  as  seen  by  the  naked 
eye;  and  with  a  power  of  200 — when  the 
moon  is  made  to  appear  in  the  centre  of  the 
magnified  image  of  the  planet — it  will  be  seen 
that  Jupiter  forms  a  large  and  broad  circle 
around  the  moon,  appearing  at  least  five 
times  greater  than  the  diameter  of  the  moon. 
This  experiment  may  be  varied  as  follows  : 
Suppose  a  person  to  view  the  moon  through 
a  small  telescope  or  opera-glass  magnifying 
three  times,  he  will  be  apt  to  imagine.,  at  first 
sight,  that  she  is  not  in  tht>  'east  magnified, 
but  rather  somewhat  diminished ;  but  let  him 
bring  the  image  as  seen  in  the  telescope  in 
contact  with  the  moon  as  seen  with  the 
naked  eye,  and  he  will  plainly  perceive  the 
magnifying  power  by  the  size  of  the  image. 
It  may  be  difficult,  in  the  first  instance,  to 
look  at  the  same  time  at  the  magnified  image 
and  the  real  object,  but  a  few  trials  will  render 
it  easy. 


THE  END. 
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